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Pakistan needs indigenous medicine 


Cyrna’s bare-foot doctor, little-educated, trained in his art 
for only six months, is a constant goad to Pakistan’s health- 
care officials. Why can’t Pakistan have similar people? For 
the conventional doctor with his Bachelor’s degree (a five- 
year, full-time course in medical sciences) is highly ex- 
pensive and scarce. And even if available, he is not mentally 
prepared to leave the attractions of the city for the rural 
areas. So he is ill-equipped to use his medical knowledge. 

_ About three-quarters of Pakistan’s people live in the 
| remote countryside, and successive governments have com- 
- mitted themselves to provide a semblance of scientific rural 
health cover. But there is a largely untapped option in 
Pakistan, similar to the barefoot doctors of China: the in- 
digenous medicine practitioners. Called the ‘hakim’, if they 
practise Greco-Arabic medicine (‘Unani Tibb’ locally), and 
‘ved’ if they practise ‘Ayurvedic’, the ancient Indian system, 
they flourish in the countryside. Could they not be the raw 
material for a Pakistani bare-foot medical service? 

Health care in Pakistan, as in almost the whole of South 
Asia, is a complex mixture of elements quite different from 
those in the west. For instance, there are in all about 12,000 
conventional doctors in the country for a population of 70 
million—hardly one doctor for every 6,000 persons. In 
practice these provide for only one-fifth of the population. 
Such a low ratio (for comparison, one doctor to 641 persons 
in the US, with 45 categories of health personnel to assist 
him) creates a health care vacuum that fills itself through 
hakims, veds, homoeopaths and even simple charlatans. 

Some 5,000 qualified hakims with diplomas from Unani 
Tibb colleges already contribute to rural health care; but 
there are also another 40,000 unqualified hakims who have 
no formal education nor any medical training. These hakims 
have learnt just by sitting beside an experienced practitioner 
in his clinic. Nevertheless, they are recognised and re- 
gistered practitioners of medicine in Pakistan. 

As far as the norms of modern medical science are con- 
. cerned, even the qualified hakims coming out of the institu- 
tions after a 4-year course have a motley education. Along 
with Greco-Arabic system-——which largely works on em- 
pirical basis—the hakims are taught several subjects of 
modern medicine. So the ‘kuliyat-e-qanoon’ of Avicenna is 
in the curriculum alongside books on modern physiology, 
anatomy and so on. 

Dr Mazhar H. Shah, a Fellow of the Pakistan Academy 
_ of Sciences, writes in his recently-published book the Unity 
| and Integration of Medicine, that “the teaching of modern 
| subjects [to the hakims] is by people not really qualified to 
~ teach; and there are no facilities for laboratory diagnosis 
and hospital treatment. The result is that Tibb colleges 


produce hakims who wear the stethoscope and prescribe 
both indigenous as well as imported drugs without any 
knowledge of basic science or pharmacology. This sort of 
teaching and practice is neither safe for the seriously ill, nor 
useful to the national health system”. 

The cost of modern medicine to provide health care to 
the entire population of the country, on the other hand, 
appears simply prohibitive and beyond the reach of a 
developing country. The medical bill for health services 
alone in Western countries far outweighs the total of the 
national budget of Pakistan. — ’ tes, 

So there is a growing realisation that some sort of integra- 
tion is imperative between expensive modern medicine and 
the inexpensive indigenous system, which i largely based on 
cheap local herbs. Thus the hakim and the ved could be 
taught the essential principles of the indigenous system but 
also be adequately equipped with basic principles of modern 
medical science; and not in half-baked fashion as at present, 
but in a real professional way. A village doctor emerging 
from such a scheme could use his discretion to use either 
the local herb or, if available, the relevant Western drug. 

The envisaged integrated system, however, may not find 
smooth sailing in Pakistan due to the many vested interests. 
The hakim and the ved is generally opposed to integration, 
as at present he tries to equate himself in social status with 
the fully qualified western doctor. So does the homoeopath 
(homoeopathy is a recognised system of medicine in the 
country). Strangely enough, a good cross-section of western 
doctors is also opposed to integration as they think that it 
would down-grade them if systems based on empirical prin- 
ciples are made to dove-tail with scientific methods. 

Political expediency under pressure from the practitioners 
of indigenous systems led the Government to set up Auton- 
omous Boards for Tibb and Homozopathy in 1965 so as fo 
let them “train and practise their systems independently by 
supplementing such modern advances as the Board may. 
from time to time determine.” However, the government 
also set up (in 1974) an Indigenous Medicines Commission 
with Dr Salimuzzaman Siddiqui, the chemist, as its chair- 
man to investiga è the possibility of integration of the three 
systems. The inmission’s report was never made public. 
but it is well-known that it had recommended integration to 
produce a health service structure on the lines detailed 
above. But a seal maybe put on the issue by the next civilian 
government-out of political expediency and to gain political 
advantage from the strong lobby of tens of thousands 
‘hakims’. But then that might be the end of integration and 
also of a practical, down-to-earth answer to rural health 
care in Pakistan. Ci 
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Carter juggles with fast breeder and natural gas 


John Douglas discusses how President Carter has managed 
to enrage combatants on all sides of the fast breeder issue 


PRESIDENT Carter has further en- 
tangled himself in the meshes of his 
energy bill — this time through an 
unlikely deal linking the price of 
natural gas with research on the fast 
breeder reactor. 

Carter’s proposals for price controls 
on natural gas had been bottled up in 
a Congressional conference committee 
for six months, and to free the gas 
bill for consideration by the full Senate, 
he needed one more Republican signa- 
ture on the conference report. So he 
invited Senator James A McClure of 
Icaho to the White House to discuss 
a compromise. Both parties deny 
actually making a ‘deal’, but McClure 
signed the conference report and an- 





Schlesinger also committed the Ad- 
ministration to building the Safety 
Research Experiment Facility (SA- 
REF), the Fuels and Materials 
Evaluation Facility (FUMEF) and the 
High Performance Fuel Laboratory 
(HPFL) — all of which the President 
had earlier opposed as part of his policy 
to shift from “early commercialisation 
to long-range technical development” 
of the breeder. 

Finally came the matter of the 
Clinch River Breeder Reactor (CRBR), 
the costly and controversial demonstra- 
tion project Carter has opposed since 


early in his election campaign. 
Schlesinger wrote that the project 
would be “discontinued” — without 


White House meeting: President Carter, Senator McClure, Energy Secretary Schlesinger. 


nounced that he had received assur- 
ances from the White House that 
increased funds for a large breeder 
reactor no longer faced a Presidential 
veto. Presumably, some of these 
reactor funds would find their way to 
the Idaho National Engineering Labor- 
atory, which has long experience in 
the breeder field. 

Details of the understanding reached 
on the breeder issue were confirmed in 
a letter from Energy Secretary James 
Schiesinger, who also attended the 
White House meeting. The Adminis- 
tration, he said, would no longer op- 
pose development of a conceptual 
design for an “improved demonstration 
project” of the plutonium breeder re- 
actor, although the size was not speci- 
fied. To fund the entire breeder pro- 
gram $513 million would be appro- 
priated for fiscal year 1979, $504 mil- 
lion for FY 1980, and $520 million for 
FY 1981. (The Administration had 
originally wanted to cut back such 
funding to about $400 million for the 
next fiscal year, but the House had 
already defeated that proposal.) 
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specifying whether that meant ‘‘can- 
celled” (the earlier wording of Admin- 
is‘ration policy) or merely “‘deferred.” 
Some components of the CRBR would 
be completed and tested, and some of 
the preliminary licensing would be 
conducted. A final decision on whether 
to build this or another large breeder 
reactor would then be made by 1982. 

At first the compromise looked as if 
it might work. The Administration had 
overcome a major hurdle facing an 
important piece of legislation by giving 
in On a point on which it had already 
suffered a partial defeat. But in the 
process of hammering out this com- 
promise. the President and his advisers 
committed the sort of political blunder 
that has too often marked the Admin- 
istration’s dealings with Congress: 
they ignored the Senate Republican 
leader Howard H Baker Jr of Ten- 
nessee, 

Under any circumstances. Senator 
Baker’s cooperation would have been 
important to the ultimate passage of 
the natural gas bill. for the President 
faces too much opposition within his 
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own party on the issue to ignore the 
Republican votes Baker can influence. 
But more important, the compromise 
suggested to Baker that even if a large 
breeder reactor were finally authorised, 
the chances of building it at Clinch 
River, Tennessee, had been diminished. 

Faced with a tough election cam- 
paign for his own Senate seat this fall. 
Baker reacted angrily to what he saw 
as a personal slight and a threat to a 
billion-dollar project in his home state. 
He announced that unless the status 
of the Clinch River project were 
cleared up he would no longer support 
the natural gas bill, which faces strong 
opposition from a small but determined 
group of Senators. Without his ap- 
parently vital support to cut off debate. 
under the rules of the Senate a 
minority of members might well be 
able to kill the bill by filibustering. 

The issue of natural gas deregulation 
is by far the most complex and contro- 
versial section of the National Energy 
Act finally released by House and 
Senate conferees. The other three sec- 
tions dealing with energy conserva- 
tion, conversion of power plants from 
oil to coal, and reform of utility rates 

will probably pass easily, but none 
is likely to have the international im- 
pact of the natural gas bill, whose pur- 
pose is to lower American oil imports 
by substituting domestically produced 
gas. 

The conference committee report 
is the latest salvo in a 39-year con- 
frontation between producers and con- 
sumers Over government control of gas 
prices. If enacted, the new law would 
eliminate the distinction between gas 
sold within a state and that sold be- 
tween states. The two categories are 
now controlled differently. The bill pro- 
vides that newly discovered gas in both 
catagories would be allowed to escalate 
in price somewhat more rapidly than 
inflation until 1985, when all price con- 
trols would be removed. 

The argument in favour of this 
loosening of control is that creation of 
a single gas market will make more gas 
available to interstate buyers, encour- 
aging them to substitute gas for 
imported oil. At the same time, this 
argument goes, rising prices will en- 
courage producers to step up explora- 
tion for more new gas. The Department 
of Energy estimates that by 1985, the 
equivalent of one million barrels per 
day of imported oil will have been re- 
placed by domestic gas. representing 
a 10 percent reduction in total imports, 
at a $5 billion annual savings. 

Opponents of the gas bill argue that 
higher prices will only fuel inflation 
and that recent history indicates that 
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gas companies will not rush out to drill 
more wells just because prices are 
rising. A Chase Manhattan Bank study 
of the question concluded that “the 
legislation could actually result in 
some weakening of the dollar as for- 
eign exchange markets come to 
perceive that the long-run supply of 
natural gas in the U.S. is as likely to 
be reduced as increased ” And at least 
two senators have announced plans to 
oppose the bill because of their opposi- 
tion to breeder reactors, now linked 
to it 

The Carter-McClure compromise is 
also likely to broaden the debate over 
conduct of the entire breeder reactor 
programme. Work is still not complete 
on the Fast Flux Test Facility, FTF) 
a non-power-generating breeder reactor 


meant to be a forerunner of Clinch 
River. First authorised in 1967, FFTF 
was Originally estimated to cost only 
$87.5 million but has already passed 
the billion dollar mark. The CRBR has 
also experienced severe delays and cost 
overruns, and both industry and Con- 
gressional sources tell Nature that any 
further delay would probably result in 
a re-cvaluation of the basic American 
breeder design. 

During the debate over whether 
breeder reactors should be built at all, 
many technologists have reportedly 
swallowed their specific objections to 
the CRBR design in hopes of not 
exacerbating the issue. Specifically, they 
favour a reactor in which the radio- 
active molten sodium that passes 
through the core never leaves the re- 


Boycott of Soviet contacts is for 
individuals, says NAS 


RECENT ‘human rights’ trials of scien- 
tists in the Soviet Union resulted in the 
immediate cancellation of several major 
visits by US scientists to the Soviet 
Union—and these in turn have pro- 
voked a biting reaction from the Soviet 
media—a sure sign that the threat 
of a severance of scientific relations 
was a teal one. “Future historians will 
be amazed” wrote the Literaturnaya 
Gazeta, that such reprisals could be 
contemplated as a means of making the 
USSR give up “the principles which 
are sacred to it.” 

This reaction would appear to sub- 
stantiate the case for boycott, a case 
most ably put by Valentin Turchin 
(Nature 273, 256-257; 1978). Not æl 
scientists would support this view, 
feeling that continuation of contacts 
makes it possible to express one’s 
concern with the fate of, say, Orlov 
and Shcharanskii, at least on the 
personal level, to Soviet colleagues en- 
countered at international conferences. 

Thus last month, when the Inter. 
national Congress of Mathematicians 
was held in the “human rights” city 
of Helsinki, right on the Soviets’ door- 
step (subsidised excursions to Len- 
ingrad were laid on as a side attrac- 
tion), several Soviet mathematicians 
failed to arrive to deliver their papers. 
One of these people, a Dr Margulis, 
was scheduled to receive a medal The 
ceremony was .carried out in his 
absence, and the formal “presentation” 
of his work was greeted by a standing 
ovation, pinpointing in a telling 
manner the persistent Soviet practice 
of denying visas to scientists invited to 
international conferences. 

Many would see the stricter insis- 
tence on the norms of scientific life— 
including proper representation at con- 
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ferences, a more fitting form of protest 
than an all-out or selective boycott. 

Respecting the diversity of views on 
boycott, the US National Academy of 
Sciences recently put out a statement 
calling on world scientists to urge the 
release of Orlov, Shcharanskil and 
Sergei Kovalev, a biologist now half- 
way through a sentence of seven years 
in a labour camp. The Human Rights 
Committee of the Academy said: 

“These scientists, along with fourteen 
others in other parts of the world, are 
of particular concern to this committee, 
for they represent numbers of 
colleagues who believe that freedom 
of intellectual inquiry cannot be divided 
into two parts—one for the natural 
world in which we live and one for the 
society which nurtures us—and who 
have been imprisoned for acting in 
accordance with their beliefs’. 

Nevertheless, the Academy stressed 

that it does not, as a body, endorse 
boycotts. “Each American scientist”, 
it concludes, “‘contemplating a visit to 
the USSR (or asked to host a Soviet 
scientist in the US) must determine 
his or her own course of action.” 
_ Interestingly, this decision follows 
an opposite course to that advocated by 
a group of French physicists last July, 
who advocated the severance of all 
official scientific relations—including 
conferences—while maintaining per- 
sonal contacts with Soviet colleagues, 
making the latter the “occasion. of 
expressing our indignation”. 

The NAS acceptance of individual 
choice of protest also underlies the 
concluding paragraph of a moving 
appeal which recently reached the West 
from Kovalev’s son, Ivan Addressing 
the intending participants of the 
Fourteenth International Congress of 
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actor vessel and one in which steam for 
generating electricity is handled at a 
lower temperature and pressure than 
now called for. If the Clinch River 
project is deferred or cancelled in 
favour of producing a later—and pro- 
bably larger—reactor, such arguments 
will probably become much more 
audible. 

It is hard to recall a time when the 
US energy picture has appeared more 
cloudy. After he had calmed his initial 
anger, about the best Senator Baker 
could say for the recent compromise 
was “the water has been muddied”’. ATI 
that remains certain is that both the 
natural gas regulation and breeder re- 
actor issues will take on new dimen- 
sions when Congress returns from its 
present Labocr Day recess. O 


Genetics in Ifoscow, he outlined the 
history of his father’s case, and gave 
a vivid and horrifying picture of prison 
conditions, hs asked for the partici- 
pants’ suppor., that they would express 
their attitude towards the imprison- 
ment of their colleague “by means ap- 
propriate to you”. The appeal has 
since been ccrculated by campaigners 
for boycott, but it is noteworthy that 
neither Amnesty International. who 
distributed the letter, nor Ivan Kovalev 
himself, spec:fically ask for this. 

Nevertheless, the idea of at least a 
selective boycott does seem to be taking 
hold in the USA. According to the 
NAS, its supporters “include scientists 
who pioneered in the earliest Soviet/ 
US exchanges, seeking to build bridges 
of common scientific endeavour across 
the chasm of the cold war. They also 
include others who have seen them- 
selves as steadfast in resisting the 
politicisation of science. People have 
reached their decisions in varied ways- 
sadness, ratber than anger has been 
the most common emotion”. 

It is because the response of US 
scientists is so “individualistic”, con- 
cludes the Academy, that continued 
Soviet-US scientific relations are in 
peril “Scientific exchange pro 
grammes” it says “can be negotiated 
and organised, but individual participa- 
tion cannot be commanded There has 
been no institutional instruction of 
decision making. no rush to judgment, 
and no stampede to boycott. Rather 
there is a tide of spontaneous response 
running deer, and it will not be easily 
reversed in -the absence of some 
judicious anc humanitarian actions by 
Soviet authorities”. 


Vera Rick 


© Macmifien Journals Ltd 1” 


4 


Soyuz is not a 
trolley-bus, but 
Comecon flights 
continue 


SIGMUND Jahn, the first East German 
cosmonaut, together with his Soviet 
fligh:-partner Valerii Bykovskii, re- 
turned to Earth last Sunday, after a 
week aboard the Salyut-6 orbiting 
station. Jahn, the third non-Soviet cos- 
monaut to visit Salyut, completes the 
first phase of “international” flights; 
further launches, with the participation 
of cosmonauts now in training from 
other Comecon countries are scheduled 
for mext year. 

Tke manned “Interkosmos”’ pro- 
gramme, in which the Soviet Union 
puts into orbit crew members from her 
Comecon allies did not at first meet 
with the approval of the entire Soviet 
scientific establishment. Academician 
Anatolii Aleksandrov, President of the 
Soviet Academy of Sciences, was re- 
ported to be against any such non- 
Soviet participation (“Soyuz is not a 
trolley-bus! ”). The programme appears 
to have been inaugurated partly as a 
visible expression of fraternal solidarity, 
and, more practically, as a recompense 
for the contributions made to the 
Soviet space programme by the Come- 
con allies. (It is notable that the first 
three countries to be honoured by a 
flight were Czechoslovakia, Poland, and 
East Germany, whose contribution has 
been particularly great). 

As regards Jähn’s particular contri- 
buticn to the joint mission, one experi- 
ment, at least, codenamed “Rech” 
makes use of his linguistic background. 
During all communication sessions. he 
had to repeat “Zwei hundert sechs und 
zwanzig”, so that the parameters of 
his speech—tone, volume, rate. etc. 
coule be monitored and related to his 
physical and psychological reaction to 
weightlessness. (The significance of the 
number 226 is not clear—nor why the 
experiment could not have been per- 
formed using a Russian repeating 
“Dvesti dvadtsat’ shest’! ”) 

Reaction to weightlessness was the 
underlying theme of most of the East 
German experiments, including tissue 
culture and bacteria metabolism experi- 
ments, and an investigation of the 
cross-linking of micro-organisms and 
organic polymers. This last used “ʻa 
Soviet apparatus modified by GDR 
specialists” (essentially a complex of 
polythene bags). 

And, as in previous “international” 
flights, the “Splav” furnace was used 
to produce semiconductor compounds 
—in this case lead-tellurium and 
bismith-antimony compounds, the ex- 
perimental capsule being renamed for 
the occasion ‘“‘Berolina”. Vera Rich 
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Taj Mahal out of danger? 


THe Indian Government is considering 
a report from a committee of experts, 
headed by the chairman of the Indian 
Petrochemicals Corporation, Dr 8S. 
Varadarajan, on how pollution from 
an oil refinery being built near Agra 
will affect the Taj Mahal. The com- 
mittee began its investigations four 
years ago after fears in scientific 
circles and in the press that sulphur 
dioxide waste from the refinery at 
Mathura 146 km south of New Delhi. 
would damage the white marble of the 
Taj Mahal and red sandstone of other 
historical monuments at Agra, 40 km 
farther southeast. 

The committee’s studies revealed 
that the sulphur dioxide content of the 
air in Agra is already 15 to 20 micro- 
grams/m* because of two power plants, 
numerous small industries and a rail- 
way shunting yard there. The refinery, 
according to the report, would only add 
a further 1 to 2 micrograms/m’ in the 
long term, although short-term peak 
concentrations of 65 micrograms/m’ 
might be expected under the worst 
meteorological conditions in winter. 

Meanwhile the Government also 
engaged an Italian firm. Techneco, 
which specialised in the damaging 
effects of pollution on marble, to study 
the problem. The firm in its report 
ruled out any potential threat to the 
Taj from the refinery. Another study 
by the Indian Meteorological Depart- 
ment (IMD) on the expected ground 
level concentrations of sulphur dioxide 
in the Agra region because of the 
refinery also sought to allay the ap- 
prehensions. None of the two reports 
have been made public so far. 


However. some experts and technical 
agencies have expressed doubts about 
the validity of the findings of Techneco 
and IMD which they say are based on 
wind data not of Agra but of Delhi. 
They alleged that the mathematical 
models, which were developed abroad, 
and the constants used were not ap- 
propriate for the local weather con- 
ditions. The Archaeological Survey of 
India, which is responsible for the 
maintenance and conservation of the 
monuments, is of the view that the 
emissions from the refinery would 
certainly discolour and wear away the 
white marble of the Taj. 

Further critics say the Varadarajan 
committee has avoided the main issue: 
the report does not say in unequivocal 
terms whether the threat does or does 
not exist. They point out that the terms 
of reference did not include the 
possibility of shifting the refinery to 
another site away from Agra. (The 
Minister of Petroleum and Chemicals, 
Mr H. N. Bahuguna, had reportedly 
given the assurance last year that he 
would reconsider the moving of the 
refinery to Etawah, 100 km east of 
Agra, if the expert committee definitely 
said there was potential danger to the 


Taj.) 

Nevertheless the committee re- 
commends some control measures: 
that long-term emission of sulphur 


dioxide from the refinery should be 
limited to 1 to 2 micrograms/m’* and 
that three monitoring stations should 
be set up between the refinery and 
Agra to keep a constant check on this. 
The committee also puts forward plans 
to reduce the overall sulphur dioxide 
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content in Agra by closing the power 
plants, switching from coal-fired loco- 
motives to diesel in the shunting yard, 
moving out some of the present 
industries and banning from the area 
any new ones which might add to 
pollution. It also wants tó set up a body 
to monitor the air at Agra and advise 
industries on how to keep within 
acceptable pollution limits. 

The Indian Oil Corporation, which 
has commissioned the refinery, has also 
taken steps to minimise pollution. Low 
sulphur fuel oil and gases will be used 
in the furnaces, and a plant will be 
installed for'the removal and recovery 
of sulphur. The height of the emission 


stacks will be increased from 40 metres. 


to 80 metres to ensure better dispersal, 
and fixed and mobile stations will 
monitor the concentration of sulphur 


dioxide at ground level at various dis- 
tances from the refinery. These 
measures will, according to the 
corporation, limit sulphur dioxide 
emission from the 6 million tonne 
refinery to 1 tonne per hour. Installing 
a planned flue gas desulphurisation unit 
could reduce this to 0.4 tonne per 
hour, the Corporation believes. 
Corrective action is envisaged if the 
emissions rise above the safety level. 
But, critics ask, who will give directions 
to the refinery each time the monitoring 
stations give warning that the pollution 
has risen above the danger level? More- 
over, they point out, the recommenda- 
tions are not mandatory. What is the 
guarantee that the measures suggested 
by the expert committee would be fully 
implemented? And even if all the safe- 
guards are taken, a certain amount of 


5 


residual pollution will cause damage 
to the monuments over a long period. 

The latest among the public figures 
to come out openly against the refinery 
is the noted ornithologist Dr Salim Ali. 
In a public statement*he called for the 
shifting of the refinery as “there is a 
controversy emong experts about its 
effects on the Taj”. Dr Ali also spoke 
about the threat to the famous Bharat- 
pur bird sanctuary near Agra because 
of refinery gases. 

While the Government is yet to take 
a decision on the Varadarajan Com- 
mittee report, more than 80 million 
rupees is reparted to have already been 
spent on the refinery project. There is 
growing apprehension among critics 
that it may soon be too late to turn 
back 1 


India plans to invest in tethered balloon technology 


Wits the successful ascent of a 270- 
cubic metre tethered balloon at the 
Space Applications Centre (SAC), 
Ahmedabad, on 19 May this year, India 
has joined the select band of countries 
like the United States, Britain and 
France which have developed tethered 
balloon technology 

According to the Electronics Com- 
mission’s Information, Planning and 
Analysis Group, India has all the 
expertise and indigenous materials to 
develop this technology on a large 
scale. A panel on tethered balloon 
technology, set up by the commission 
to work out the best plan given avail- 
able resources and the work in progress 
in the country, has recommended devel- 
oping balloons of all sizes—small, 
medium and big The panel has also 
stressed the need for making possible 
users aware of the potential of 
balloons. 

Research in this technology began in 
India when tethered balloons were seen 
as a substitute for the ATS, satellite 
for the continuation of the SITE pro- 
gramme, On the initiative of the Elec- 
tronics Commission, research was 
taken up at SAC in April 1974 Apart 
from the many government and private 
institutes that helped in designing and 
testing the balloons, collaboration was 
sought with the Tata Institute of Fun- 
damental Research, where work was 
already in progress on plastic balloons 

Two years ago, Tata launched a 
similar balloon to the present one from 
its National Balloon Facility at Hyder- 
abad. The present balloon is of medium 
size, has a payload of 50 kg and can 
float to an altitude of 1.5km. Except 
for two fireproof motors in its pressure 
regulation system, its components are 
all Indian made It carried telemetry 
and telecommand equipment and 
batteries. 
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There is no doubt that tethered bal- 
loons are the poor nations’ substitute 
for satellites. Once their technology is 
developed, they can be used for TV and 
FM broadcasting, remote sensing, 
ecology, oceanography, meteorology, 
coastline management and pollution 
monitoring. Because they are tethered, 
height can easily..be varied for the 
study of atmospheric phenomena close 
to earth A study carried out by IPAG 
suggests using balloons in offshore oil 
exploration as a temporary communi- 
cation link with offshore platforms. 

For communication and TV relays 
over hilly areas, where building earth- 
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bound installations is difficult and ex- 
pensive, tethered balloons can also be 
used. The panel has said that two bal- 
loons at an altitude of 30,000 metres, 
one at Shillong and another at Dib- 
rugarh, could be easily and cheaply 
used for a service covering most of the 
north-eastern hills of India. , 

The panel also advocates the im- 
mediate development of low tech- 
nology tethered balloons—of low pay- 
load and short flight duration. For 
instance, a tethered balloon with a 
10 kg payload, parking at an altitude 
of 1 km for 24 hours, could be useful 
to the Meteorological Department and 
the Institute of Oceanography Such 
balloons could also be of use in the 
MONEX programme scheduled for the 
1979 monsoon in the country. The 
panel has also asked for a study of: 
hazards to the balloons, such as light- 
ning and ultraviolet rays. 

Once the technology is fully devel- 
oped, it is recommended that a 
national agency should take over to 
tailor the balloons to the needs of 
users. How cost effective a tethered 
balloon can be will be apparent from 
one example. For a TY broadcast 
operation for one per cent coverage of 
India, the total capital investment is 
40 million rupees with an annual re- 
curring cost 4.2 million rupees The 
same costs for a tethered balloon would 
be 65 million and 1.7 million rupees. 

Dilip M. Salwi 


Correction 


In ‘India prepares to launch Earth 
resources satellite’ (10 August, page 
526) it was incorrectly stated that the 
SEO satellite will be launched from the 
SHAR range in Indla. The satellite will 
be launched in the Soviet Union. 
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India on stand-by for a plague of locusts 


InDta is standing by for a locust in- 
vasion on its borders with Pakistan. 
Five wireless-linked locust control 
centres have been established in the 
border states, and chemicals, men and 
machines rushed in as locust activity 
increases. An agreement has been 
signed between the two countries for 
a joint strategy to combat the menace. 
Field officers on either side of the 
border are meeting regularly to ex- 
change information on locust swarms, 
egg-laying and emergence of hoppers. 
If the locust threat materialises, it 
will be the second invasion this 
year. It was in mid-June that the first 
swarmiets of locusts invaded India. A 
rare change in wind pattern over the 
Arabian Sea brought them to Banas- 
kantha and adjoining districts of 
Gujrat from their original breeding 
grounds in Africa. The Plant Protec- 
tion Organisation of the Agriculture 


Ministry swung into action and neigh- 
bouring states alerted. Benzene hexa- 
chloride dust, dusting machines and 
handpump sprayers were rushed in. 

Swarmilets swept in across the India- 
Pakistan border, and spread to Rajas- 
than, Haryana and Punjab. They came 
in small and thin waves. A swarmlet 
was hardly larger than 3 sq km in area 
—-though a swarm as large as 27 sq km 
was also spotted in Rajasthan. 

India’s last locust plague, 16 years 
ago, destroyed half a billion rupees of 
standing crop. Except for spoiling 
leaves and some standing cotton crop 
in Haryana, the recent invasion did 
almost no damage—thanks to timely 
action by the Agricultural Departments 
of Punjab and Haryana. 

Control rooms were set up and anti- 
locust squads formed. Villagers were 
trained to report any sign of locust 
activity. Areas where the locust swarms 


had laid eggs were ploughed or sprayed 
with chemicals. The conventional 
methods of flame-throwing and digging 
trenches were also used in some vil- 
lages, and eventually, all the swarmlets 
were either killed or paralysed, except 
one which managed to fly back to 
Pakistan across the Sutlej river. 

The current locust concentration is 
in the largely desert Saurashtra-Kutch 
region of Gujrat. At this time of the 
year, heavy rains turn it into a marsh- 
land and a breeding and egg-laying 
ground for the locusts. Locust swarms 
have also laid eggs in a large number 
of villages in Rajasthan. 

A total of 100 vehicles, five planes, 
two helicopters, 100 power dusters and 
5,000 hand dusters have already been 
rushed to these border areas. Border 
Security forces and the Air Force are 
also on hand if needed. 

Dilip M. Salwi 


Vietnam still looking for foreign aid 


VIETNAM'S appeal for more develop- 
ment aid seems to be having a mixed 
reception. Many countries and inter- 
national agencies have signed technical 
and scientific aid agreements with the 
Vietnamese, but some now have reser- 
vations about starting new programmes. 
The United States refuses to consider 
any commitment to Vietnam until 
diplomatic relations are restored. 

International organisations provide 
a substantial proportion of Vietnam’s 
current aid revenue, and a number 
have commitments within the country. 
The World Food Programme, for 
example, has provided US $89 million 
since April 1975 for emergency assist- 
ance, irrigation work, resettlement 
programmes in the ‘new economic 
zones’ and afforestation programmes. 
The United Nations Children’s Fund is 
giving $73 million from 1976-1979 to 
provide basic health care and primary 
education and to improve drinking 
water supplies. In addition the U.N. 
Family Planning Association (UNFPA) 
is already operating family planning 
programmes and will manufacture con- 
traceprives; and the World Health 
Organisation (WHO) is, to take one 
example of its activities, training health 
care personnel. 

Financial institutions such as the 
World Bank and the Asian Develop- 
ment Bank are also to make funds 
available for projects to improve irri- 
gation. rehabilitate light industry, ex- 


plore oil resources, and develop 
telecommunications. 
UNESCO and the International 





Atomic Energy Association (IAEA) 
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are two of the more scientifically- 
orientated agencies with an interest in 
Vietnam. UNESCO is helping to equip 
the Nha Trang Centre of Oceano- 
graphy and to set up the Scientific In- 
formation and Documentation Centre. 
(Because of its concern in the field of 
the restoration of historical monu- 
ments, it is also being asked for assist- 
ance in restoring the former imperial 
capital of Hue.) The IAEA feels it 
could help with the application of fso- 
tope and radiation techniques to agri- 
culture and ground water surveys— 
both given top priority in the country’s 
development programme. 

Vietnam is no longer at the top of 
the UN list of those in need of develop- 
ment assistance—that position is now 
taken by Angola and Mozambique. 
But interest in Vietnam has not waned. 
The report back in March of the 
Special Commission on Assistance to 
Vietnam was very well attended. The 
Soviet Union, China, and the nations 
of Eastern Europe have long supplied 
aid to Vietnam and more recently 
Sweden, Norway and Holland have 
also established commitments in the 
country. They are maintaining a keen 
interest in the redevelopment of the 
country and are involved in several 
specific projects. 

Vietnam has given science and tech- 
nology high priority, but most aid 
agreements favour technology. Those 
concerned more with science, and in- 
volving Western nations, are limited to 
India, France, West Germany, Canada, 
Switzerland and the Philippines. These 
agreements are mainly to provide 


advanced for Vietnamese 
students. 

Lack of technical equipment presents 
great problems for scientists in Viet- 
nam. This means that research targets 
are not always met and—for biologists 
in particular—research programmes 
are sometimes postponed. The United 
Nations mission to Vietnam highlighted 
the needs of Vietnam’s scientists, and 
the UN officials involved with the 
mission do not hide their disappoint- 
ment at the apparent disinterest shown 
by countries supplying scientific aid. 
They admit, however, that they are not 
privy to the terms of every bilateral 
aid agreement and that some countries 
may be assisting by supplying scientists 
with vital equipment. 

Britain, however, has no immediate 
plans to supply scientific aid. It is 
concerned with human rights in Viet- 
nam. The Ministry of Overseas De- 
velopment (ODM) and the Foreign and 
Commonwealth Office say that aid 
already committed to Vietnam will not 
be affected, but that no new agree- 
ments will be made until the govern- 
ment is reassured that human rights 
are not being violated. 

But Britain is not alone. Sweden and 
Holland have expressed similar con- 
cern. They are worried about press 
reports of refugees leaving Vietnam; of 
the measures taken to restrict private 
enterprise in the south of the country; 
and of the means used to persuade 
people to move into the new economic 
zones. The British Government has 
also shown its concern about human 
rights in other countries and has 


training 
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IN ‘Britain today only about 400,000 
people work full time on the land. 
Of these 160,000 ‘are hired workers, 
200,000 are farmers (tenants, land- 
owners and managers) and the rest 
are members of the farmers’ famikes. 
Thus Britain, with a total population 
of. 56 miMions, has a smaller propor- 
tion of its citizens engaged in 
agriculture than has any other 
. country, be it industrialised or what 
„is now called, optimistically or 
euphemistically, “developing”. 

Yet notwithstanding this tiny labour 
force, food production in Britain is 
greater than ever before. Were we 
content with the diet enjoyed by all 
but the greediest and most prosperous 
individuals a hundred years ago, we 
should, already be more than self 
supporting in all-foods except things 
like tea and coffee. Which do’ not 
flourish in our temperate climate. We 
could survive a sige better than in 
the last war, when we had a smaller 
population to feed and nearly three 
times as many people working on our 
farms. 

Farmers are, however, worried, 
because the small number of workers 
means that the industry has litte 
political power There is probably no 
single parkamentary constituency in 
eyen the most rural part of Britain 
where the. votes of farmers, farm 
workers and their families would 
substantially affect the chances of 
election or rejection of a. Member 
of Parliament. 

Thus my own | constituency of 


' Huntingdonshire is perhaps the one: 


which is most dependent on agricul- 
ture. At the last election the sitting 
member, Sir David Renton (Con- 
‘servative) had a majority of nearly 
ten thousand votes. In this area there 
are 1,391 farmers, smallholders and 
market gardeners, and about the 
same number’ of employed farm 
workers A few of these are below 
voting age, quite a number are single, 
and the total strength of the voting 
force is probably under five thousand. 
We do not know exactly how these 


curtailed aid programmes to Uganda 
and Bolivia. 

On the grounds of development 
alone, Vietnam is regarded by the US 
as well as Britain as being: entitled to 
substantial aid. ‘But there is little 
charice of the US. supplying official 
aid in the near future. 1978 is an 
election year, and officials say that aid 
for Vietnam is too controversial an 
issue at present. 

Vietnam and the: US have not 
established diplomatic relations; both 
governments insist on certain precondi- 
tions before normal relations can be 
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people voted in the past, or how they 
will vote in the future. Large scale 
farmers are mostly’ traditionally Con- 
servative, the workers trade union is 
to the left of the Labour Party, many 
smallholders are Liberal in their 
sympathies, so the’ farming vote is 
likely to be split. But even if 100% 
turned out- for one candidate, the 
total would be less than half. the 
present member’s majority. : 

It is partly because their political 
power is so reduced that British 
farmers are making greater efforts to 
develop public interest and sympathy 
towards their problems. Many 
thousands of the, general public 
attended the recent Royal Agricul- 
tural Show, where various entertain- 
ments were provided as well as dis- 
plays of: traditional farming activities 
Up and down the country smaller 
county and district shows set out to 
cater for the non-farming - public, 
giving them an enjoyable day out 
and a painless education at the same 
‘time. The town dweller at least learns 
that milk does not originate in bottles 
and tins, and that their daily bread 


` comes from an arable crop which has 


its own pest.and disease problems 
A recent development. has been the 

organisation of “farm trails’. On a 

Suriday afternoon in late June I went 


í 


eoi ‘Senate ' officials have been 
assured, hdwever, that unofficial links 
between scientists and institutions will 
not be opposed. Some US scientists 
are not convinced, of the interest of 
Vietnamese scientists in such, ‘ex- 
changes; offers of ‘funding for study in 
the US have not. aroused much re- 
sponse, and Several ‘scientists . who 
visited Vietnam in the hope of studying 
the effects of herbicide spraying found 
the Vietnamese . unhelpful. Such an 
attitude, however, is not without its 
political overtones (see Nature 271, 
597; 1978). For this reason, some 





along to & large arable farm in the 
‘fens near <o my home. A conducted 
tour started off/every hour. I pei 


several miles on 


The cops, houek not yet ready 
for. harvest, 'were superb It was 
obvious :hat yields would be greatly 
above the national average. Those 
who crificise large farms for being 
unproductive, in yield per acre, should 
have been there. Hardly a weed re- 
mained in the crops, though ’ odd 
corners of fields were left uncultivated 
or planced with native trees and 
shrubs td encourage wildlife. Even a 
few hedges remained. This may be the 

“agribusiness” which many of my con- 
servationist friends so criticise, but 
we codd see how good farmers 
maintaim and improve the fertility of 
their soil, and even care for the 
countryside and for the conservation 
of wildEfe. In the depression in the 
nineteem thirties this farm was dere- 
lict, no one was prepared to work it 
even af the lowest rent. It is now 
producing enough food to feed all the 


populat:on of a small town, and its — 


yields continue to grow year after 
year The demonstration was evidently 
an exceMent exercise in public 
relatiors. 


scientists consider that it would be rash_ 
to prejudge the Vietnamese on their 
sensitivity over this issue. 

US and UK attitudes to aid to 
Vietnem are unlikely to have disastrous 
consequences for Vietnam’s current 
develcpment programme., There could 
be problems, however, if more 
counties adopt similar policies. In this 
case Vietnam’s scientists, „desperately 
struggling to overcome the ravages of 
war on their research programmes 
would be some of the first to suffer 
It is >olitical decisions which will de- 
termime the outcome. Alastair Ha 
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Nitrates and nitrites 


cannot be eliminated 


Sir,—The report that nitrite has induced 
cancer in animals is not surprising as 

it has long been known to be mutagenic. 
The benefits from the use of nitrite as a 
food adcitive may outweight the hazards 
that it presents as a mutagen and 
carcinogen. The amounts of nitrite in food 
either ‘naturally’ or as additives should 
obviously be kept to the minimum 
effective levels. Small amounts of nitrites 
and nitrates are formed by the electric 
discharge of lighting and it is difficult to 
avoid this contaminating drinking water. 

Nitrate is, however, formed by the 
decomposition of organic matter and 
indeed the nitrate used for gunpowder 
was made in this way until the deposits of 
Chilean saltpetre became available in the 
nineteenth century. In conditions of poor 
sanitation the nitrate formed by 
“decomposition of organic matter” 
including faecal residues will be a 
pollutant. In dry regions this is likely to 
be present in air as a fine powder and in 
moist areas as a water contaminant. 
Improvement in hygiene could therefore 
remove or reduce a carcinogenic hazard. 
Nitrite is, however, formed in the intestine 
by bacterial action (Tannenbaum, S. R.. 
Fett, D., Young, V. R., Land, P. D. & 
Bruce, W. R. Science 200, 1487; 1978) 
and it is difficult to see how this could 
be prevented. 

Nitrates are converted to nitrites in the 
body. Nitrites could be carcinogenic 
directly by reacting with the purine 

esidues of nucleic acid. They can also 
act by reaction with secondary or tertiary 
amines to form nitrosamines which may 
be metabolised by tissue enzyme to 
alkylating agents. 

The new findings increase the correlation 
between mutagenicity and carcinogenicity 
and indicate that exposure to nitrates 
and nitrites should be reduced although 
they cannot be completely removed. 

Yours faithfully, 
E, BOYLAND 
The Londan School of Hygiene 
and Tropical Medicine 


Foxing fungus 


Sır, —The interesting letter from Maynell 
and Newsam (3 August, page 466), 
confirming the suggestion that foxed 
paper has suffered from fungal attack, 
raises the question “Why was this form of 
deterioration called foxing?’’ The 
dictionary explanation is that the word 
refers to the brownish colour. If that were 
all, rusting would have been a more 
suitable word. I have often wondered 
whether it is merely a coincidence that 
several harmful effects, now known to be 
caused by fungal growth, are verbally | 
related to the fox. For example : fox-evil, 
now called alopecia from the Greek for a 
fox: wine fermented by a contaminated , 
yeast culture; and beer that has ‘gone off. 
Robert Graves argued somewhere 


that fox in the Bible is often a 
mistranslation of mushroom. For example: 
“Take us the foxes, the little foxes, 
that spoil the vines” (Song of Solomon 2 
15). He explained the extraordinary story 
(Judges 15 4,5) of Samson tying 
firebrands to the tails of pairs of foxes, 
and sending them off to burn the 
Philistine’s crops, thus: “he inflamed his 
soldiers by feeding them on mushrooms 
(? Amanita muscaria) and sent them in 
pairs to destroy the crops”. 

I wonder whether there could have been 
a similar confusion in other languages. 
The metaphorical use of fox to describe 
colour or cunning is understandable. 
The uses of the word that are discussed 
here predate recognition of the fungal 
category. Nevertheless, they all have some 
connection with observable growth. We 
get fox from a Teuton rather than a 
Latin root. Could there have been a 
confusion between the German wuchs and 
fuchs. In English, the f becomes a v in 
vixen. It would be interesting to know 
whether any scholarly person has thought 
about the matter. It’s not my subject. 

Yours faithfully, 
N. W., Prrie 

Harpenden, UK 


Compulsory boycott 


Sir,--Unlike many other people, I never 
intended to bovcott the Fourteenth 
International Congress of Genetics of 
Moscow, August 1978. I was very anxious 
to meet our Russian colleagues. Five 
communications from members of my 
department were accepted by the 
conference organising committee. Two of 
their authors had even been invited to act 
as co-chairman for some of the congress 
sessions. 

But the Soviet authorities refused to 
grant me an entry visa, without giving any 
motive. To show their solidarity, my 
collaborators decided to cancel their 
participation in the congress. 

In answer to my protestations made by 
telegram, I received (on 18 and 19 August) 
two calls from the organising committee, 
assuring me that there had been a 
technical mistake which would be rectified 
promptly. I was asked to wait for further 
information. I was still waiting, when 
the congress was almost at an end. 

Who has boycotted the congress? Not 1! 
But will my Russian friends hear of it? 

Yours faithfully, 
ANTOINE ELENS 
Namur, Belgium 


Making mincemeat of our 
common language 


Sir.-An American visiting Britain, and 
wishing to cook a hamburger (whatever 
its load of carcinogens) is in for a 
eastronomic surprise if he acts on the 
information given by my friend Tom Jukes 


(27 July, page 307). If, in an attempt 

to purchase ground beef he asks for 
mincemeat, he will receive “a mixture of 
currants, raisins, sugar, suet etc.” (see 
the Oxford Dictionary), the stuff we 
British use at Christmas to make the 
traditional mince pies. If he is lucky, there 
may even be some brandy in the 
mincemeat; a hundred years ago our 
more virile ancestors included steak, but 
fruit and sweet substances always 
predominated. 

The English synonym for ground beef 
is simply mince. The shopkeeper would 
understand what was needed if asked 
for minced beef. 

Yours faithfully, 
KENNETH MELLANBY 
Monks Wood Experimental Station, 
Abbots Ripton, Huntingdon. 


Marsh mallow grows 
in Britain 
Sir,—Rosemary Angel, in her review (4 
May page 79) of Majer Medicinal Plants; 
Botany, Culture, and Uses, takes 
the author, Julia F. Morton, to task for 
saying that marsh mallow is grown in 
gardens in Great Britain. “No, | am 
afraid it is not,” she says. Without 
wishing to be picayune, I feel I should 
say that it is. I have grown marsh mallow 
in two successive gardens, and it 1s one 
of the most beautiful plants I know. 
It is growing in my garden now. 
And I am well aware of the difference 
between common mallow, musk mallow, 
marsh mallow, and the others. 
Yours faithfully, 

Rogert K. G. TEMPLE 

Bridgwater, Somerset, UK 


Sex and cancer 


Sir,—In his review of A. C. Braun’s 
book, The Story of Cancer: On its 
Nature, Causes and Control, Richard 
Peto says, “. . . many, and perhaps 
most, cancers are caused by certain 
sexual habits, smoking habits, and gross 
aspects of diet rather than by 
contaminants.” 

For God’s sake, Peto, which habits? 
Are thousands, perhaps millions of 
human beings to perish through your 
reticence (or bashfulness}? 

And if—as can hardly be doubted-— 
the Regius Professor is correct, can he 
tell us which sexual habits of plants 
cause their cancers? Or which smoking 
habits? l 

Yours in fear and trembling, 
RALPH CHERNOFF 


Los Angeles, CA, USA 
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Thin films: present and future 


on Robert M. Hill 


TWENTY-FIVE years ago, as part of an 
undergraduate course, I was intro- 
duced to the world of thin films. In an 
evacuated bell-jar a sample of alumi- 
nium wire was heated up by a tungsten 
filament, the aluminium melted then 
vaporised and condensed on the cold 
surfaces of the bell-jar and on a micro- 
scope slide mounted in a holder. I think 
the rest of the experiment was to mea- 
sure the optical transmittance and 
reflectance of the semi-transparent 
metal film. The feature that caught my 
imagination was the extreme thinness 
of the metallic deposit, somewhat less 
than 30 atom layers. For the first time 
atomic dimensions were realisable, 
structures could be seen to grow and 
one could visualise the packing of 
atom layer on atom layer and investi- 
gate the physical effects of size down 
to angstrom dimensions. 

The same period of 25 years has seen 
an amazing growth in the technology 
of thin films. New methods of deposi- 
tion, or rather more correctly, improved 
techniques based on the development 
of old ideas have become available. 
a new range of instruments for inves- 
tigating the structure and properties 
of films have been developed and there 
have been major steps in our under- 
standing of the delicate processes of 
nucleation and growth, and of the 
effects of structure on the physical 
properties of films. A major step in the 
recognition of thin film science was the 
establishment, in 1966, of a journal. 
Thin Solid Films, specifically devoted 
to the publication of scientific papers 
on thin films and their properties. The 
journal has now brought out its SOth 
volume (gone are the days when 
volumes and years kept pace together) 
and has taken the opportunity of ask- 
ing the editorial board and contribu- 
tors to present their personal views 
of the past and of the future. Scientists. 
as we all know, are notoriously reticent 
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about forecasting the long term future, 
unless one manages to be party to a 
group relaxing together after a long 
day listening to interminable papers at 
a conference or summer school, and 
there Is little crystal ball gazing in this 
anniversary issue but there is an excel- 
lent set of individual views of the past. 
and particularly the present, state of 
the field. 

The methods of preparation of thin 
films are many. In this volume alone 
are descriptions of deposition by 
vacuum evaporation, chemical vapour 
deposition, ion beam methods, gaseous 
adsorption, photodeposition, plasma 
polymerisation, epitaxial overgrowths 
and the stacking of monomolecular 
layers. In principle it seems that any 
material, element, alloy or compound, 
can be grown in the form of a thin 
film. Indeed many alloys can be de- 
posited in metastable forms that are 
not known in the bulk. The most per- 
fect layers are those grown by epitaxy 
on single crystal substrates, a technique 
widely used in the preparation of elec- 
tronic devices where the interface 


between film and substrate, or between. 


two different films, of good crystal 
structure has to be sharp and well de- 
fined. Compound formation can be 
aided by vapour deposition in which 
chemical reactions are allowed to take 
place either in the vapour phase or at 
the growing interface. Much of the 
recent work on the electrical properties 
of amorphous semiconductors was car- 
ried out on thin film specimens in 
which the normal crystallisation pro- 
cesses were inhibited by holding the 
substrate at such a low temperature 
that the initial surface mobility of the 
vapour atoms was inhibited and hence 
the required non-crystalline form 
obtained. 

The wide range of uses of thin films 
is also clearly shown. The electronics 
industry is an obvious candidate in 
these days of planar technology but the 
dielectric properties of oxides and the 
low temperature coefficient of electri- 
cal resistance of both alloys and mixed 
metal/dielectric structures have heen 


made use of as capacitors and resistors 
for many years. A new area oF growth 
is that of integrated optic circuits in 
which ootical signals are processed as 
they pass along thin surface films of 
dielectrizs, equivalent to flat optical 
fibres. This is, in some ways, an exter- 
sion of ihe already long established use 
of thin films as blooming coatings on 
optical lenses and in multi-laver inter- 
ference filters. Here too there have 
been many recent advances and new 
problems uncovered particularly by the 
use of high energy density optical 
beams from laser sources, Twenty-five 
years ago the coating of the Mount 
Palomar reflector with aluminium was 

a maor task, how mans mirrors, 
prisms and lenses have received a thin 
film coating since then? 

In many areas the future prospect 
for th.n films looks good. Taking only 
two ezsamples the journal reports sieni- 
ficant advances in the thin-film-tran- 
Sistor and in film based solar power 
cells. By itself the t-f-t cannot compete 
with silicon technology bu: for a flat 
plate television display there is a need 
for a simple, cheap, mass produce, 
amplifying device at the end of each 
(x,y) coordinate. Here thin film tech- 
nology can play its part and the prob- 
lems that have been enceuntered in 
developing a reliable device are being 
overcome. The present Ingh cost of 
solar cells is primarily due to the single | 
crystal silicon used as the starting ma- | 
terial. In order to bring the cost down © 
to be comparable with that of con- | 
ventional power supplies by 1986, as | 
has been proposed. non-single crystal 
material will have to be used, and in | 
the form of thin layers. The jearnal 
reperts that thin film technologies _ 
should achieve the target on time. 7 

It will be interesting to see what 
is reported in the 100th volume of Thin 
Solal Films, Perhaps by that time 
scientists will not be so reticent about 
the future. For the preseat the Editors 
are to be congratulated in giving their 
authors the chance to icok round the 
feki and giving us an end of term r 
port. 
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Antibodies to probe development 


fron John K. Heath 


THe favoured method in recent years 
for investigating the cell surface of the 
early mammalian embryo has been the 
use Of antisera raised against specific 
embryonic tissue, or teratocarcinoma 
cell lines. 

The best characterised of these is 
probably the antiserum raised against 
the F9 tteratocarcinoma cell line 
(reviewed by Jacob Immun. Rev. 33, 3; 
1977). This antiserum reacts with a 
fairly restricted set of tissues; the pre- 
implantation embryo, the germ line 
and other teratocarcinoma cell lines. 
The fact that a particular antiserum 
reacts with a particular set of tissues 
is not in itself very informative about 
the role of the cell surface in the 
development of the early embryo. 
These reagents do however provide 
basic information on a population of 
cells at the molecular level, and often 
show that cells which are morphologi- 
cally homogeneous are unexpectedly 
heterogeneous in their expression of 
cell surface antigens. F9 antiserum, for 
example, reacts with nearly all F9 em- 
bryonal carcinoma cells (EC cells) but 
with many fewer, morphologically 
identical PCC4 EC cells (Seisner et al. 
Devi Biol. 61, 20; 1977). This and other 
observations are potentially important 
because ‘classical’ experimental em- 
bryology is usually based on histo- 
logical ana‘ysis, and has generally 
classified cells into morphologically 
discrete types. This has led to a ten- 
dency to view the cells in a developing 
organism as moving through rigidly 
defined discrete stages. The use of anti- 
bodies not only allows one to extract 
more information on the effects of 
classical embryological manipulations, 
but poses questions which would never 
have arisen if cell morphology alone 
were used as a guide. 

Conventional antisera can only be 
raised against those antigenic deter- 
minants which elicit sufficient response 
to produce detectable levels of anti- 
body in the serum. Many potentially 
interesting molecules therefore escape 
detection. Conventional antisera are 
also often a complex mixture of anti- 
bodies directed against different deter- 
muinants. 

The recent development of ‘hybri- 
“omas’—cell lines producing specific 
“nonoclonal antibodies—-provides a way 
mound these difficulties. If spleen cells 
From an immunised animal are fused 
“with a myeloma cell line some of the 
_ esulting hybrid clones secrete antibody 

irected against the original immuno- 
en (Kohler & Milstein Nature 256, 
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295; 1975). Each individual clone is 
descended from a single antibody- 
producing cell in the original animal 
and so makes antibody directed against 
a single antigenic determinant. These 
monoclonal antibodies promise to revo- 
lutionise the study of the early mam- 
malian embryo, amongst many other 
systems, They dispense with many of 
the technical drawbacks of conven- 
tional antisera, and allow one to find 
molecules hitherto undetectable on the 
cell surface. The first papers applying 
monoclonal antibodies to the study of 
the early mammalian embryo are now 
available (Stern et al. Cell 14, 775; 
1978; Willison & Stern Cell 14, 785: 
1978) and many more will doubtless 
follow. The results of these studies 
again show up unexpected differences 
in the expression of cell surface mole- 
cules, which might not have been pre- 
dicted by classical experimentation. In 
making hybrids between spleen cells 
and myelomas one is effectively samp- 
ling the whole antibody response to a 
complex immunogen, and it is there- 
fore possible to make antisera directed 
against very minor determinants in a 
population of cells. Indeed, the original 
immunogen used by Stern et al. was a 
preparation of lymphocytes, partially 
enriched for T cells. One of the 
clones resulting from the fusion made 
a product which reacted with a minor 
subpopulation of lymphocytes (about 
2%) but reacted with EC cells to a 
much greater extent. This illustrates 
the value of screening the products of 
hybrids against a panel of cell types 
other than the original immunogen. 
Further investigation showed that the 
antibody produced by this particular 
clone reacted with sheep red blood 
cells, brain and kidney as well as with 
some somatic component of the testes. 
The species and tissue distribution 
suggested that this antigen was similar 
to Forssman antigen, and the case for 
this was strengthened by the observa- 
tion that the antigenic determinant was 
carried on a glycolipid molecule. 
When attention was turned to the 
preimplantation embryo however, the 
distribution of this single determinant 
turned out to be most unusual. The 
determinant first appeared on the late 
morula stage (16-32 cells), but could 
not be found on all embryos. The 
amount of staining increased as the tro- 
phectoderm formed, but again not all 
trophectodermal cells reacted with the 
antiserum, and there was no obvious 
pattern of reactivity common to all 
embryos. In some cases it appeared as 
though only one or two cells in the tro- 
phectoderm carried the determinant. 
If the embryo was allowed to grow out 
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in culture (mimicking the process of 
implantation) the determinant dis- 
appeared from the trophectoderm com- 
pletely. 

The strange distribution of this deter- 
minant does not fit in with any pre- 
conceived notions of trophectodermal 
formation or differentiation. It is pos- 
sible that the expression of this 
determinant is related to the cell cycle, 
or that the molecule is perhaps some- 
how masked in the cell membrane. In 
any case these findings call for a 
number of experiments which would 
not even have been conceived or made 
possible without antibodies. 

Many embryologists believe that the 
cell surface has an important role in 
development. There is, unfortunately, 
very little direct evidence to comfort 
them. Perhaps monoclonal antibody 
technology will not only stimulate ex- 
periments to reassure the faithful, but 
help to challenge a number of long 
held beliefs about developmental 
proceses in general. g 


History of biology 
at the Naples 
Zoological Station 


from Robert Olby 


Few biologists can be unaware of the 
important contribution which the 
Stazione Zoologica di Napoli has made 
over the years since the first visiting 
scientist came to work there in 1873. 
As Theodor Boveri declared-—“How 
many prosperous investigations, how 
much jov of discovery, has this house 
known!” Established by the wealthy 
German zoologist and student of the 


origin of the vertebrates, Anton 
Dohrn, the station was intended to 
foster internationally the study of 


marine organisms. As an enthusiast for 
the Darwinian theory, Dohrn believed 
that comparative studies of the devel- 
opment of higher and lower marine 
organisms would provide the key to the 
phylogeny of the vertebrates. In fact 
the Station has been the site for re- 
searches of very wide significance in a 
variety of fields. They include Boveri’s 
classic researches into  nucleo-cyto- 
plasmic relations and the individuality 
of the chromosomes in the sea urchin 
egg, and Otto Warburg’s measurements 
of the respiration rate of eggs before 
and after fertilisation, a landmark in 
the introduction of physiology into 
development biology. Others who car- 
ried out researches at the Station were 


* Held at the Naples Zoological Station Annexe 
on the island of ischia from July 1-15. 
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August Weismann, von Uexküll, T. H. 
Morgan, E. B. Wilson, Albert Szent 
Gydrgji, Jean Brachet, Marcel Florkin 
and J Z. Young. 

Anton Dohrn had financed the 
Station from four sources—receipts 
from visitors to the Aquarium (then as 
now housed in the Station) contribu- 
tions from Institutes and governments 
who rented ‘working places’ for visiting 
members from. their institutes, pro- 
ceeds from the sale of preserved marine 
animals, and contributions from 
patrons. This: private status of the 
Station came to an end as a result of 
reorganisation under a new Admin- 
istrative Council formed in 1975. Two 
directors have served under this Coun- 
cil, Alessandro Barlaam and the 
present director, Alberto Monroy. 

Both directors were aware of the 
importance. of the archival material at 
the Station Several years ago the archi- 
vist Christiane Groeben sorted and 
catalogued the scientific correspon- 
dence, photographs, and other docu- 
ments with the aid of funds from the 
Dohrn. family Foundation and the 
Deutsche Forschungsgemeinschaft In 
1974 an exhibition of this material was 
held at the Station; copies of the ex- 
cellent catalogue are still available. 

As the existence of this remarkable 
collection of some 15,000 letters is be- 
coming more generally known 
Groeben’s task is growing. The his 
torical work of the Station is being 
expanded with the formation of a 
Research Group consisting of Ber- 
nardino Fantini of the Institute of 
Genetics in Rome, Christiane Groeben 
and the Station’s librarian Walter 
Groeben. 

The aim of the group is to promote 
the history of embryology, cell biology, 
biochemistry, neurophysiology and 
taxonomy, with special attention to the 
social and cultural role of research 
institutes. In addition to the organis- 
ation of the scientific correspondence at 
the Station, scientists who have had 
connections with the Station will be 
interviewed. It is planned to start with 
J, Brachet, A. Monroy, G Montalenti, 
M. Aloisi and J. Z. Young. 

At the first of a proposed senes of 
biennial summer schools, this year on 
biochemical and molecular embry- 
ology*, Jean Brachet gave a spirited 
account of his involvement in chemical 
embryology The ways in which the 
subject of the distribution of nucleic 
acids in the cell: was affected by the 
lack of congruence between the dis 
ciplines of biochemistry and histo- 
chemistry, and the impact this had on 
his scientific career came over clearly. 





Robert Olby is in the Division of the 
History and pha of Science at the 
University of Leed 
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Petrified cotton? 
from F. L. Vogel and J. N. Zemel 


A NOVEL material has just made its 
debut which provides an artificial 
counterpart to natural petrified ma- 
terials which preserve the fine detail 
of the original perishable structure. 
Natural petrified wood for example, 
is formed when the original wood is 
infiltrated by silicious matter which 
converts it into a stony substance pre- 
serving the original structure. There 
are no comparable processes used in- 
dustrially that convert organic ma- 
terials to a more permanent form. 
The recent paper by T. L. Ward and 
R. R. Benerito (Thin Solid Films 53, 
73; 1978) is therefore particularly in- 
teresting. They describe the unusual 
transformation of ordinary cotton 
fibre into a glassy material re- 
miniscent of the permineralisation of 
wood. 

. In the Ward-Benerito process, cot- 
ton fabric is first soaked in a sodium 
plumbite solution after which it is 
dried, placed on a glassy substrate 
and heated to temperatures as high 
as 600 °C. During heating, the treated 
cotton initially carbonises to a black 
colour. As the temperature is raised, 
it picks up silicious material from the 
substrate and becomes yellow. At 
600 °C the carbon skeleton is impreg- 
nated with silica and is converted to 
a glassy substance reproducing details 
of the original fabric. The authors 
demonstrated the results of this pro- 
cess many artefacts including 
labels and decorations on bottles, ad- 
hesives between glasses and free 
standing thin films. 

These results are interesting as they 
indicate the existence of a novel 
material Still more interesting per- 
haps is the origin of the process which 
produces it. Ward and Benerito 
examined the composition of the 
plumbite-treated material using a 
variety of analytic techniques such as 
X-ray diffraction, optical and electron 
microscopy (TEM and SEM), ESCA, 
EDAX, DTA, X-ray fluoresence and 
atomic absorption. These studies in- 
dicated that lead was uniformly dis- 
tributed in both the unheated and the 
transformed cotton. Furthermore, it 
was Observed that the residual carbon 
concentration in the charred cotton 


His modest description of his work as 
the correction of a series of errors was 
accompanied by his strong claim for 
the importance of his work on the 
transmission of information from,DNA 
to the site .of protein synthesis by 
long-lived RNA molecules. . His state- 
ments on this subject are to be found 
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was six carbon atoms to one lead 
atom. Since lead is not known to form 
a carbide, this result may be taken 
as an indicaticn of an interstitial or 
intercalation compound described in 
a recent popular review (Fischer & 
Thompson Phys. Today July, 1978). 
This conjecture is supported by the 
following observations. 

When cellulosic materials are 
charred, a hgh defected hexagonal 
layered structare forms. While this is 
not a true graphite, it may be suffi- 
ciently similar that some degree of 
intercalation -3 possible. 

The proces: of interstitial insertion 
can in itself -mprove the crystal per- 
fection of che hexagonal layered 
structure resulting in a closer ap- 
proach to a graphitic material. 

The relatively low temperature of 
the process siggests that the diffusion 
occurs by an interstitial mechanism 

Silicates are known to’ form layered 
compounds, >ne common example of 
which is mica. 

The mechanism suggested by this 
combination of facts is that inter- 
calation of lead separates the spacing 
between the roughly formed hexa- 
gonal layers sufficiently to allow inter- 
stitial diffusion of the  silicious 
materials from the substrate. 

Neither the ‘petrified cotton’ nor 
the process to produce it arose in 
response to a stated need. As such, it 
ts a fascinating example of a funda- 
mental study of a technical substance. 
Since long term stability of cellulosic 
materials sich as wood, paper and 
cotton is nctoriously poor, it might be 
expected that permineralisation of 
these subztances by the Ward- 
Benerito technique could be used. 
Diverse examples of this would in- 
clude dociment preservation, con- 
verted wocd as a decorative building 
material, or lacy objets d’art that 
could be produced no other way. As 
with any new material, uses will 
probably >e found that cannot be 
foreseen ar this early stage. 


F. L. Vogel and J. N. Zemel are in the 
Departmert of Electrical Engineering 
and Science, University of Pennsylvania. 


in his Weizmann Memorial Lecture, 
The Biological Role of the Nucteic 
Acids, de ivered in April 1959 and pub- 
lished ir 1960. The discovery of 
soluble RNA and microsomal RNA 
did not solve what “for the geneticist 
and immunologist [was] the major 
problem”, wrote Brachet, ‘‘the ki. 
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anism of specific protein synthesis.” 
Such a mechanism could be visualised 
if :t were assumed that the “nucleus 
produced an intermediary substance 
involved in protein synthesis; there is 
litt doubt that this intermediary is 
RNA...”. In contrast to the 
Escherichia coli model with a short- 
lived messenger, Brachet’s model, based 
on the alga Acetabularia, necessarily 
assumed a long-lived messenger, be- 
cause of the long duration of protein 
syntresis in enucleated fragments, and 
this model represents more closely than 
the E. coli model, the situation in 
highzr organisms. 

Reading Brachet’s Weizmann Lec- 
ture today one is struck by the scat- 
terec distribution of specific statements 
on the nature of ‘template’ (that is 
messenger) RNA. This may in part 
accownt for the lack of appreciation of 
these Acetabularia studies in the his- 
tory of molecular biology. 

The relation between chemical struc- 
ture and morphological organisation 
was explored in several papers, most 
notable of which was the one by 
Jacques Roger of the University of 
Paris. He outlined the early history of 
the concept of an ‘organic substance’ 
as a state of chemical combination re- 
sponsible for vital phenomena indepen- 
dent cf any morphological organisation 
in the anatomist’s and microscopist’s 
sense of the word. The concept of a 
glutineus, mucilaginous, albuminoid., 
and later a colloidal substance can, 
Roger claimed, be traced back to this 
organic substance. Equally, the claim 
that the chemist can study this sub- 
stance to the advantage of our under- 
standing of vital phenomena can be 
traced back to eighteenth century writ- 
ings on the organic substance-—-those 
of Bourguet, Buffon, Rouelle, Venel 
and Lamarck. In other papers the im- 
portance of the recognition of definite 
limits to the miniaturisation of mor- 
phological structures was stressed. 
Maxwe! in 1875 was the first to assert 
that the dimensions of protein mole- 
cules set a lower limit to the postu- 
lation ef such organised particles as 
the germmules introduced by Charles 
Darwin in his hypothesis of pangenesis. 
Fantini emphasised the novelty of the 
concept of three-dimensional, spectic 
Structure in macromolecules deter- 
mined by sequence, and he contrasted 
this with the vaguer conception of 
shape tc be found in colloid science. 

The establishment of this Research 
Group im Italy is an important event in 
the histcry and philosophy of science. 
Hitherto work in the subject has 
tended «o be dominated by Anglo- 
American activities. The programme 
initiated by the Research Greup should 
not only act as a catalyst to the growth 
of the subject in Italy, but should also 
stimulate such work in the area of the 
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life sciences, as befits a group as- 
sociated so closely with the inter- 
national activities of the Zoological 
Station. CJ 


Globular clusters 
from Virginia Trimble 


THe globular clusters comprise the 
oldest stellar population readily avail- 
able to us for study. They ought, 
therefore, to be able to provide the 
answers to various questions in galactic 
and stellar formation and evolution— 
if only we knew which questions to ask. 
The chief difficulty lies in deciding 
whether they are the rare (about 10‘ of 
the observed mass in the Universe) 
survivors of a population of once- 
common, fundamental building-blocks 
from which larger units (galaxies and 
clusters) have arisen, or the products 
of early fragmentation in previously- 
existing gas clouds that we might call 
protogalaxies. 

Uncertainty on this basic point 
underlay and sometimes befuddled dis- 
cussions of new observations and cal- 
culations at a recent NATO Advanced 
Study Institute on Globular Clusters.* 
For instance, the average heavy- 
element abundance of a population of 
globular clusters increases with the 
mass of the galaxy to which it is 
attached (S. van den Bergh), and, with- 
in at least the Milky Way and the 
Andromeda Galaxy, abundances range 
systematically from nearly solar at the 
centre, through a steep decline 5-10 
kpe out, to one-twentieth of solar or 
less in the halo (with large scatters at 
all positions; L. Searle). But is this 
trying to tell us something about how 
star-formation rates (and, therefore 
heavy element production) depends on 
gas density or something about how 
dynamical friction juggles units of 
varying mass and degree of central 
concentration? 

Dynamics of stars within individual 
clusters can be considered almost with- 
out regard to their origins, because at 
least the inner parts are relaxed. The 
identification of seven X-ray sources 
(including five bursters; W. Lewin, G. 
Jernigan) with globular clusters lends 
extra urgency to calculations of core 
evolution and collapse (L. Spitzer), 
although recent estimates of the surface 
area required to produce the bursts 
and the relative timing of optical and 
X-ray emission in one burst now 
strongly suggest that the source is an 
accreting neutron star rather than a 
massive black hole formed by core 
collapse. Core evolution may still have 


*Held on 7-18 August at the Institute of 


Astronomy, Cambridge. 
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to be invoked to put a neutron star 
into a suitable X-ray-producing binary 
system, as it becomes increasingly clear 
that the clusters are deficient (relative 
to stars in the galactic disk, at least) 
in binary systems over a considerable 
range of parameters (J. Gunn, R. 
Griffin, M. Liller, E. Budding). But all 
is not lost, even if core collapse never 
occurs (J. Katz), as it may be possible 
to get the cbserved X-ray flux from 
single neutron stars occasionally passing 
through the stellar winds of red giant 
stars (A. Fabian). The amount of 
ambient gas implied by this is well 
below the 0.1-10M seen or set as 
upper limits from HI and HII studies 
of several clusters (G. Knapp, W. 
Liller). Some of these limits are, how- 
ever, uncomfortably low for standard 
theories of mass loss from evolving 
stars and gas escape from clusters (D. 
Faulkner). | 

Progress has been made on several 
traditional, vexing. rather technical 
issues. The wide giant branch in œ Cen 
is undoubtedly to be attributed to real 
abundance variations. and because CN 
line strength is generally correlated with 
Ca, Fe, and Sr abundances (J. Norris), 
the variations must have been intrinsic 
to the gas from which the stars formed, 
and not just produced by mixing with- 
in individual giants. Real variations in 
CNO abundances occurring among and 
within other clusters (especially 47 
Tuc; A. Rodgers), are not always 
uniquely correlated with variations in 
Fe and heavier elements (J. Frogel, 
E. Persson), and may also be primordial 
(R. Kraft); but they are not the whole 
answer to the traditional ‘second para- 
meter’ problem. 

The second parameter(s) is whatever 
is responsible for the lack of the 
theoretically-expected correlation of 
the appearance of a clusters HR 
diagram with its heavy element 
abundance. The most conspicuous 
effect is the occurrence of both red 
and blue horizontal branches in metal- 
poor clusters, especially in the outer 
parts of the galaxy (R. Zinn), when 
only blue ones would be expected. High 
CNO (either primordial or mixed up 
from the core) would cure this, but 
CNO cannot deal (V. Castellani) with 
a more subtle effect seen in some far- 
halo clusters (R. Schommer) in which 
the red-giant branch is too red for the 
metal abundance implied by the main- 
sequence turn-off point and integrated 
cluster spectra. HR diagram mor- 
phology is also affected by helium 
abundance, cluster age, mass loss from 
red giants, and stellar rotation. It will 
probably be necessary to include the 
contributions of at least two ‘second 
parameters’ to match the full range of 
observed HR diagrams. Rotation is ap- 
parently also important (A. Sweigart) in 
finally making it possible to under- 
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stand how processed material can be 
mixed up from the hydrogen-burning 
region to the surface of low mass stars 
by means of meridional circulation. 
No consensus now seems possible on 
the meaning (or, in some cases, even 
the reality) of colour and abundance 
gradients within clusters other than 
o Cen (K. Freeman; M. Chun; G. Da 
Costa). The question of whether or not 
the absolute brightnesses of RR Lyrae 
variables are correlated with their metal 
abundances is ‘controversial.’ It is im- 
portant because these stars are one of 
our standard candles, whose brightness 
partially determines the extragalactic 
distance scale, and so Hubble’s constant 
and the age of the Universe. W. Liller 
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Virginia Trimble is at the Astronomy 
Program, University of Maryland. 


and V. Clube strongly advocated a 
relationship (partially based on recent 
photometry by B. Carney) in which the 
RR Lyraes in clusters of lowest metal 
abundance are about one magnitude 
fainter than those in clusters of high Z. 
A constant brightness for these stars, 
independent of cluster composition, 
was equally strongly supported on both 
observational and theoretical grounds 
by P. Demarque, R. Kraft, and 
F. Hartwick. 

The various problems of globular 
cluster astronomy are probably in as 
good shape as we can expect, consider- 
ing that (although some of the clusters 
were recorded by Messier) the first 
classification of them by radius and 
central concentration was begun only 
about 50 years ago by H. Sawyer Hogg, 
who was an active participant at the 
Institute. 


Bacterial gene into monkey cells 


from John Jenkins 


OnE of the long term aims of genetic 
engineering recently came a step closer 
to reality, with the stable propagation 
in mammalian cells of a hybrid DNA 
molecule containing a mammalian 
tumour virus chromosome and a bac- 
terial gene. The successful development 
of such vectors for introducing and 
propagating genes in mammalian cells 
offers the hope of eventually being able 
to study the control of expression of 
eukaryotic genes in a system not too 
far removed from their natural environ- 
ment. Even further in the future 1s 
the possibility of using such vectors to 
introduce particular genes to correct 
inborn genetic defects. 

The idea itself is not new. In 1972, 
Jackson et al. (Proc. natn. Acad. Sct. 
U.S.A. 73, 2904; 1972) described the 
construction of a hybrid molecule from 
simian virus 40 (SV40) and _ bacterio- 
phage A DNA, and such hybrids can 
replicate in suitable host cells (Ganem 
et al. Cell 7, 349; 1976). The problem is 
that replication of the hybrid virus 
kills the host. A new development gets 
round this problem by tailoring or 
‘crippling’ the SV40 so that the genes 
responsible for cell death are cut out 
before the hybrid is made. 

SV40 can behave in two different 
ways when it infects a cell, and its 
genome can be divided into two regions 
on this basis. In rat cells, the entire 
virus genome is inserted into the host 


John Jenkins is working in the Nucleic 
Acid = Laboratory, Imperial Cancer 
Research Fund, London. 
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chromosome and the cells change many 
of their growth characteristics. This 
transformation requires the expression 
of only about half the SV40 genome 
making up what is known as the early 
region. The second type of infection, 
of monkey cells for instance, requires 
expression of most of the genome. In 
this case, the remainder of the viral 
genes are functionally expressed and 
about 36h after infection mature virus 
particles appear, followed by the lysis 
of the host cells. Cell types that sup- 
port this lytic cycle of infection are 
termed permissive, while those which 
transform but fail to produce mature 
virus are called nonpermissive. 

In order to cut out the genes respon- 
sible for lytic infection, (Hamer et al. 
J. molec. Biol. 112, 155; 1977) cleaved 
the circular virus DNA at two points 
within the late region, using the restric- 
tion enzymes Hpall and EcoRI. The 
large fragment from this, containing 
the origin of DNA replication and the 
early region genes, was ligated to a 
DNA fragment containing an E. coli 
tRNA suppressor gene. In order to get 
large amounts of the hybrid DNA it 
was necessary to first grow it up in 
monkey cells in the presence of a 
helper virus which possessed functional 
late region genes. Purified hybrid DNA 
from this lytic cycle was then used in 
the present series of experiments 
(Upcroft et al. Proc. natn. Acad. Sci. 
U.S.A. 75, 2117; 1978). 

The hybrid DNA was found to trans- 
form nonpermissive rat cells, and 


analysis of total cellular DNA from onuid he 3 x 
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infected cultures showed the presence 
of about three copies of non-integrated 
hybrid genome per cel Some copies 
might have integrated with the host 
DNA and been maintained as such 
but the evidence for this was not con- 
clusive. Infected morkey cells, which 
with wild type SV40 support the pro- 
duction of mature virus, were found to 
contain amounts cf nonintegrated, 
superhelical hybrid DNA which was 
stably propagated when the cells were 
cloned. 

There are several advantages to this 
system of nonlytic propagation usinga 
crippled vector. First, the recombinant 
DNA is never expressed as an infec- 
tious virus particle simply. because it 
does not possess the necessary genes, 
This satisfies some of the safety con- 
siderations involved in this type of 
work. Second, since assembly of a 
complete particle is not needed, the 
amount of DNA that can be ‘carried’ 
on the SV40 vector is probably im- 
creased, and third, the host cells remain 
viable, which offers the chance of long 
term studies or the maintenance and 
expression of ‘foreign’ DNA sequences 
in a mammalian system. 

Hamer ef al looked for expression 
of the bacterial gene in the original 
lytic infection and found that although 
the sequence was transcribed into 
RNA, no fuactional supressor (RNA 
was detectab’e. This is not surprising 
in view of the different types of pro- 
cessing of tRNA that probably take 
place in bacterial and eukaryotic cells 
(Knapp et al Cell 14, 221; 1978; O’Far- 
rell et al. Nature, X14, 438; 1978). This 
may not be a problem when the gene 
‘insert? is from a more closely related 
donor. Rumour has it that correct 
transcription and expression of globin 
genes cloned in an SV40 vector in 
mammalian cells has been achieved in 
Paul Berg’s laboratory at Stanford. 

There cre a variety of sequences that 
could usefully be worked on in a sys- 
tem of fhis kind, but many of them 
will probably have to wait until more 


has beer done to reduce the possible. 


hazards of working with a tumour 
virus. The vector in these experiments 
could will transform cells. and it may 
be necessary to remove this ability 
before the SV40 is sufficiently 
‘crippled’ to use with genes that might 
confer a selective advantage on the 
hybrics. 

Other routes exist for getting genes 
into mammalian cells. for example. by 
cell fusion and selection (Szybalsk: 
et ak. Natn. Cancer Inst. Monogr. T, 
75: +962: Littlefield Science, 148, 709; 
1964) and such genes may be expressed 
in adult animals (TIlmensee er al, Proc. 
nate. Acad. Sci. USA. TS, 1914: 
1973). But in terms of simplicity and, 
flexibility the tumour virus vector, 
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Forty years of plant 
mitochondriology 


from A. L. Moore 


Ir has taken approximately 40 years 
since the first paper was published 
describing their oxidative capacities 
for a symposium to be held specifically 
devoted to plant mitochondria.* 

Although the cytochromes of plant 
mitochondria are spectrally and func- 
tionally similar to those of animal 
mitochondria, there is still confusion 
about the role of the multiple b 
cytochromes in electron transport. 
B T. Storey (University of Pennsylva- 
nia, Philadelphia) suggested that 
cytochromes 6-556 and 6-560 are part 
of the respiratory chain whereas 
cytochrome 5-565 only associated with 
the main chain in the energised state 
and in the presence of antimycin A. 
This suggestion was based upon the 
kinetic behaviour of 5-565, in particu- 
dar its complex oxidation/reduction 
kinetics during coupled substrate 
oxidation. However a few papers were 
presented which disagreed with this 
interpretation and it was suggested 
that a possible Q-cycle mechanism 
could explain the complicated nature 
of 6-565 reduction under oxidative 
conditions. 

P. R. Rich (University of Cambridge) 
gave a detailed analysis of the para- 
magnetic centres associated with higher 
piant and poky N. crassa mitochondria. 
Of particular importance was the find- 
ing that no EPR-detectable component 
was directly attributable to the alter- 
native oxidase and furthermore it was 
suggested that there is no evidence for 
a direct involvement of iron sulphur 
centres or transition metals in a 
paramagnetic state in the terminal 
oxidation system. Although the HiPIP 
and ferredoxin-type centres are an- 
alogous to their mammalian counter- 
parts, an EPR signal characteristic of 
a high-spin ferric iron with a g value 
at 4.3 was independently reported by 
Rich and M.-F. Henry (University of 
Amsterdam). Henry presented evidence 
in favour of this iron-containing 
protein’s being involved in the cyanide 
insensitive respiratory pathway al- 
though the redox behaviour of this 
signal under conditions in which the 
alternative oxidase was operating was 
questioned. Obviously further work on 
the function of this component is 
required before its possible role in 
alternative oxidations can be better 
_ understood, 

The topic which generated much 
interest and led to lively round-table 
discussions was the relationship 
Between the malate oxidoreductases 







The First International Symposium on Plant 
tochondria was held at the Luminy campus m 
farseiiies an 31 July-4 August. 
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and NADH dehydrogenases, The pro- 


cess of malate oxidation is much more 
complex in plant than in animal mito- 
chondria, Malate can be oxidised by 
two malate oxidoreductases and the 
NADH produced may be oxidised by 
at least four different NADH dehy- 
drogenase systems. One of these 
dehydrogenases is located on the outer 
surface of the mitochondrial inner 
membrane. 

Although there is general agreement 
that the oxidation of malate is 
mediated by an NAD?*-linked malic 
enzyme and malate dehydrogenase, the 
exact location of these enzymes is still 
controversial. J. M. Palmer (University 
of London) took the view that the 
oxidation of malate can provide NADH 
for oxidation by both the internal and 
external NADH dehydrogenases and 
that malate reduces external NAD* 
primarily by the activity of externally 
located malic enzyme and malate 
dehydrogenase. In contrast, however, 
J. T. Wiskich (University of Adelaide) 
supported the view that the external 
NADH dehydrogenase was not in- 
volved in the oxidation of malate in 
the absence of added NAD whereas 
in its presence a transmembrane trans- 
hydrogerase has been postulated to 
operate, which is considered to transfer 
reducing equivalents from internal 
NADH te external NAD thus connect- 
ing internal malate oxidation to the 
external dehydrogenase. D. A. Day 
(University of California) presented 
evidence on the malic enzyme distribu- 
tion in potato mitochondria from which 
he concluded that malic enzyme is not 
present in the intermembrane space of 
these mitochondria and furthermore 
that all malate oxidation occurs in the 
matrix. Perhaps in this respect, the 
most interesting findings reported at 
this symposium were the detailed in- 
vestigations of M. Neuburger (Univer- 
sité de Grenoble) on the transport of 
NAD* through the inner membrane 
of purified mitochondria. Convincing 
evidence was presented which indicated 
that highly purified intact plant mito- 
chondria possess a NAD-translocator. 
Most workers readily agreed that the 
existence of such a carrier would ex- 
plain many of the conflicting reports 
in the literature on malate oxidation 
and the further characterisation of this 
carrier is eagerly awaited. 

The sessions on the molecular and 
cellular aspects of cyanide resistant 
respiration attracted considerable atten- 
tion. The exact nature of the alter- 
native oxidase has remained elusive for 
many years. However, as W. D. Bonner 
(University of Pennsylvania, Philadel- 
phia) pointed out, a considerable 
amount of evidence has accumulated 
which allows a fuller understanding of 
its branchpoint from the main respira- 
tory pathway and the nature of the 
products of the alternative oxidase with 
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oxygen. Bonner suggested that a 
modified protonmotive ubiquinone 
cycle satisfies the kinetics of cyto- 
chrome interactions, and that the 
alternative pathway accepts electrons 
non-protonmotively from this cycle. 
This proposal suggests that a pool of 
ubiquinone in the succinic dehydro- 
genase region of the respiratory chain 
is performing as the branchpoint for 
the alternative pathway. Bonner con- 
cluded that the alternative oxidase 
could either be a species of ubiquinone 
or an EPR-silent metalloprotein that 
facilitates the reaction of the ubiqui- 
none species with oxygen. In this 
regard a great advance in our 
knowledge of the nature of the 
alternative oxidase was obtained from 
the studies of Rich and S. Huq 
(Imperial College, London) who 
presented results on the isolation and 
partial purification of the alternative 
oxidase from Arum maculatum. Both 
workers used a hydroxamic acid- 
sensitive quinol oxidation as an assay 
for the oxidase. Remarkably, Rich 
found that in a deoxycholate solu- 
bilised preparation the quinol oxidase 
activity remained very stable, which 
seems to suggest that the lability 
of the oxidase in intact mitochondria 
may be due to the connection between 
the dehydrogenases and oxidase, and 
not the alternative oxidase itself. Both 
preparations contained minimal 
amounts of cytochromes aa:, c and b. 
It was of particular interest to note 
that the overall product of oxygen 
reduction by the quinols was water. 

A. M. Lambowitz (University of St, 
Louis) reviewed the current status of 
the biosynthesis of the alternative 
oxidase in Neurospora mitochondria. 
An important development in this area 
has been the isolation of antimycin- 
sensitive mutants with defects in the 
biosynthesis of the alternative oxidase. 
All cytochrome system activities seem 
unaffected in the mutants and the only 
apparent defect is in the induction of 
the alternative oxidase. Lambowitz 
suggested that the results indicate that 
there are at least two polypeptides 
unique to the alternative oxidation 
system. B 





A. L. Moore is a Rank Prize Research 
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Erratum 
| In the article ‘Halogenated hydrocarbon 
| effects (News & Views 274, 533: 1978), 
in the last paragraph, column 1, on 
page 534, the first line should read 
“Both the PCBs and the polybromin- 


ated biphenyls (PBBs)} induce hepatic 


the second paragraph, 
column 2, line 4 ff. should read | 
“Poland . . believes this to be a 
receptor for TCDD and consequently 
for other inducers of aryl hydrocarbon 
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hydroxylase ...”’. 


effects”. In 
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ASSESS II: a simulated mission of Spacelab 
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ASSESS II, a joint exercise of NASA and ESA, was set up to enable scientists to become accustomed 
to an atmosphere -free, gravity-free working environment. This simulation of Spacelabs conditions 
has provided new data and a valuable insight into the possibilities and limitations of such a mission. 


IN THE 1980s many scientists in Europe and the USA will be 
able to fly experiments in space using the Spacelab now under 
development by the European Space Agency (ESA). The 
experiments will cover a wide range of disciplines and will often 
fly on a single mission together with equipment for engineering 
and industrial applications. It is important for would-be 
experimenters, and ESA, to learn early those operational 
techniques specific to Spacelab which will enable scientists to 
gain maximum benefit from its advantages of an atmosphere- 
free and gravity-free environment. 

In 1975 NASA and ESA conducted a joint exercise, 
ASSESS I, using a Convair 990 research aircraft, the Galileo 
H, belonging to NASA’s Ames Research Center, in a preli- 
minary simulation of a Spacelab flight. Four scientists were 
confined to the aircraft for a week, during which six research 
flights were conducted, with a multi-experiment payload (three 
USA and three European), aimed at astronomy and strato- 
spheric studies. The results of ASSESS I were encouraging, in 
that they showed how experimentalists with only a few weeks’ 
specialised training could act as proxy operators (payload spe- 
cialists) for a range of experiments not necessarily from their 
own fields of research. However, the project was assembled 
rather hastily, and was not as realistic a simulation as desired. 
Experiments were not organised ergonomically into a payload, 
making the work of the payload specialists exceptionally 
difficult. No attempt was made to use a common integration 
site, with specially prepared ground support equipment, and 
the ADDAS onboard computer system for handling scientific 
data could not be used satisfactorily because of lack of time to 
prepare and check software. 

ASSESS II, flown in mid 1977, aimed to improve the realism 
of the simulation, and provide another chance for scientists to 
acquire new data. The same aircraft was used, with six Ameri- 
can and six European experiments on board, run by four pay- 
load specialists. The mission was longer, with nine research 
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flights each of 6-h duration carried out in a 10-d period. Pay- 
load specialists were confined within the aircraft, or in a jux- 
taposed sleeping trailer, communicating to the outside world 
only by telephone or radio. Here we describe how the mission 
was organised, and present some of the initial data from the 
European experiments. 


Choice of experiments 


The ESA selection committee based its choice of experiments 
to fly on (1) its scientific value; (2) the state of experimental 
readiness; there was just over a year between experiment 
selection and flight, so it was sreferable to use an experiment 
which did not have to be buik up from scratch: (3) its ease of 
operation: using payload specialists to run three experiments 
each, some highly complex, meant avoiding apparatus with 
many fine tuning adjustmen:s, switches to throw continually, 
and widely separated pieces, and (4) the similarity to the types 
of experiments envisaged fo~ Spacelab. 

The full complement was chosen for mutual compatibility to 
avoid, as far as possible, clashes in the mission timing and 
trajectory plans. The selected experiments were: A threefold 
infrared astronomy expersnent, based on a 32-cm infrared 
telescope (Meudon). This carried a continuum photometer for 
observing interstellar dark clouds (Groningen), and a line 
spectrometer for interstellar sulphur in HH regions (Garching); | 
a television camera to study infrared airglow from noctilucent | 
terrestrial clouds (Southampton); a sub-millimetre spectro- ] 
photometer to measure the Sun's chromospheric brightness] 
temperature (Naples—Florence); a LIDAR system to measure] 
aerosol distribution in the troposphere (Oberpfaffenhofen)4 
medical probes to study diurnal and stress-induced behavioug 
of the payload specialists (Bad—Godesberg); and test equip 
ment to study the electromagnetic environment. and beg 
remedy earthing problems (Noordwijk). (This was operated H 
the crew and used also on behalf of the USA payload.) j 

Italian, French, Dutch, German and British groups wef 
represented as for ESA satellite programmes, and as intend} 
on Spacelab. / 

















Experiment preparation 


Build up of the ASS=SS II experimentation was begun ati 
experimenters’ home institutes in late 1976, the payload 4 
cialists received two to three weeks’ initial training on d 
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experiment in this period. In January 1977 all the experiments 
were gathered at the ESA/SPICE facility at the DFVLR, 
Porz~Wahn near Kölin. Here they were integrated electrically 
and mechanically into a mock-up of the aircraft, and simulation 
tests of the European half of the payload were carried out. It 
was convenient for the principal investigator teams to attend 
for long periods, but the payload specialists who were on the 
spot all the time increasingly handled the equipment. During 
this period they were able to write their detailed procedures for 
installing and operating the experiments on the aircraft. 

The simulation was very realistic, demanding continuous 
manning of the experiments and of a control room designed 
and operated as a replica of that at Ames, Two sets, of four 
‘flights’ each, tested the skills of the payload specialists, and 
their interaction with the ground teams. After this simulation 
the experiments were moved to California, where the whole 
(including USA) payload was put together on the ground at 
NASA Ames, then installed in the aircraft and flown. 


The data flights 


In late May 1977 the simulation mission of nine flights was 
performed, followed by a set of ‘principal investigator flights’, 
during which the Spacelab-like conditions were relaxed, and 
more personnel went on board to assist with each experiment, 
The nine simulation flights took place on schedule with mini- 
mum intervals of less than one day for maximum loading on the 
payload specialists. Communication during the mission was via 
a control centre, in which the teams running the flight and 
payload operations lived. The scientists on the ground could 
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talk to the payload specialists for limited periods, about two 
hours per day, to advise on experiment preparation in the light 
of information from the previous data-take. A TV camera 
enabled some visual! information to be passed ‘upwards’ to the 
aircraft (only available when on the ground) while a regulated 
allowance of data was removed from the aircraft between 
flights, corresponding to a bit rate which can be accomplished 
by planned telemetry from the shuttle. In practice com- 
munication during actual flights was difficult—this was one way 
in which conditions were significantly worse than those anti- 
cipated for Spacelab. Another difference was the successive 
takeoffs, landings, and refuellings, with their disruptive effects. 
Figure 1 shows a typical trajectory for a night flight, and gives 
an idea of the distribution of activities for the European 
experiments during such a flight. The LIDAR and the solar 
experiment were kept running for most sections of all the 
trajectories, providing routine data on the Earth's atmosphere, 
Two night flights over the Pacific viewed southerly astronomi- 
cal objects, and the day flights included prolonged manoeuvres 
over cities and peculiar terrains, for LIDAR and for the USA 
payload, which was mainly Earth-resource orientated. 

The individual experiments, and their results will be present- 
ed elsewhere. Here we indicate the organisational complexity 
of the project, and the payload specialists’ tasks. 


Infrared astronomy 


A 32-cm aperture infrared telescope which had flown on 
ASSESS I, carried two instruments, a 4-band photometer 
spanning the wavelength range 31-196 um, and a Fabry~Pérot 
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| Solar brightness temperature 


/ During daytime flights a Michelson intererometer was fed by a 
gyrostabilised coelostat, giving solar spectra in the range 
300 um-2 mm wavelength. The aim was an absolute deter- 
| \ mination of the chromospheric brightness temperature to 
within 250 K, for use in physical modell.ng. The equipment was 
| also operational on all other flights, yie iding terrestrial atmos- 
| \ pheric emission spectra varying with latitude and altitude, and 
examining submillimetre sky anisotropy over a 2° field, aimed 

| at the cosmic background radiation’. 


Flux (arbitrary units) 


a=22h 17 min 45s 6=63 04 RA (arc min) 


Fig. 2 A scan of the dark interstellar cloud Sharpless 140, 

obtained with the Groningen photometer in the waveband 115- 

196 um (TI filter). The abscissa registers a scan amplitude of 
29 arc min in RA using a diaphragm of 4.5 arc min diameter. 


line spectrometer, both cryogenically cooled. The payload 
specialist could switch between them using a flip-flop mirror in 
the telescope. A sensitive TV camera facilitated finding and 
locking onto infrared position, by serial spot-follower and 
gyro-stabilised control loops. These experiments were run 
throughout the mission by one payload specialist. 

Figure 2 shows a typical output scan; new flux maps of the 
molecular clouds $140(A), R Cr A, and M17 were built up 
from such scans, and previous measurements of the galactic 
plane** and of sky noise’ were revised with increased pre- 
cision. Spectra at the 33.6 pm wavelength of SIII emission with 
the Fabry—Pérot system were, however, inconclusive. 





Fig. 4 OH airglow seen in the form of narrow stripes with the 
TV camera syster at 700-900 nm 


Lidar 


Figure 3 shows an aerosol distribution diagram for an area 
south of San Francisco. It shows the effectiveness of the 
airborne LIDAR, which obta ned such data over urban areas 
(Los Angeles basin and San Francisco Bay) and over very 
varied terrain (Mojave desert, Rocky Mountains, and the 
Central Valley of Californias. The already standard LIDAR 
technique of measuring the time of flight of back-scattered 
pulsed near infrared laser radiation emitted from the aircraft, 
was calibrated using the simultaneous data of Dr P. Russell, 
taken from the ground at the Stanford Research Institute. 


Airglow TV 


Mesospheric airglow from :he OH layer, ~85 km above the 
Earth was studied for structure due to winds, atmospheric 
tides, and gravity waves. The TV technique used was a 
development of that flowr on ASSESS 1 (ret. 6), recording 
images in the 700-900nm waveband every 0.15s This 
compares with 5-10-min photographic exposures from moun- 
tain sites”. Figure 4 shows narrow-banded mesospheric 
structures, observed durirg ASSESS Il. During the mission 
Fig. 3 Mass concentration of aerosol particles (in mg m`) asa broader bands were commonly seen, also patches, and V 
function of altitude over a portion of the San Francisco Bay area, shaped structures. Amid *his variety of geometrical patterns, 

measured by the LIDAR experiment on ASSESS II. banded structures with tens of km periods and maximum 
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Fig.5 A survey, abstracted from the medical 

experiment data, of the temperature rhythms for 

the six payload specialists (two USA, two Euro- 

pean, and two European ground back-up) working 
on the ASSESS H mission. 
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extension around 700km were frequently prominent. The 
latter seem too small to fit gravity wave predictions’’. The data, 
a clear improvement on ASSESS I, show that tropospheric 
storms can cause mesopheric airglow pattern changes, and 
provide evidence for multiple layers in the airglow, from sets of 
bands at fixed common angles. 


Medical experiment 


The medical experiment was aimed directly at Spacelab. Each 
payload specialist (two Europeans and two Americans flying, 
plus two European back-ups on the ground) was fitted with a 
rectal temperature probe, and ECG (electrocardiogram) elec- 
trodes, recording continually on to miniature tape-recorders 
carried on a belt. During sleep the EEG (electro- 
encephalogram) was measured and similarly recorded. Every 
three hours, except during sleep, a urine sample was collected 
and stored frozen for subsequent analysis of hormones and 
electrolytes. 

A global look at the temperatures of the payload specialists 
| (PSs) is given in Fig. 5, for two days pre-flight, nine flight days, 
and two post-flight days. Effects of slipping the working routine 


GMT 


against the 24-h day are seen in the drift of the diurnal maxima 
and minima, (see PS 1, 5 and 6); the increasingly broken 
rhythm (see PS 3, also 2 and 4) is due to poor sleep. Full 
analysis of the 10 parameters recorded will be valuable for 
planning activities and routines for Spacelab. 


Experiment grouping 


The infrared astronomy experiments, comprising five experi- 
ment racks and the telescope, were run by one payload speci- 
alist while the LIDAR, Airglow and Solar experiments were 
run by the other. Ergonomically this worked quite well, as the 
latter three were controlled mainly from a centralised panel, 
and the effort demanded for each group was roughly 
equivalent. Although considerable progress in reducing trivial 
switch-throwing had been made since ASSESS I, further 
automation would have undoubtedly reduced stress on the 
payload specialists. 


Data management 


The airglow, medical, LIDAR, and astronomical photometer 
experiments were either entirely self-contained in data storage 
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and quick-look analyses or used the ADDAS system only as a 
back-up. The other expenments relied on ADDAS as their 
main data-processor; however, time and funding limitations 
caused experiment-ADDAS interfacing to become a major 
problem immediately before launch. 


Lessons 


Some clear lessons have been learned from the ASSESS pro- 
gramme, which can be used as a series of general guidelines for 
would-be Spacelab experimenters; the most evident are given 
below. 

(1) Keep interfaces with Spacelab simple. This includes the 
mechanical, the electrical, and signal processing. The latter is 
particularly interesting, as Spacelab will provide a central data 
management system (CDMS) analogous to the ADDAS used 
in ASSESS M. Self-contained data gathering, processing and 
storage by any single experimenter not only gives him practical 
flexibility, and eases competition for scarce CDMS memory, 
but allows him to develop software at his own pace and with his 
own personnel during the build-up to a flight. The CDMS 
should be used to send highly selected data by telemetry to the 
ground, allowing a team-to analyse problems for which the 
payload specialist has no time during the mission. 

(2) Electromagnetic cleanliness is important. ESA set precise 
earthing and shielding standards for the European experimen- 
ters. These were not mandatory during ASSESS II for the US 
experiments, which therefore had far more problems with 
electromagnetic interference. Failure to adopt such standards 
could be costly. 

(3) Experience is an effective way to learn. Those experiments 
which had been aboard ASSESS I gave a data yield nearly an 
order of magnitude greater when flown this time. This indicates 
that airborne missions are highly cost-effective ways for scien- 
tists to improve their potential rewards from Spacelab flights. 
Similar criteria apply to the management teams who feel that 
their direct experience on ASSESS would be valuable in 
organising Spacelab. 

(4) For payload specialist efficiency unified control panels for 
groups of experiments must be built up. Diverse experiments 
will therefore need to be integrated) on the ground, into a 
single payload and also to check-out cross-talk effects, and 
because any payload work on board the shuttle will be costly 
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and complex. From a European viewpoint the build-up of a 
team of engineering experts at an integration site (‘SPICE’) 
within an ESA member state was shown to be practical. This 
centre gave a much better training scheme for payload speci- 
alists than the method used during ASSESS I, of sending 
payload specialists only to experimenters’ home institutes for 
training purposes. - 

(5) Time and capability for in situ diagnosis and repairs to 
experiments in flight is very limited, when one payload speci- 
alist may have care of around 20 separate payload elements. A 
useful approach 18 to predict the probability of key failures, and 
build in redundancies as well as using modular experiment 
design, with replaceable key back-up units. In spite of prob- 
lems, the value of the payload specialists was shown by the 
quantity and quality of the data obtained on ASSESS II, and 
clearly, using the shuttle with payload specialists will enable 
many more experimenters to use space platforms, with a much 
wider range of experiment categones than can participate in 
conventional satellite programmes. One result of ASSESS II is 
to show that the comparable complexity needed to build and 
operate airborne experiments, the lead times required, and the 
relationship to laboratory instrumentation, make aircraft pro- 
grammes very suitable preparation and training for Spacelab. 
This is true for the experimenters, for the payload specialists, 
and also for the management teams. Whether ASSESS I and IJ 
have provided enough experience for NASA and ESA 
managements, and whether or not this is used, only time and 
the Spacelab programme can tell. 

We thank staff members of NASA Ames Research Center, 
Informatics Inc., NASA Marshall Spaceflight Center, NASA 
Kennedy Space Center, NASA Headquarters, ESA-SPICE, 
DFVLR Porz-Wahn, ESA Headquarters and ESA-ESTEC 
who contributed to the success of this mission. 
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Formation of the early Earth regolith 


M. D. Nussinov & A. A. Vekhov 


Academy of Sciences of the USSR, Space Research Institute, 117810 Moscow, USSR 





Appropriate physical conditions for the origin of life could 
exist on the relic regolith grains. A regolith of this type 
could be formed on the entire surface of the Earth under 
the effect of space factors in the early epoch which was 
characterised by a strongly rarified atmosphere. In the 
subsequent epoch with a denser atmosphere and suitable 
conditions for the first occurrence of liquid water droplets 
such grains had to acquire a considerable biochemical 
activity. 
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EXISTING hypotheses about the origin of life on the Earth are 
based either on the initial conditions of the planet or on those 
of space, and can be subdivided into two distinct groups. The 
first such group assumes that the bioevolution started in primi- 
tive water bodies’—especially in the course of submarine vol- 
canism’, whereas the second group supports the concept of the 
formation of prebiological material on the surfaces of inter- 
stellar dust grains which were later transported into the Solar 
System and to the Earth**. The hypotheses of the first and 
especially of the second group have been severely criticised’. 
However, several objections can be avoided if a new hypothesis 
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were considered based on the following conditions necessary 
for ‘the origin of life platforms’ (developed and formulated in 
refs 1, 5, 7): (1) large specific area of grains (with appropriate 
macro- and micro-porosity); (2) immersion of grains into the 
water medium; (3) free energy available for biochemical reac- 
tions; (4) global character of the appropriate conditions; (5) 
large (in the geological sense) time span for the events; and (6) 
absence of powerful inhibiting factors. None of the existing 
hypotheses satisfies these conditions completely. 

We put forward here a hypothesis with initial conditions that 
cannot fully be related either to the first or to the second type 
of hypotheses and which are ‘on the border’ between planetary 
and space conditions. According to our hypothesis, the regolith 
grains which formed on the early Earth’s surface during an 
epoch of a strongly rarified atmosphere could serve as the 
platforms for the origin of life. We designate this type of 
regolith as relic or R-regolith. In contrast, an airless planet’s 
regolith (such as the Moon’s) will be designated M-regolith. We 
shall show that the conditions for the formation of each of these 
two types of regoliths are different. 

Together with cosmic electromagnetic and corpuscular 
irradiation, meteorite bombardment is known to be one of the 
main exogenic factors responsible for the formation of a 
planet’s regolith. We believe that the most interesting situation 
arises on a planet almost completely lacking an atmosphere 
(‘nearly atmosphereless’). In this case the bulk of a micro- 
meteorite flux reaches the planet’s surface with an appreciable 
loss in the mass and velocity of particles whose final dis- 
tribution function (mM ve P) is transformed from the initial 
case Ji(m;, vi, P) so that in the atmosphere pressure (P) range, 
from P,~ 10°’ atm to P,;~10°* atm, mostly small particles 
with velocities v,< 10°cms~' impinge on a planet’s surface’. 
When P > P}, L> 0, extremely quickly, whereas at P< P,, (,- 
l}ì}>0 but much more slowly. However, the penetration of 
space electromagnetic and corpuscular radiations through a 
rarified atmosphere is significant. For instance, a CO, atmos- 
phere with P = 107° atm (which has a penetrability equivalent 
to a 6.5 107° cm thick CO, solid filter) is rather ‘transparent’ 
to the fluxes of UV and X-ray radiations and insignificantly 
detains charged particles with energy E >0.1 MeV (ref. 9). 

Hence it seems that the regolith-forming conditions on the 
surface of a nearly atmosphereless planet will be different to 
those on an atmosphereless one. Hence, a different regolith 
forms on each of these planets. 

It is interesting to consider the problem of R-regolith forma- 
tion in conjunction with the investigations of Meadows’? and 
others which establish the existence of an atmosphereless 
period on the Earth (after loss of the primary H.—He atmos- 
phere) which was followed by a period of gradual accumulation 
of a new atmosphere. At first, the new atmosphere consisted 
mainly of CO, and H,O vapours—-the products of mantle 
degassing and volcanic activity. Since then the present atmos- 
phere has been developing. More than 4,000 Myr ago there 
was a crucial moment in this evolution. When the atmospheric 
pressures reached P=10 atm and the Earth’s surface 
temperature became T =273 K (triple point for water), the 
appropriate conditions for liquid H,O occurrence were 
created’. Before this, water desublimation resulted only in the 
formation of low mobile hard ice mounds and in hoarfrost. The 
epoch of smaller atmospheric pressures and temperatures, 
directly adjacent to this period, satisfied the conditions neces- 
sary for R-regolith formation. Therefore, we assume that by 
the time that water condensed, the Earth’s surface was covered 
with an R-regolith which predetermined the directions of geo- 
chemical and prebiological evolutions. 

Let us consider certain physical properties of R-regolith and, 
primarily, its macroporosity determined by an average grain- 
size distribution which, in its turn, is determined by the cor- 
relation between the rates of the two competing processes of 
comminution and aggregation. As for M-regolith, the process 
of comminution in R-regolith occurs under the impacts of 
micrometeorites, whereas aggregation results from cohesion 
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and agglutination. In a rarified atmosphere the specific energy 
of an impact E; = v7/2 =~ 10’ erg g™ is sufficient only to break 
up the grains, and not to melt them (E,,~ 10"' erg g` (ref. 9)). 
Consequently, the R-regolith will not contain glassy particles 
and glassy surfaces which are characteristic of the M-regolith!?, 
On the other hand, gas from a rarified atmosphere is immedi- 
ately adsorbed on the split-off surfaces of grains which 
decreases drastically their aggregation due to the deterioration 
of the cohesive properties of grains by several orders of magni- 
tude. Therefore, the competition between comminution and 
aggregation will favour the former. Consequently, the average 
grain-size distribution in R-regolith will decrease, whereas its 
specific surface Sg and hence its macroporosity will increase 
from the minimum value Sy = 0.1m’ g™', characteristic of M- 
regolith’’, by one or two orders of magnitude. 

Microporosity should be regarded as another peculiar fea- 
ture of the R-regolith. Micropores result from the radiational 
and structural defects (tracks, dislocations, and so on) in the 
volume of the grains. The presence of micropores in the grains 
of M- and R-regoliths is due to the absorption of hard cosmic 
electromagnetic and corpuscular radiations. However, such 
defects are hardly detected in the Moon’s regolith because the 
micropores in its grains are continuously destroyed by high- 
velocity micrometeorite impacts (which cause shock waves in 
the grain volume and melt grain surfaces) and due to sharp 
diurnal fluctuations of the surface temperature”. This has been 
confirmed by simulation experiments when the Moon’s regolith 
was irradiated’*. This situation is very similar to the conditions 
existing on a nearly atmosphereless planet. 

The R-regolith micropores had to contain gas resulting from 
the photodecomposition of atmospheric gases (dissolved in the 
volume of grains) as well as rock- and mineral-forming oxides. 
This gas in micropores had to be in a physically adsorbed state 
and enriched with O, which accounted for about 50% of the 
specific weights of most rocks, minerals and some atmospheric 
gases. 

Now, let us consider the conditions of chemical evolution 
which existed on the Earth’s R-regolith during the time of 
liquid H:O condensation on the planet's surface. The gas 
accumulated in the micropores of the grains and adsorbed on 
the macropores, had to escape outside by the Rebinger effect 
(adsorptional decrease in strength’*) and by displacement 
desorption with water, which has the greatest energy of 
desorption (E,= 10-12 kcal mol™') relative to other common 
gases (Ea = 3-8 kcal mol`’ (ref. 9)). By releasing gas from the 
pores of R-regolith, water partly occupied its place and in the 
near-surface atmosphere, probably, initially O, and then other 
gases (CO, N2, and so on) were evolved. However, the atmos- 
phere remained fairly transparent to UV and other space radi- 
ations which penetrated into the pores of the R-regolith grains 
and served as a source of free energy for photo- and radio- 
chemical processes, Thin water layers around the grains did not 
significantly hamper the penetration of UV and corpuscular 
radiations. For example, a 2 cm thick layer of water is pervious 
to 50% of UV radiation with A = 1,880 A (ref. 9), while the 
range of UV radiation penetration in to the grains depends on 
the kinds of rocks and minerals and the degree of their 
porosity. 

The conditions (1), (2) and (3) were very favourable in the 
R-regolith for various chemical reactions to take place and 
different radically from those existing on the unsaturated sur- 
faces of M-regolith grains. Indeed, M-regolith grains are 
cleaned by solar radiation in vacuum to an ‘atomically-pure’ 
state. Therefore, only chemisorption (that is, adsorption of a 
monomolecular layer) can occur on their surfaces and the 
grains are characterised by a low adsorption capacity'*. Only 
simple molecules can be formed on M-regolith grains (for 
example, H, on the Moon’s regolith’), 

On the other hand, distinctive characteristics of R-regolith 
grains such as a developed system of macro- and micropores 
and great adsorption capacity make them resemble the 
interstellar dust grains despite the different origin of these 
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properties in the latter”. Although the precise chemical 
composition of the interstellar dust grains is not yet known, 
from the results of Hoyle, Wickramasinghe’’”® and others, we 
suppose that many have a silicate matrix, and that all are 
covered with a polymeric mantle resulting from chemical 
evolution. The interstellar dust grains in this evolution played 
the part of a third body providing the necessary energy and 
momentum balances in the chemical reactions. A similar role 
could be played by R-regolith grains. All this suggests an 
analogy between the conditions of chemical evolution on the 
interstellar dust and R-regolith grains. Over 40 molecular 
compounds, including some important for prebiological evolu- 
tion such as HCN, and HCO, have been recorded in inter- 
stellar gas—dust clouds’*. In our opinion, the conditions for 
complex chemical reactions to occur in the R-regolith of the 
Earth were more favourable and promoted a more rapid 
chemical evolution than in the interstellar gas—dust clouds 
owing to a higher (10'°-10"? times) density of the ambient gas 
around the particles, significantly greater concentration of the 
R-regolith grains, relatively higher temperature (T ~ 273 K}, 
and the presence of water medium. Indeed, if the grain surface 
is considered as a saturated gas then the rate # of chemical 
reactions, occurring on a grain surface surrounded by the 
ambient gas with the sticking coefficient equal to unity, will be 
proportional to n/t, where ¢ is a characteristic time of the 
chemical reaction. At sufficiently high temperatures of the 
regolith grains (Tp), ¢ can be found from the Arrhenius law: 
t~exp (~Fix/Tp), where E. is the energy of activation (E < 
5eV) and Ta, is the temperature in eV (Tgp™0.04 eV). The 
non-exponential dependence ta(Ta) is characteristic of the 
interstellar dust grains with their low temperature 7,< 10 K. 
According to Goldanski’, tg may be constant 107*s, hence 
ýr? fa. 

These conditions could not only promote the formation of 
at least analogous and, apparently, even more complex 
compounds on the R-regolith but, what is more important, at 
considerably greater rates than on the interstellar dust grains. 
Moreover, the branching surfaces of the R-regolith grains 
acted as sites for the replication of complex linear molecular 
structures, whereas complex stereoregular structures were 
formed in the water medium in the pores (the conditions are 
described in ref. 20). For examile, the surfaces of grains could 
accelerate the evolution of coacervates’ which could be formed 
in the pores of the flooded R-regolith grains. 

Hence, having compared the conditions in the interstellar 
dust and in R-regolith, one might confirm that the chemical 
evolution on the R-regolith could probably advance over a 
geologically short period to prebiological and biological forms, 
because of the fulfillment of conditions (1), (2) and (3). Condi- 
tions (4) and (5) were also present on the Earth at that time, 
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because the R-regolith covered the entire planet’s surface uni- 
formly and existed for a ‘geological period of time. The accu- 
mulation of an atmosphere created the conditions for the wind 
transfer of the R-regolith grains and, consequently, for the 
transportation of biological forms. At the same time, this 
atmosphere (as it accumulated and >ecause oxidising) together 
with the increasing layer of water ebove the R-regolith grains 
could screen the action of the inaibiting factors. Note that 
unlike other hypotheses about the crigin of life on planets our’s 
does not Indicate the existence of sowerful inhibiting factors. 
For instance, having got into the water, a porous R-regolith 
grain could float for a certain time until most of its pores filled 
with water. That period of time might be sufficient for some 
prebiological reactions to occur in the grain whose products, 
together with the grain, could sink stepwise to the bottom of 
the pools to safely continue evolution there. 

In conclusion, the conditions in the R-regolith during the 
epoch of water condensation satisfy the generally accepted 
conditions (1}-(6) necessary for the primary forms of life to 
have originated on Earth. It can also be supposed that such 


- conditions have not been realised on Mars. The present status 
. of the martian regolith is close to that of the Earth’s R-regolith 


before the start of water condensation”’. 

Of course, the probability of finding the remains of the 
‘buried’ R-regolith is extremely sim but its reproduction in 
laboratory conditions seems a posa.bility. 


We thank Professors Shklovskii I.S. and Goldanskii V. I. and 
Drs I. L. Ettinger and Yu. B. Ckernyak for stimulating dis- 
cussions. 
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Andesitic volcanism and crustal evolution 


J. C. Eichelberger 


Geosciences Division, University of Calrfornia, Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87545 


Petrological evidence indicates that andesite is a mixture 
of melts from the upper mantle and lower crust. Mixing is 
favoured by a compressional environment and generation 
of rhyolitic crustal melt is favoured by continental crust. 
Andesitic volcanism apparently involves both addition of 


new material to the crust and fractionation of pre-existing 


crust. 


A CRITICAL problem in crustal evolution is whether the 
voluminous andesitic volcanoes and cogenetic granodiontic 
batholiths are derived from the mantle, crust, or both. If these 
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rocks originate within the crust, they represent recycled crust. 
If they onginate within the mant e, they represent new crust. 
Where they occur within the oceen basins, most commonly as 
the andesitic island arcs of subduc-ion zones, they represent the 
generation‘ of new continental-type material in an otherwise 
basaltic crustal environment. 

Andesite and granodiorite do not occur alone, but belong to 
the basalt—andesite—dacite-rhyoli-e association and its plutonic 
equivalent, the gabbro—diorite—granodiorite—-granite associa- 
tion. Despite the enormous range in composition and physical 
properties of magmas represented by these rocks, field rela- 
tionships demonstrate that they ere intimately related in time 
and space. The implication of a genetic relationship among 
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Fig. 1 Resorbed sodic plagioclase 
in sOme andesites and dacites. a, 
Glacier Peak (Washington) dacite: 
An 38 core, An 68 inside over- 
growth, An 50 outside overgrowth. 
Two inclusions of rhyolitic glass 
(Table 2) are visible in core. b, 
Pitons du Carbet andesite 
(Martinique, French West Indies): 
An 52 core, An 75 inside over- 
growth, An 56 outside of over- 
growth. c, La Soufriere de 
Guadeloupe (French West Indies) 
andesite: An 54 core, An 83 inside 
overgrowth, An 57 outside over- 
growth. d, Bill Williams Mtn dacite 
(San Francisco Volcanic Field. 
Arizona): An 23 core, An 55 inside 
overgrowth, An 41 outside over- 
growth. e, Nevado Antizana dacite 
(Ecuador): An 25 core, An 60 
inside overgrowth, An 50 outside 
overgrowth. f, Tauhara dacite 
(Taupo Volcanic Zone, New 
Zealand): An 20 core, An 61 inside 
Overgrowth, An 46 outside over- 
growth. Scale bar 0.5mm. See 
Table 1 for additional data. 





these magmas is strong. This relationship is a key both to the magmas as a dominant mechanism by which intermediate 
origin of these magmas and of continental crust. The purpose members of the association develop. The new data include 
of this article is to discuss new data on phase assemblages in representative andesites and dacites of the Cascade Range of 
voleanic rocks (Table 1) which show a remarkable similarity western United States, Taupo Volcanic Zone of New Zealand. 
among a variety of igneous complexes of this magmatic asso- Andes of Ecuador, and Lesser Antilles (Guadeloupe and 
ciation, and which point toward mixing of basaltic and rhyolitic Martinique) of the French West Indies. 





Table 1 Phases in andesite and dacite derived from basaltic and rhyolitic magmas 

















Rhyolite-derived Basalt-derived 
Volcano Sample description pi? Qz7 Pił Ol§ Xenolith|| 
5 AE: 5 La Soufriere Guadeloupe Px andesite, summit dome 54° Yes 91 8? PI_Px 
<q“ 4's Pitons du Carbet Martinique Hb andesite, ~ 10 km N, Ft de France 52 Yes? 92 84 PI-Hb 
a < w 4 Diamant Martinique Px andesite, near R. du Diamant 45 Yes 90) 84 Pb-Px 
Mt Baker Washington Px andesite, cleaver, Eaton Glacier 46 No 82 70 PI-Px 
) A Glacier Peak Washington Hb dacite pumice, Suiattle River 384 Yes“ 8] 81 PI-Hb 
Me = Mt Rainier Washington Px andesite, Muir Camp Trail 37 No 75 70 PI-Px 
< x Mt Hood Oregon Hb andesite, White River campground 44 No 80) — PI-Hb 
= = Px andesite, Timberline Lodge — No — 79 P|-Px 
< 5 Crater Lake Oregon Px andesite, Mazama, W. rim Crater L 36 No 70 74 PI-Px 
Z. 5 Mt Shasta California Px andesite, Avalanche Gulch 41 No §1 78 Pl—Px 
= Lassen Volcanic National Park Hb rhyodacite, Chaos Crags 279 Yes 92 79 PI-Hb 
as California Px dacite, Lassen Pk, 1915 eruption 30° Yes§ 83 83 Pl-Px 
Z 5 Px andesite, Prospect Pks, saddle 3149 Yess 80 80 PI-Px 
© 
9 < Nevado Antizana Ecuador Hb dacite, Papallacta L., recent flow 259 Yess — 79 PI-Hb 
Y Hb dacite, eroded ridge near Papallacta L. 35 Yes 71 — PI-Hb 
$ E Tauhara New Zealand Hb dacite, Burrows Quarry 20¢ Yes‘ 79 82 PI-Hb 
Ma 
=í SanFrancisco Hb dacite, Bill Williams Mt 23 Ye — — PHIb 
OZ -=5 Voleanic Field, Arizona Ol andesite, Vent 18& 20¢ Yes? =- 84 —- 
S = = z Jemez Mountains Px andesite, St Peters Dome 30 No 67 14 P|-Px 
Z m New Mexico Ol basaltic andesite, TA-33, LASL 264 Yes — 85 
ww 





Pl, plagioclase; Px, pyroxene; Hb, hornblende; Qz, quartz; Ol, olivine 

Composition of core of resorbed plagioclase (Fig. 1) in mole % An 

t Indicates presence of quartz phenocrysts (Fig. 2) | . 

t Composition of most calcic plagioclase in mole % An. Occurs as individual grains and within basaltic (cognate) xenoliths. 
§$ Composition of olivine in mole % Fo. Occurs as individual grains and within basaltic (cognate) xenoliths. 

| Dominant phases of basaltic (cognate) xenoliths (Fig. 3). 

€ Indicates presence of rhyolitic glass inclusions in phenocrysts. 


> 
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Phase assemblages in andesite and dacite 

A particularly interesting feature of intermediate volcanic 
rocks is that they commonly contain phases totally out of 
chemical equilibrium’ and of a type and composition appro- 
priate to basaltic and rhyolitic magmas. In addition to the 
phenocrysts appropriate to magmas of intermediate bulk 
composition, andesite and dacite contain both anomalously 
calcic and sodic plagioclase, forsteritic olivine, and sometimes 
quartz. Sodic plagioclase occurs as cores of phenocrysts and is 
surrounded by a dark zone of skeletal calcic plagioclase with 
glass-bearing channels, which is in turn surrounded by a 
normally zoned clear overgrowth (Fig. 1). The width of the 
dark zone tends to be greater in phenocrysts in andesite than in 
dacite. Quartz phenocrysts in dacite commonly contain 
substantial embayments, indicating resorption. Quartz pheno- 
crysts in andesite are commonly surrounded by glass and 
pyroxene jackets, indicating resorption and reaction (Fig. 2). 
Inclusions of rhyolitic glass occur both in the sodic cores of 
plagioclase phenocrysts and in quartz phenocrysts (Table 2). 
Forsteritic olivine and calcic plagioclase occur as individual 
grains and also within crystal-rich xenoliths and microxenoliths 
of distinctive texture and composition. !nclusions of basaltic 
glass within forsteritic olivine and calcic plagioclase have been 
reported by Anderson’. 

The crystal-rich xenoliths range in size from clots of a few 
grains present in most thin sections (and individual crystal 
grains derived from them) to globules | m in diameter and are 
commonly referred to as ‘cognate’. They are dominantly 
plagioclase + pyroxene + glass in andesite and plagioclase + 
hornblende + glass in dacite. Their texture (Fig. 3) consisting of 
euhedral to subhedral crystals with interstitial glass suggests 
advanced crystallisation of a magma. Plagioclase and horn- 
blende in the xenoliths are strongly zoned, acicular, and often 
hollow, suggesting rapid growth'*. Composition of the horn- 
blende’® closely coincides with the composition of hornblende 
coexisting with melt in basaltic systems’’ from 1,000°C to 
700°C. Bulk composition of the xenoliths is also magmatic, 
falling at or near the basaltic end of the trend for the complex?” 
(Table 2). Those xenoliths which are intermediate rather than 
basaltic in composition contain sodic plagioclase and some- 
times quartz, as described above. Large xenoliths are often 
concentrically zoned, with a coarse-grained basaltic core sur- 
rounded by a fine-grained basaltic or andesitic rind'”. The 
textural relationship is clearly one of chilling of the xenolith 
against the host. 

These features can be explained in the following way. The 
composition of the sodic plagioclase and quartz phenocrysts in 
andesite and dacite indicate that these phases originally grew in 
a rhyolitic magma. This conclusion is supported by the 
inclusions of rhyolitic glass within these phases. The composi- 
tion of the calcic plagioclase and forsteritic olivine indicate that 
these phases grew in a basaltic magma. This conclusion ts 
supported by the presence of these phases within the basaltic 
xenoliths and by the occurrence within these phases of 
inclusions of basaltic glass. This suggests that many andesites 
and dacites are hybrids derived by mixing of basaltic and rhy- 
olitic magmas. Basaltic magma intrudes rhyolitic magma and 
breaks into globules. Mixing of liquids occurs at the interface 
between globules and host. The globules undergo rapid crys- 
tallisation to form crystal-rich basaltic xenoliths with andesitic 
rinds while crystalline phases in the cooler rhyolitic host 
undergo reaction or melting, forming embayments or pyroxene 
rims on quartz and dark resorbed zones on sodic plagioclase. 
These melting and reaction effects are greater in mixtures 
containing a higher proportion of basalt (andesite versus 
dacite)'”. Renewed crystallisation following the mixing event 
results in growth of phases appropriate to the new intermediate 
bulk composition and temperature of the system, both as 
individual crystals and as overgrowths on basalt- and rhyolite- 
derived phases. Overgrowths protect the disequilibrium phases 
from further reaction. Note that the data presented in Tables | 
and 2 come from both oceanic and continental regions. 
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Other hypotheses have been advanced for the origin of these 
features in andesite and dacite. Sodic plagioclase and quartz tn 
andesite have been attributed to assimilation of granitic 
rocks*’. These phases, calcic plagioclase, and forsteritic olivine 
have also been attributed to crystallisation of andesitic liquid at 
high pressure, dry in the case of sodic plagioclase“ and 
quartz?™™ and wet in the case of calcic plagioclase * and 
olivine**. The clear, volcanic nature of sodic plagioclase and 
quartz (Figs 1 and 2) suggests that they are direct precipitates 
of magma, Further, the low *’Sr/*°Sr of most andesite is 
inconsistent with significant contamination by older granitic 
rocks**. Limited capacity of magmas to assimilate cold rocks 
and occurrence of andesite in island arcs lead to the same 
conclusion. This has caused many workers to favour the high 
pressure crystallisation hypothesis, but this leads to mutually 
exclusive conclusions concerning water content of the magma 
Wet, high pressure conditions might produce the calcic plagio- 
clase but not the sodic plagioclase. Such conditions might cause 
forsteritic olivine to precipitate but not quartz. It is also difficult 
to reconcile the high pressure hypothesis with evidence that 
there is isotopic as well as chemical disequilibrium between 
phenocryst and matrix in andesite and dacite***’. Basaltic 
xenoliths have been interpreted as cumulates“ ', although they 
lack cumulate textures, and breakdown products of high Al 
amphiboles*", although they range in size to several centi 
metres or even tens of centimetres. None of these alternative 
hypotheses seem to be consistent with the observations 
presented above, especially the inclusions of rhyolitic glass in 
sodic plagioclase and quartz and the textures of the xenoliths 


Fig. 2 Stages in resorption amd reaction of quartz in dacite and 
andesite. a, Resorbed quartz in Glacier Peak dacite. Note two 
inclusions of rhyolitic glass (Table 2), one of which has leaked 
Scale bar 0.5 mm. 6, Thin, fine-grained clinopyroxene jacket on 
quartz in La Soufriere de Guadeloupe andesite. Scale bar 0.5 mm 
c, Thick reaction zone of clinopyroxene + glass surrounding quartz 
(outlined for clarity) in Diamant andesite (Martinique). Scale bar 
2 mm. Note large resorbed plagioclase in upper left corner. d, End 
product of quartz-liquid reaction. Clinopyroxene +glass clot in 
Tauhara dacite. Scale bar, 2mm. See Table | for additional data 
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Mixing of rhyolitic and basaltic magmas provides a simple 
explanation for these petrological features which dre both 
widespread and abundant in andesites and dacites. Mixing can 
also account for the bulk composition of these rocks, because 
andesitic and dacitic compositions can be approximated (with 
some exceptions) as a linear combination of basaltic and 
rhyolitic compositions”'’. Therefore it seems reasonable to 
formulate a general model for andesitic volcanism based on this 
process. Although other processes may contribute to this style 
of volcanism, consideration of the mixing process leads to 
important conclusions concerning the relationship of andesitic 
volcanism to crustal and tectonic setting and to crustal evolu- 
tion. 
















Sources of parental magmas 


There is general agreement that basaltic magma is a product of 
rtial melting of ultramafic material in the mantle??™*’. 
owever, widespread evidence of mixing in intermediate 
veous rocks suggests that the basalt—andesite—dacite—rhyolite 
ite ts not a liquid line of descent from basalt. If rhyolite is not 
product of fractional crystallisation of more mafic magmas, it 
ust form directly from a solid source material by a melting 
cess. Rhyolite is too siliceous to be derived by partial melt- 
» of ultramafic mantle material or even crustal material at 
intle pressures”. It does, however, respresent the composi- 
a of the low melting fraction of a wide variety of crustal 
‘ks at crustal pressures’. This suggests that rhyolite forms by 
ial melting in the crust, just as basalt forms by partial 
iting in the mantle. The lower crust, which is the hottest part 
he crust, is the most probable source region. 


s the lower crust is likely to be basaltic (gabbroic) or 
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Fig. 3 Photomicrographs of plagio- 
clase—hornblende basaltic (cognate) 
xenoliths in some dacites and 
andesites. a, Crater Lake dacite 
(Oregon). Scale bar, 0.1 mm. b. Mt 
Hood andesite (Oregon). Scale bar, 
0.5mm. c, Glacier Peak dacite. 
Scale bar, 0.5 mm. d, Chaos Crags 
dacite (Lassen Volcanic National 
Park, California). Scale bar, 
0.5 mm. e, Nevado Antizana dacite 
Scale bar, 0.2mm. f, Pitons du 
Carbet andesite. Scale bar, 0.5 mm. 
See Table | for additional! data. 


basaltic material will be in the form of amphibolite** and that 
the melt will be rhyolitic in composition up to about 20% melt 
fraction’’. Water has a critical role because it stabilises silica- 
poor amphibole in the presence of silica-rich liquid. The rhy- 
olite source is probably more silicic in the case of continental 
crust, because silicic lavas on continents tend to be more 
voluminous and more radiogenic” 

Widespread evidence of mixing also implies close association 
of basaltic and rhyolitic magmas in time and space. Field rela- 
tionships attest to this close association as well. Intermediate 
and rhyolitic rocks are commonly localised within regions of 
basaltic activity’’*’. Hence the rhyolitic parent of these 
complexes forms in a region of upwards flux of basaltic magma. 
Because movement of basaltic magma is a most effective means 
of heat transfer***°, it seems likely that basaltic volcanism 
provides heat for generation of rhyolitic magma in the lower 
crust and that this is the reason for the close association of 
basalt with rhyolite in time and space 


Formation of hybrid magmas 


The presence in andesite of phenocrysts originally grown in 
rhyolitic magma implies that the rhyolitic liquid segregates 
from its source region, coalesces into a magma body, and 
begins to cool and crystallise before mixing. The common 
occurrence of granite as large stocks or plutons, the large 
volume of rhyolitic extrusives, and the large collapse features 
associated with rhyolitic volcanism indicate that rhyolitic 
magma moves through the crust as large blobs or diapirs. Large 
volumes of megascopically homogeneous hybrids suggest that 
mixtures are formed in large batches. Thus it seems that much 
of the mixing of basaltic and rhyolitic magmas involves large 
(often 1km* or more) bodies of rhyolitic magma at levels 
higher and cooler than the lower crust. 

Megascopic homogeneity of hybrids also implies an efficient 
stirring mechanism, probably convection. Application of the 
Rayleigh-Jeffries criteria to magmas indicates that even the 
most viscous rhyolitic magmas should convect in most condi- 
tions of storage in the crust*’**. Estimated rates of flow in 
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plutons are of the order of 1 cms™'° (ref. 43), based on the 
experiments of Peyches and Zortea** which predict reasonable 
rates for mantle convection. Injection of basaltic magma into 
an active rhyolitic pluton favours rapid and possibly turbulent 
convection®*’****, The system tends to homogenise itself, 
driven by the large temperature differences accompanying the 
initial heterogeneity in composition. Because convection rates 
are strongly dependent on size of the magma body, the stirring 
process is effective for pluton-sized pots but not for dispersed 
melt pockets in the rhyolite source region. This is consistent 
with the earlier observation that much of the mixing involves 
large batches of magma. 

Field relationships shed further light on how mixing occurs. 
Volcanic centres which erupt intermediate and rhyolitic mag- 
mas lack basaltic vents while they are active, despite frequent 
basaltic activity in the surrounding region'®*°*’, This can be 
interpreted as indicating that large, active silicic magma bodies 
beneath these centres trap rising basaltic magma because of the 
lower density of the silicic magma*®. Some large volume tephra 
sheets from andesitic centres seem to record an early stage of 
mixing in which basaltic magma has been forced to sill out 
beneath a rhyolitic pluton**. In the Crater Lake sheet, silicic 
tephra is abruptly overlain by mafic tephra. That the parent 
pluton was mixing, rather than differentiating, is indicated by 
the presence of quenched mafic material, the xenoliths 
described earlier, in the silicic tephra. 


Statement of model 


The foregoing considerations point toward a simple model for 
the basalt—andesite—dacite-rhyolite association (Fig. 4). Basal- 
tic magma from the mantle rises into the crust and is emplaced 
at various levels as dikes and sills. In the lower crust, where the 
initial temperature is high, emplacement of basaltic sills causes 
partial melting. The resulting rhyolitic liquid gathers into plu- 
tons which rise slowly through the crust. Because the rhyolitic 
plutons exist in a region of upwards flux of basaltic magma, 
they commonly are injected with basalt and mixed by rapid 
convection before they crystallise or erupt. Thus basaltic vol- 
canism causes rhyolitic magma to develop and, once formed, 
rhyolitic magma bodies trap rising basalt. Mixing of the two 


MIXING of BASALTIC and 
RHYOLITIC MAGMAS 
WITHIN PLUTONS, MID to 
UPPER CRUST. 


Fig. 4 Model for genesis of the 
basalt—andesite—dacite-rhyolite as- 
sociation, applied to subduction and 
rift zone volcanism. Ín both cases, 
melting in the mantle gives rise to 
basaltic magma and melting in the 
lower crust yields rhyolitic magma. 
In subduction zones, intermediate 
lavas predominate at the surface 
due to mixing of basaltic and rhy- 
olitic magmas within plutons in the 
mid to upper crust. In rift zones, an 
extensional environment permits 
rapid rise of rhyolitic plutons. Both 
basaltic and rhyolitic magmas reach 
the surface with little mixing. 
Except for differences in amount of 
mixing, the two cases represent a 
similar response of the crust to heat 
from the mantle. The rhyolitic 
component involved in volcanism is 
larger if the crust is more continen- 
tal in character. 


RHYOLITE SOURCE REGION, 
LOWER CRUST 


BASALT SOURCE REGION, 
UPPER MANTLE 


RAPID RISE of RHYOLITIC 


PLUTONS, MID to UPPER CRUST 
RHYOLITE SOURCE REGION, 
LOWER CRUST. 


BASALT SOURCE REGION, 
UPPER MANTLE. 
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parental magmas produces the intermediate compositions, 
andesite and dacite, of the association. 

With this model in mind, comparison of volcanic fields of the 
basalt—andesite—dacite-rhyolite association in different settings 
suggests two important relationships: (1) generation of rhyolitic 
magma is favoured by continental crust and (2) mixing is 
favoured by a compressional tectonic environment. The first 
correlation was discussed above and may be due to differences 
in composition of the rhyolitic source. An example of how this 
explains variations in andesitic velcanism can be seen in the 
Tonga—Kermadec—-New Zealand magmatic arc. Within this 
subduction zone, the crust of the over-riding plate varies from 
continental (New Zealand) to oceanic (Tonga and Kermadec). 
Silicic lavas of the continental portion of the arc are more 
voluminous, richer in K, poorer in Ca, and have higher 
®7Sr/*°Sr values*”. 

The cause of the second correlation is less clear. Extensional 
or rift environments, as indicated by prominent block faulting, 
tend to have a bimodal (basalt—rhyolite) lava distribution while 
intermediate compositions dominate in compressional or sub- 
duction environments*’~**. Further, changes from compression 
to extension in the western USA were accompanied by changes 
from intermediate to bimodal igneous activity“. This 
suggests that extensional tectonic activity inhibits mixing, per- 
haps because rhyolitic plutons rise more rapidly through the 
crust where the crust is under tension rather than compression. 
Where the crustal residence time of active plutons is less, the 
probability of mixing is also less. Interestingly, in subduction 
zones, granite is more abundant among plutonic rocks than is 
rhyolite among volcanic rocks*’. Apparently there is a bias 
towards the eruption of mixtures. Water-rich rhyolitic plutons 
whose heat is not replenished by injection of basalt are more 
likely to crystallise at depth as granite, thereby contributing to 
the silicic batholiths. A further reason for the bias towards 
eruption of mixtures is that mixing at shallow levels can trigger 
eruptions by causing vapour exsolution in the magma****. 

These environmental parameters, continental or oceanic 
crust, compressional or extensional tectonics result in four 
categories which determine major characteristics of silicic 
igneous activity. Continental crust and compressional tectonics 


SUBDUCTION ZONE 
ANDESITIC VOLCANISM 






y THICKENING of CRUST by COMPRESSION ond 
Z EMPLACEMENT of BASALTIC SILLS 


RIFT ZONE 


BASALTIC ond RHYOLITIC VOLCANISM 
„EXTENSION of CRUST by SPREADING ond 
MPLACEMENT of BASALTIC DIKES 


Nature Vol. 275 7 September 1978 


eens een nnn 


Table 2 Some observed and inferred compositions of continental margin and island arc parental magmas 








l fi 3 
SiO; 74.3 75.9 tat 
TiO, 0.1 0.2 0.1 
2 ALO, 13.3 12.5 11.8 
= FeO 0.3 0.8 1.0 
= MgO 0.0 0.2 0.1 
o CaO 0.9 0.5 0.7 
Na,O 3.8 3.9 ad 
K,O 4.8 5.1 4.2 
97.5 99.1 97.3 
Coexisting 
plagioclase 
(An) 20 23 


Continental margin 


9 10 
SiO,» 53.4 48.5 
TiO, 0.9 
ii Al,O, 19.2 18.0 
g FeO 7S 8.8 
a MgO 4.9 9.0 
CaO 9.8 10.7 
NaO 2.9 25 
K,O 1.0 0.3 
98.7 98.5 
Coexisting 
plagioclase 
(An) 90 84 


Same gn E ae cee oa eee Sets CORE ee ad cle we kc A E ee he 
Continental margin 





Island arc 
4 5 6 7 8 
74.8 73.2 73.9 73.8 74.4 
0.2 9.3 0.3 0.2 0.1 
12.0 13.9 12.5 13.3 16.0 
1.3 2.2 2 2.0 1.4 
0.3 0.4 0.4 0.4 — 
0.8 1.5 2.3 2.7 2.5 
4.0 3.9 4.0 3.9 3.7 
4.2 4.2 3.2 4.3 1.8 
97.6 99 6 98.9 99.6 99.9 
38 35 S4 $1 
Island arc 
11 12 13 i4 
51.4 51.0 49.7 48.7 
1.0 0.9 0.5 0.6 
18.7 18.6 18.0 17.6 
8.6 8.3 10.5 11.3 
5.3 6.3 5.1 5.8 
10.7 11.0 10.0 10.4 
3.2 2.9 2.4 2.3 
0.5 0.7 0.5 0.6 
99 4 99.7 06.7 97.3 
90 91 92 85 


NEN an a EEOAE EIN I E A EEE Re AAE L L E N AAAA ANEA ee eT A, 
1, Glass inclusion in resorbed sodic plagioclase, Tauhara dacite, Taupo Volcanic Zone, New Zealand (1 analysis). 
2, Glass inclusions in resorbed sodic plagioclase, Nevado Antizana dacite, Andes, Ecuador (5 analyses). 
3, Glass inclusions in resorbed quartz, Glacier Peak dacite, Cascade Range, Washington, U.S.A. (4 analyses). 
4, Glass inclusions in resorbed sodic plagioclase, Glacier Peak dacite (10 analyses). 
5, Rhyolite lava, Medicine Lake Highland, Cascade Range, California (8 analyses; ref. 8). 
6, Glass inclusions in resorbed sodic plagioclase, La Soufriere andesite, Guadeloupe, Lesser Antilles (13 analyses). 


7, Rhyolite lava, South Aegean Arc, Greece (5 analyses; ref. 9), 


8, Melt composition, Picture Gorge Tholetite, T = 750°C, P= 5 kbar, H;O saturated (ref. 10). 
9, Basaltic (cognate) xenolith in dacite of Chaos Crags (1 analysis; ref. 11). 


10, Basalt of Hat Creek Valley (1 analysis; refs 12, 13). 


11, Basaltic (cognate) xenoliths in dacite of Modern Series Santorini Volcano, Greece (5 analyses; ref. 9). 


12, Basalt of Main Series, Santorini Volcano (4 analyses; ref. 9), 


13, Basaltic (cognate) xenoliths in andesite of Pitons du Carbet, Martinique, Lesser Antilles (2 analyses; ref. 14). 


14, Basalt of Martinique (3 analyses; ref. 14). 


result in a large rhyolitic component and substantial mixing. 
The Andes Mountains and Taupo Volcanic Zone are examples. 
Continental crust and extensional tectonics result in a large 
rhyolitic component and little mixing. The Yellowstone Plateau 
and East African Rift are examples. Oceanic crust and exten- 
sional tectonics result in a small rhyolitic component and little 
maxing. Iceland and Easter Island are examples. Finally, 
oceanic crust and compressional tectonics produce a small 
rhyolitic component and substantial mixing. Tonga and the 
Lesser Antilles are examples. 


Evolution of the crust 


in the model discussed here, andesitic volcanism involves both 
addition to the crust of new material from the mantle and 
fractionation of pre-existing crust. With time, these processes 
of thickening and fractionation would result in evolution from 
cceanic crust, thin and basaltic, to continental crust, thick and 
enriched in the low-melting component in its upper portion. 


Andesitic island arcs, where thickened oceanic crust is trapped 
over a heat source, appear to represent an early stage in this 
evolution. Critical factors which determine whether crustal 
melting, and hence crustal fractionation, occurs are thickness of 
the crust, the presence of water, and heat transport from the 
mantle, either by conduction alone or augmented by movement 
of magma. Mixing is simply a consequence of crustal melting 
induced by intrusion of basaltic magma. The higher the 
conductive heat flow from the mantle the greater the crustal 
melting accompanying basaltic volcanism. Hence this process 
of crustal fractionation may have been more efficient earlier in 
the Earth’s history than it is in modern island arcs. 


Discussion 


This view of andesitic volcanism is a departure from some 
current thinking on volcanic rocks, but closely resembles 
models for batholiths*?*?°*"**. As such it provides a consistent 
explanation for the origin of both the volcanic rocks and their 
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batholithic equivalents. The similarity of these volcanic and 
batholitic rocks extends beyond bulk composition to many of 
the petrological features discussed here’®. 
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Division, USDOE (contract W-7405-ENG-36). 
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When great tits forage in an unknown environment 
containing two feeding places of different profitability, they 
first sample the two places and then exploit the more 
profitable one. The balance between sampling and exploi- 
tation shown by the birds is close to an optimal solution for 
maximising the number of food-items obtained during a 
feeding period. 


RTA TACT A HEAR AAA MANA MAAA tet byrne EA TETELA AYR AY ph ADVAN HAN MOAR A MERE EE ARIA A tot nel! rk rp 


OPTIMAL foraging models, based on the premise that animals 
collect food in a way which maximises their net rate of food 


intake, have been quite successful in predicting the decision 
rules used by predators in laboratory experiments”, but so far, 
little work has been done on the problem of how a predator 
samples the environment. Sampling is an implicit necessity of 
optimal foraging models, which assume that the predator 


behaves as if it knows the availability of different prey types or. 





test whether or not the great tit, Parus major, uses a maximal 
efficient set of rules when sampling a patchy environment. 


patches of food. We describe here an experiment designed to 





Two possible methods of obtaini oe 
food intake with ing maximal 


a choice of foraging area 


al set up is extremely simple. The naive bird 
d with a choice of two foraging places (patches) which differ 
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in availability of food. The availabilities remain consta 
throughout a particular experiment, and the bird can or 
discover by exploration which of the two patches is better, Oh ; 
the bird has distinguished between the quality of the t 
patches, it should concentrate on exploiting the better o 
however, in Our experiment we are concerned with how thel 
makes the decision about which patch to expost, We x . 
that there are two simple types of maximising rules. On the 
hand, the predator might atlempl to maxinuse its rate of 
intake at every instant in time by always foraging in the į 
with thehigher expected reward rate. We refer to this stra fe 
immediate maximising’. Alternativel tor 
take: Maximise its intake over the: 
term gain in order to aeg 
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Define ‘future optimal payoff matrix’ E[al, a2] where 0< = a, < =(N—2)/2: 
re ee eae 











Each element of the matrix equals future optimal payoff for a subject that tried n times in each patch and got a, rewards in patch i. 








oes Ee a2] for all pairs a1, a2: 





Assume the subject has tried N ~2 times (a = (N - 2)/2) and decides to do both remaining trials in the patch which has given more 
rewards. | 


For all pairs al, a2 





Efal, a2])=2(max{al, a2}+1)/{n4+2) 


Move one stage backwards: 





n becomes n~ I 






For all pairs al, a2: 
[ Compute future payoff if subject does all remaining trials in the patch which has given more rewards (decision): 
| Compute future payoff if subject does one more trial in each patch and then decides (sampling): 
E Mer a ee E E: EE OETA E icici the EENE EAN E RE cer eat 
+ {probability both patches will reward) Efa l +i, a2+1] 
+probability only patch 1 will reward) Efal+ 1, a2] 


EOP OTE ARAN a ADAR EAE INORA nerd a iA 


+ (probability only patch 2 will reward Efal, a2 +1] 
+(probability neither patch will reward) Elai, a2] 

Redefine value of Elai, a2}: 
Elal, a2] sane Bis. Es} 
| Output whether Ep >> = Bg (decision } or otherwise (sampling): 








age i rA an rN a aa Sao ypy, sn CETO TAE 
~ aaia aaa r T E E EEE sac zi eeu 





























| N= total number of trials (time horizon’). 
a = wumber of trials in each patch up to current Stage. 
| a, = number of rewards obtained tn patch i. 


y= future payoff if subject decides. | wen, «eee 
oP emture payoff if subject samples once more and then decides. “~ N 





value of M, the point at which the predator decides to exploit, 
changes with p, and pa, the reward probabilities in the two 
patches. Intuitively, one would expect M to decrease as lpi pal 
becomes larger, and our model predicts the exact shape of the 
curve. om | l 
The details of our algorithm, which uses a Bayesian approach 
to describe the information possessed by the bird at each stage, 
‘are as follows. At the start of the experiment, the birds prior 
estimate of p (the parameter of the Bernouilli process which i 
- the reward rate in a patch) is considered to be B-d istributed i 
parameters (a, B), and therefore, with mean {a +t) +B — 
and variance (a +1XB+1)/(a+B+2)'(a+Bt 3). Rokk a 
tribution has the property that af tern trials with r camer 
(a+ r,B+n~r} Thus, it isensy to follow the state o 3 nee 
ð each trial. In simulating 116 eee > aas that the bird’s initial 
: =f th patches. This means that the Di mee 
t ce = 6, $ s e eee probability in the two patches 1s 
J estimate of the mean fewer verween Oand 1.0. THUS, after n 
a 4.50 with a uniform distribution Derwevu 







Nature Vol. 275 7 September 1978 


trials with a, successes, the bird's revised estimate of the reward 
rate p in patch / is (a; + 1)/(m +2). We investigated the effect of 
varying the prior, by calculating our predictions for the 
following values of a and B:a = 0,8 = 2:;a=0,B=0;anda=2, 
B=0. The model was rather insensitive to changes in the 
prior, most of the changes in prediction being between 10% 
and 20%. 

If, after n trials in each patch, the bird decides to sample once 
more, its expected payoff for the remainder of the foraging time 
is Es, whereas if it decides to exploit, its payoff is Ep. The 
optimal strategy is to choose the larger (E) of these two values. 
Es can be calculated in terms of the values of E at stage n + 1 as 
follows: 

Let 

Ti = (a; + 1)/(n +2) 


Then 
E;(a;, as, n)= 7, + mit mm Ela, + Ly art, n+ 1) 


+m om mE la, + 1, da n+ 1) 
+(1~- a )r.E(a,, a+, n+1) 
+- mI- w)E(@;, @2,n +1) 


and 
Ep(ai, as, n)= (N — 2n) max {m 3} 


Figure 1 gives further details. 

The model is simulated by starting with 2n = N and working 
backwards, generating Es, Ep and E recursively. At each stage, 
the model produces an n X n matrix giving the value of (Ep — Es) 
for each combination of values of a, and a;. When the bird is at 
the last pair of trials, Ep is clearly higher than Eg, assuming there 
is a difference in the two reward probabilities. As the simulation 
works backwards, it becomes more likely that, for any particular 
combination of a, and a2, the payoff for sampling once more in 
each patch (and hence acquiring more information about the 
profitability of the two patches) is higher than the payoff for 
deciding to exploit. The exact point at which this change from 

‘sampling to decision occurs depends on the value of the total 
number of trials N, which in effect represents the bird’s time 
horizon. For given values of a, and a>, the larger the value of N, 
the longer the bird should sample before deciding. We ran the 
.model with a range of values of N. 


The experiment 


In our experiments, the two patches consisted of two identical 
operant feeding places at opposite ends of an indoor aviary 
(measuring 4.3x3.7 m). The feeding places consisted of a 
perspex disk 35.5 cm in diameter enclosed in a shallow metal 
box measuring 38.5 x 38,5 x 9 cm. The disk was drilled with 72 
holes (diameter 0.7 cm, depth 0.4 cm) around the perimeter of 
its upper surface. Each of these holes contained a piece of 
mealworm (weight 0.07 g), and the bird had access to one hole at 
a time through a small horizontal window in the top of the box 
which enclosed the disk. To get at the next piece of food, the bird 
hopped on a perch next to the disk, which operated a solenoid- 
driven stepping cog to turn the disk through a small angle, 
bringing the next hole into line with the window. The reward 
rate was set on a pseudo-random variable ratio schedule using 
BRD modular logic units. This experimental set up is exactly 
analogous to that used in probability learning experiments’. 

The experiments were carried out between June 1976 and 
February 1977 and involved testing nine wild-caught, adult 
great tits. Each bird was first trained to perform the operant task 
and then given a series of tests of different treatments consisting 
of various percentage reward rates in the two disks. The values 
we used were 50:0; 40:10; 35:15: 30:20. It is important that 
although these ratios always summed to 50%, we think the birds 
did not learn this, as between each treatment they were sub- 
jected to a series of one to four ‘neutralisation’ tests in which 
both disks offered a 7.5% reward rate. These tests were always 
continued until the bird showed no marked preference for one 


29 


disk over the other; we used a low reward rate during neu- 
tralisation sessions because we found this to be effective, [f there 
was a slight preference, the less preferred disk was used as the 
more profitable place in the next treatment. A ‘treatment’ (for 
example, 20: 30) consisted of a series of between | and 5 10-min 
tests. We had to run a series of short tests because the birds 
sometimes emptied one of the disks of rewards before a treat- 
ment was completed. When this 1appened, we interrupted the 
treatment for a short time while the disk was refilled. During 
these interruptions the bird was ocked outside the test aviary 
without food, and in our analysis we always discounted the first 
20 hops after an interruption. Any particular treatment was 
continued until the bird had ‘decided’ to exploit one disk or the 
other (nearly always the more profitable place). 

The decision criterion was that the bird should perform more 
than 90% of a sequence of 100 heps on the preferred perch. This 
decision criterion was chosen after calculating the probability of 
the bird going back to the Jess profitable perch for a bout of 20 or 
more hops after different leng:hs of hopping bouts on the 
profitable perch. With the 100-Fop criterion the probability of 
this type of reversal is nearly asymptotic and is less than 5%. 
Each bird was tested twice with ad! five treatments, the sequence 
of testing being randomly chosen. At the beginning of each 
treatment, the test bird was deorived of its normal food and 
excluded from the indoor aviary while the disks were being 
loaded with prey. Preliminary trials showed that the birds 
worked at a constant rate (15 hops per min) throughout a series 
of tests after an initial 60-mia deprivation, which was the 
minimum period we used. The data were recorded on a 
computer-compatible event recorder which stored the informa- 
tion on magnetic tape. 


60 


40+ 


No. of hops to decision 





AREP CORNEA ERE PERETE: 


10 20 30 40 30 
Difference in reward probability 





a 
3 
Sara 
D 
Ž 
No. of hops 
Fig.2 a, The predicted (——, -~ ~ -) and observed (numberof 


hops before making a decision enine birds}. Three predicted curves 
based on the ‘sample-then-exploit’ model are shown. for N = 50, 
150 and 250. The observed means are close to 150 (continuous 
line) curve. Also shown are the 95% confidence intervals of the 
observed geometric means (we used geometric means to normalise 
the distribution). The x axis is -he difference in reward prebability 
between the two perches for che five experiments (for example, 
50:0, difference = 50; 35:15 difference = 20) b, A frequency 
distribution of lengths of tests. The modal value is close to N = | 30, 
which gave the bes: fit in Fig. 3a. F = 199. 
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Fig. 3 The observed number of ‘giving-up hops’ (unsuccessful 
hops before a departure) plotted against reward probability. The 
random curve is calculated taking into account the fact that the 
birds tend to hop in short bouts. If p is the probability of getting a 
reward on a single hop and q = (1 — p), then the expected number of 
giving up hops for bouts of 5=qp+ 2q°p+3q°pt+4qi p+ Saq°p. 
The observed points lie very slightly, but consistently above the 
random departure line, indicating that the birds tend to leave a 
perch after a run of bad luck. The observed points are + standard 
error, 


Treatment of results 


The results of these experiments showed that the birds followed 
the general pattern of behaviour assumed by our version of the 
two-armed bandit model. There was an initial sampling period 
during which the birds performed on average 42% of hops on 
the more profitable and 58% on the less profitable perch. This 
proportion does not differ significantly from 50:50, and is 
consistent with the constraint of equal sampling in our model. 
The slight bias towards the less profitable perch resulted from 
our experimental procedure of always starting with the higher 
reward rate in whichever perch was used less in the preceding 
neutralisation test. After the decision point, the birds spent 
virtually all their time on the more profitable perch; on average, 
95% of hops were on this perch, and the range for individual 
treatment means was 88-99%. Similar results, referred to as 
‘maximising’ on concurrent variable ratio schedules, have been 
obtained with pigeons’”. 

In terms of our optimal decision model, we can consider a hop 
as being equivalent to a single trial, so that we can predict, for 
each combination of reward rates, how many hops on each perch 
the bird should do before making the decision to exploit. Figure 
2a shows the observed mean decision point in each experimen- 
tal treatment and the predictions of the model for three values of 
N (total number of hops in the experiment), 250, 150 and 50. 
The fit to the model with N = 150 is good; not only is the 
observed curve the same shape as predicted, but the predicted 
values are all fairly close to the observed means. The other 
values of N give curves of the same general shape, but with 
predicted values too high or too low. The value of N which fits 
the data (150) is the modal value for the number of hops 
performed in a test (Fig. 1b). This suggests that birds are 
optimising over the ‘time horizon’ which they experienced most 
often during our experiments, but we do not know if the birds 
would optimise with a bigger value of N if they were accustomed 
to longer tests. We plan to test this possibility. There is a slight 
difference in the modal value of test lengths for different treat- 
ments, but as the treatments were presented in a random order 
there is no reason to suspect that the birds could modify their 
behaviour according to treatment. 

One way in which the birds’ behaviour differed from that 
implied in our model is that they did not sample by doing one 
hop on each perch at a time, but instead they hopped in bouts of 
about five. (The overall mean bout length before decision was 
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5.00, the range 3.00-16.5.) This makes no difference in predic- 
ting the average decision point, but if the birds had hopped tn 
rigidly determined bouts, the predicted decision point for a 
particular experiment would have to be a multiple of 5, which 
would involve reading every fifth matrix of the model's output. 
This tendency to hop in bouts probably explains why the ob- 
served points are above those predicted at the right-hand end of 
the graph where the bird should make a decision after about 10 
hops. 

The alternative goal we considered above was the strategy of 
immediate maximising, in which the bird always switches to the 
perch with the higher current expected reward rate. We used the 
8-distribution and the same starting values of a and B as above 
to predict, for any given experiment, at which point the birds 
should no longer switch back and forth if they were following 
this strategy. This predicted point is reached when expected 
payoff in the current patch never drops below that expected in 
the other one. The observed point was based on the decision 
criterion discussed above. The expected number of switches 
depends on the actual sequence of obtaining rewards in the first 
few moments of the experiment. In calculating the expected 
values we made the conservative assumption that the birds 
would continue to switch until the difference between patches in 
expected reward rate was greater than 5%. The observed mean 
values for the five treatments (50:5, 45:5, 40:10, 35:15, 
30:20) were 3.3, 3.6, 3.8, 6.4 and 9.6, whereas the correspond- 
ing expected values were 0.93, 1.3, 1.36, 1.3 and 3.25. If we 
relax the assumption that the birds cannot discriminate 
differences of less than 5% in our experiments, the difference 
between observed and predicted values becomes even greater. 
Clearly, the birds switch more than expected. In other words, 
they are not maximising in the very short term, but instead they 
behave as if they acquire information to achieve a longer-term 
optimum. 

Although the birds do not seem to switch according to the rule 
of immediate maximising, there is some evidence that switches 
between perches are related to short-term changes in reward 
rate. In Fig. 3 we plot the number of unsuccessful hops before a 
switch during the sampling period as a function of reward rate. 
The points lie very close to, but slightly above, the random 
departure curve. This random curve takes into account the fact 
that the birds work in bouts rather than single hops. Eight out of 
10 means lie just above the random curve (P = 0.05). This shows 
that birds have a slight tendency to switch after a run of bad luck. 
In other words, they have a weak component of immediate 
maximising in their sampling strategy. 


Discussion 


The bird’s behaviour approximates the prediction of a simple 
model based on a constrained optimal balance between 
exploration and exploitation, and does not fit the model of pure 
exploitation. The fit to the former model is close in spite of the 
fact that we have not yet directly incorporated a cost of switching 
between patches, In effect, we incorporated a small cost by using 
the rule that if the payoffs for sampling and exploiting were 
exactly equal, then the bird should exploit. In our experiment, 
this cost was small both in energetic terms and in time. However, 
in further developments of the model the cost of switching might 
be an important consideration. 

Our comparison of the two maximising models has been in 
terms of predicting the details of the bird’s behaviour, but an 
alternative approach is to compare the payoff, measured as 
number of rewards per test. On average, the two-armed bandit 
model achieves a slightly higher payoff than immediate maxi- 
mising, except in very short experiments with less than five 
trials'*, but when the reward rates are very different in the two 
patches (for example, 50:0) and the risk of a wrong decision is 
negligible, immediate maximising is just as effective. The 
difference between the birds’ behaviour and that predicted by 
the two-armed bandit model, although small, is sufficient for the 
birds to do slightly worse than either of the two models in terms 
of payoff. However, the difference is less than 5% of the 
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predicted optimum of the two- -armed bandit model (A.K. and 
J.K., in preparation). Thus, an analysis of payoffs enabies us to 
say that the birds are close to the optimum but does not 
discriminate between the two models, unlike the analysis of the 
birds’ behaviour. 

We have presented averaged data for the nine birds we tested, 
but individual variation was very marked. We considered the 
possibility that some individuals are more cautious (do more 
exploring) but are less likely to make mistakes. Five of the nine 
individuals tested made one or more mistakes. (that is, chose the 
poorer patch) in the 30: 20 or 35:15 tests. These individuals did 
not make decisions after fewer hops than the other four birds. 
The average number of hops before a decision for all treatments 
was 23.9+9.6 and 18.4+9.8 for the fallible and infallible 
individuals, respectively. If, however, we examine indiv idual 
treatments.in which a bird made an incorrect decision, it Is 
apparent that these tend to be cases in which the bird did little or 
no sampling. Examining the 18°20: 30° treatments (nine birds, 
two treatments each), only three out of the 13 in which a correct 
decision was made involved no sampling, whereas two out of the 
five in which the bird made a mistake were tests in which there 
was no sampling period at the beginning. 


Although the birds in our experiments behaved on average as — - 
if they were calculating an optimal balance between exploration 
and exploitation, we suggest that they use some simple rule Oa 
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averaged 6.3+1.0 VnC"' (row 2, Table 1). Figure 1c shows 
representative asymmetrical responses of a cell after 1.5h 
exposure to the fleld, and Fig. 2 plots peak depolarisation 
against charge ejected through the ACh pipette for two cells 
from the same culture. The sensitivities on the two poles of 
these cells were mapped before (cell a) and after (cell b) 
exposure to the field for 1.5 h. For the cell exposed to the field, 
the slope of the curve increased at the cathodal pole, and 
decreased at the anodal pole. In several experiments, we also 
mapped the sensitivity along the perimeter of the cell from 0° 
to 180°. It was consistently found that the positions with 
increased sensitivity were always centred around the 0° pole, 
whereas the sensitivities of all other positions decreased slightly 
from the control level. Figure 3 shows perimeter mappings for 
a control cell and three cells from three separate cultures 
exposed to the standard 10 V cm” field for 45 min, 1.5 h and 


3 h, respectively. 


To evaluate the degree of asymmetry in ACh sensitivity . 


induced by the electric field, we defined an asymmetry index 
with the formula described in Table 1. This formula gives a 
index of 0 for a cell showing equal sensitivities on the cathodal 
and anodal pole of the cell, an index of 1 when the sensitivity is 
entirely confined to the cathodal pole, and an index of 0.5 when 
the sensitivity is threefold higher at 0° than that at 180°. By 
plotting mapping data for a series of cultures exposed to 
different durations of the same field, we found that the redis- 
tribution of ACh sensitivity reached a plateau asymmetry index 
of about 0.5 (Fig. 4). 


Peak response (mV) 





Ontn (PC) 
Fig. 2 Dose-response curve of the muscle cell membrane to 
applied ACh. Curves were obtained by plotting peak depolarisa- 
tion produced by the picocoulombs of charge ejected from the 
ACh pipette. Slopes of lines drawn by eye were used as a 
measurement of sensitivity. Cells a and b were from the same 
culture and were mapped with the same ACh pipette before (a) 
and after (b) exposure to a field of 10 V cm™ for 1.5 h. Sensitivi- 
ties at O° and 180° were 9.3 and 8.8 V nC™!, respectively, for cell 
a, and in contrast, 14.5 and 4.3 V nC™', respectively for cell b. Em 
during mapping ranged between —100 to —104 and —94 to 
—98 mV for a and b, respectively. 


The asymmetric redistribution of ACh sensitivity was not 


due to the redistribution of acetylcholinesterase, the hydro- 
lysing enzyme for ACh, over the cell surface. When ion- 
tophoretic mapping was carried out using a pipette filled with 
3M carbachol (Sigma), a non-hydrolysable ACh analogue, 
similar asymmetrical redistribution of sensitivity was found 
(row 4, Table 1). It is interesting, however that the absolute 
sensitivity of these cells towards carbachol is about fivefold 
lower than that towards ACh in identical iontophoretic condi- 
tions. 

The redistribution of ACh sensitivity was a process 
independent of cell metabolism. In three separate experiments, 
cultures were preincubated in saline containing 10°? M sodium 
azide, 10°°M dinitrophenol and 10° M sodium fluoride for 
45 min. This treatment blocks the contraction response of these 
muscle cells to bath-applied ACh (1mM), indicating a 
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Poston 


Fg. 3 Mapping of ACh sensitivity at various points along the 
primeter of spherical muscle ceils (inset). Four cells from four 
erent cultures were exposed to a field of 10 Vcm™ for 0mm 
}, 45 min (O-——O) 1.5h (0----©) and 3h Œ- -0 

t Arrow indicated direction of field. 
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deletion of metabolic energr. Cells so treated were then 
to the standard field for 1.5 h, still in the presence of 
metabolic inhibitors. Post-field mapping indicated that 
ough the absolute sensitrvides decreased on both sides of 
tte cells (due to progressive loss of the membrane potentials), 
similar redistribution of ACh sensitivity still occurred (compare 
ws 2 and 5, Table 1). Consistent with the finding that the 
rved redistribution is a passive process driven by the 
&xternal field, we found that cytoskeletal elements do not seem 
b be involved in the redistritution process. Preincubation of 
he cultures in saline containing cytochalasin B (Sigma, 
LO ug ml~*) and colchicine (Sigma, 20 uM) for 1h does not 
affect the redistribution of ACh sensitivity subsequently 
induced by the field (row 6, Table 1). Such treatment is known 
to block active capping processes of surface receptors in other 


cell types”. 
The effect of Con A gnd neuraminidase 
The above observations ind cated that the redistribution of 


ACh sensitivity is consistent with a passive electrophoretic 
„redistribution of ACh receptors in the plane of the cell 


membrane. If there was inceed a redistribution of the pre- 
existing ACh receptors, immobilisation of ACh receptors 


Fig. 4 Rese of asymmetry irdex with increased duration in an 

electric field (10 Vcm™’) Data were from many experiments 

grouped for mappings done within 4h of removal from field. 

Error bars represent 95% confidence levels. The figures indicate 

the number of cells mapped for each duration. Data with dashed 

error bars indicate cultures which were preincubated with Con A 
for 10 min before the fleld was applied 
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Fable 1 Redistributia of ACh sensitivity induced by electric field 





ACh sensitivity? (V nC” ') 
At 0° (cathodal pole) At 180° (anodal pole) Asymmetry index’ 


9.45+0.65 9.44+0.63 0.01+0.02 
18.9+2.3 6.3+1.0 0.48+0.04 
18.44+3.8 9.11.5 0.33 +0.07 
4.0+0.9 1.3+0.4 0.49+0.08 
15.6+5.0 6.44+£1.5 0.37+0.11 
10.6+2.0 4.24+0.6 0.42 + 0.06 
7.3+1.4 7.9+1.2 ~0.04 + 0.08 
6.5+1.5 14.142 4 ~0.37 + 0.08 
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*All isolated spherical cells mapped successfully (membrane poential Em! = 80 mV, AE,,<10 mV during mapping) were included. Data were 
pooled from separate cultures (number of cultures shown in parentieses). As there was no relaxation of the asymmetry after the removal of field (see 
last section and Fig. 5), data were pooled regardless of the exact tme the mapping was carried out. 


Sensitivity presented as (average)+ 95% c.1. 


tAsymmetry indext = Sensitivity at 0° — Sensitivity at 180°/Sensitvity at 0° + Sensitivity at 180°, was calculated for each cell before averaging, and 


presented as (average) +95% c.1. 


before the application of the field should prevent the redisti- 
bution of ACh sensitivity. The following experiments using 
Con A provide such a control. Con A is a tetravalent lectn 
molecule that specifically binds to the a-D-mannose or a-p- 
glucose residues of cell surface glycoproteins and glycolipids”, 
and is known to crosslink and immobilise surface receptors’. 
In control cultures not exposed to the field, incubation wit 
Con A (Sigma, grade IH, 150g ml™') for 10 min did na 
greatly affect the absolute ACh sensitivity of the muscle cells 
The distribution of ACh sensitivity was essentially uniforn 
along the whole perimeter of the cells. For the cells prein- 
cubated with Con A then exposed to the standard field for 
various times, no significant asymmetry in the sensitivity was 
produced at the 0° and 180° poles (Fig. 4, open circles, and row 
7, Table 1). We have shown previously'’ that preincubation 
with Con A blocks the electrophoretic accumulation of the Con 
A receptors, as indicated by post-field fluorescent Con A ring 
staining. As the ACh receptor is probably a subset of Con A 
receptors’, the present finding is consistent with the idea that 
immobilisation through Con A binding prevents electro- 
phoretic movement of the ACh receptors. 


Fig. 5 Stability of asymmetrical ACh sensitivity after removal 
from the electric field. Data from 10 separate cultures were 
grouped into 90-min bins and averaged for cells exposed to 
the field for 1.5 without further pharmacological treatment 
(@——-@). Data were grouped into 30-min bins and averaged 
for cells either exposed to the field for 1.5 h, and then treated 
with sodium azide and DNP (at arrow) for the remainder of the 
experiment (O----©) or treated with cytochalasin B and 
colchicine (C----(1) during the entire experiment (1h pre- 
incubation, 1.5 h field, and post-field mapping). Each data point, 
on average, represents seven independent measurements. For 
clarity, error bars (+95% c.1.) are included only for the 90-min 
bins, 
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The surprising effect of neuraminidase treatment on the 
redistribution of ACh sensitivity provided additional evidence 
that the redistribution is electrophoretic in nature. 
Neuraminidase removes sialic acid from the cell surface, 
reducing the negative charges on membrane constituents”. We 
preincubated our culture with neuraminidase (Sigma, grade VI, 
0.1 unit ml”') for 1h at pH 6.6. The enzyme-containing saline 
was then substituted with culture medium and the field of 
10 Vcm™' was applied. Post-field mapping showed that the 
redistribution of ACh sensitivity reversed its polarity for all 
cells mapped (22 cells in three separate experiments; row 8, 
Table 1), as compared to cells not treated with neuraminidase. 
The sensitivity at the anodal pole increased greatly whereas 
that at the cathodal pole decreased. The reversal in the direc- 
tion of redistribution is probably due to the modification of 
charged groups on the cel! surface by the enzyme. The fact that 
ACh sensitivity increased on the cathodal side of the cells not 
treated with neuraminidase suggests that ACh receptors are 
positively or less negatively charged than other mobile 
membrane components. It is likely that ACh receptors are, in 
fact, negatively charged but contain fewer sialic acid moieties 
than other more negatively charged components. After 
neuraminidase treatment, they become among the most nega- 
tively charged components, and hence, accumulate at the 
anodal pole. It should be noted, however, that a full under- 
standing of the electrophoretic redistribution of various 
membrane components still requires more information on the 
interaction between the charged groups on the cell surface and 
on the effect of various counter-ions on the charged moieties. 


Stability of receptor aggregates 

An interesting finding in the present study is that field-induced 
asymmetrical ACh sensitivity always persists after removal of 
the field. Figure 5 shows the asymmetry indices for cells 
mapped at various times after removal from a 1.5 h standard 
feid. Previously'', it was shown that field-induced accumula- 
tion of the most mobile population of Con A receptors in these 
muscle cells undergoes relaxation after removal from the field. 
Rapid back diffusion results in the recovery of uniform dis- 
tribution within 30min. In our present study, for cultures 
exposed to a field of 10 V cm ` for 1.5 h, the asymmetry indices 
persisted for as long as the mapping was carried out (up to 5 h). 
The stability of the field-induced receptor aggregates is not 
dependent on cell metabolism. Figure 5 (open circles) shows a 
series of mapping data obtained from cultures exposed to the 
field for 1.5 h, but in which the regular saline was replaced (at 
arrow) with saline containing metabolic inhibitors (10° M 
sodium azide, 10°? M dinitrophenol). For as long as the cells 
remained viable under this treatment, we found no significant 
change in the stability of the asymmetry. Drugs disrupting 
cytoskeletal structure also produced no effect on the stability. 
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Asymmetry persisted for up to 4h in the presence of 
10 wg ml of cytochalasin B and 20 uM of colchicine in the 
saline (Fig. 5, open squares). 

Although stable against back diffusion, the field-induced 
ACh receptor aggregates were still electrophoretically mobile. 
When a field of the same strength, but different polarity was 
applied to a culture previously exposed to the standard fleld, a 
second accumulation of the ACh receptors occurred at the new 
cathodal poles of the cells. The sensitivity at the original 
cathodal pole declined to the control level (unpublished data). 
Our observations on the accumulation of ACh receptors by the 
field, the stability of aggregates against back diffusion and their 
mobility under subsequently imposed fields of different polarity 
have now all been confirmed using fluorescently labelled a- 
bungarotoxin™, a venom protein known to bind specifically to 
ACh receptors. 

In conclusion, we have demonstrated the electrophoretic 
movement and localisation of a specific membrane pro- 
tein/ionic channel in the plane of the cell membrane. The 
technique of in situ electrophoresis reported here may prove 
useful in perturbing the receptor topography on the cell surface 
and in dissecting the dynamics of receptor interactions. 
Whether endogenous electric fields within developing tissue 
are involved in the localisation of cell surface receptors remains 
to be elucidated. 
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letters to nature 


Origin of pregalactic 
microwave background 


THE photon density in the observed thermal (~2.7 K) 
microwave background is n,.~400 cm *. This contrasts with 
the present mean baryon density in the Universe, Ayo, which is in 
the range 10°*-10°°cm™*. In the standard ‘hot big bang’ 
cosmology, the ratio n/n, is essentially constant during the 
expansion, its value being 

S = n,/ny~ 3.6% 107 (OA7Y". (1) 


h denotes thé Hubble constant H in units of 100 kms’ Mpc’, 
and Q=$rGpH7 is the usual density parameter. ¥ is an 
undetermined free parameter of the ‘primordial fireball’: the 
standard ‘hot big bang’ theory as yet gives no reason that S 
should be ~10* rather than (say) ~10* or ~1077. Its observed 
value could be more readily understood in a different theory that 
attributes the radiative energy and entropy production to cal- 
culable processes in a specified epoch. There have been various 
proposals along these lines’*, but none has found as much 
favour as the standard ‘hot big bang’ cosmology. This is because 
production of the radiation at a redshift z requires a mass- 
energy conversion efficiency of the order 


Owl Pp ™2.5X 104 (1+2 XARI (2) 


This is implausibly high if z is large enough (10°) to permit 
thermalisation by H and He plasma alone’; on the other hand, 
if z corresponds to the epoch of galaxy formation (or later), 
adequate thermalisation at centimetre wavelengths : requires 
implausibly efficient opacity’ *. Here a possible non-primordial 
origin of the microwave background is outlined that seems less 
contrived than other such schemes. 

For reasons outlined below, the dominant form of mass in the 
present Universe could be ‘dead’ remnants of massive or 
supermassive stars that formed when t10* yr. The active 
bright phase of these objects would last 10” yr (and would be 
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over long before galaxies assembled as identifiable units) but 
could have generated enough radiation to satisfy equation (2) at 
z = 100. The uncondensed gas could, even at this early epoch, 
have been contaminated by the products of nucleosynthesis: it 
could contain heavy elements, molecules and dust, and would be 
dense and opaque enough to thermalise this radiation at a few 
hundred degrees, yielding a present-day microwave background 
with the characteristics observed. 

To motivate a fuller astrophysical discussion of the radiation 
production and thermalisation, a general argument is outlined 
first which shows why this type of model naturally ‘predicts’ a 
value for ¥ of order 10°. 

Associated with any luminous gravitating objects where elec- 
tron-scattering provides the dominant opacity is a critical 
luminosity, the ‘Eddington luminosity’ Lg, for which radiation 
pressure balances gravity. A characteristic timescale for con- 
version of rest mass into radiation is then’® 





Mc’, COT 
—=f,.= m= 4x 10° 
Lg 4rGm, a 6) 
The lifetime of stars is related to this by 
L ~] 
t=8| 7 s 4 
e(z) i 4) 


g being the efficiency of the energy source’’. For massive and 
supermassive stars L ~ Lg; and the expressidn (4) also gives the 
time taken for an accreting black hole of mass M to radiate 
eMc’. 

Suppose that at some early time t, some fraction F of the 
content of the Universe turns into self-gravitating objects which 
thereafter each radiate at a rate YZ,» until they have radiated 
away a fraction s of their mass—energy. This will take a time 
(eY')t,. At that time (assumed »1,), the radiation energy 
density p, will be teFp,, the factor } arising from redshift effects. 
But p is related to t by p = (6r GY? (for (1+z)>07"). If the 
radiation were to be thermalised, its temperature T „a would 


| 
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be given by aTh, =p,c°. When the radiation constant a is 
written explicitly as w°k*/15c°h° this yields 


kT aat 18 / GMN ð m.\4/ e” 
FAO 


3 
Ye F (5) 








and, as the photons have average energy ~2.3kT, F= 
[m,c°/(2.3kT)|p,/p, which can be written 
EFE) 


sa( L (AE r o 
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This argument can be generalised to situations when Y and F 
are time-dependent. However, we will aways find an expression 
for F which involves a fourth root of the ubiquitous ‘large 
number’ (~10*°) multiplied by a set of model-dependent factors 
whose product is generally somewhat less than unity. It is thus 
not ad hoc that the class of non-primordial models discussed 
here yields background radiation with ¥ = 10°; on the contrary, 
equation (6) displays an explicit reason that this should be 
expected. 

Three specific astrophysical arguments pointing towards a 
phase of pregalactic star formation are: (1) data on their dimen- 
sions and spatial distribution suggest that galaxies have 
developed from density irregularities in the early Universe with 
a smooth spectrum of form (6p/p)x M "Gs a =4)) (refs 12- 
15). If this spectrum continued towards smaller scales, then gas 
clouds of <10% Mo would already have condensed out— 
collapsing (and possibly fragmenting) into star-like objects—at 
t<10° yr. (This conclusion is insensitive to the Universe's 
thermal history at earlier times.) 

(2) More than 80% of the material in the Universe seems to be 
‘dark mass’ in galactic haloes and clusters of galaxies'*"'’. This is 
consistent with the view'* 7° that most matter was incorporated 
into one or more generations of O or B stars or supermassive 
objects which, after a ‘brief’ (~ 10’ yr) phase at luminosity ~ Lg, 
collapsed to form dark remnants. These remnants subsequently 
clustered gravitationally on progressively larger scales, and 
provided the potential wells in which the luminous content of 
galaxies eventually condensed’>, 

(3) Recent evidence that Fe has almost a solar abundance in the 
intergalactic medium*'*? suggests that pregalactic nucleosyn- 
thesis'®™?" may have occurred. 

In this hypothesis, several per cent of the rest mass could have 
been converted to radiation, through O or B stars with L = Lp 
supernovae, recycling of debris through successive generations 
of exploding stars or supermassive objects, accretion of dense 
surrounding gas on to compact remnants, and so on. Thus, even 
when t<10’ yr (z 2100), p,/p, can be lifted to the value of 
equation (2), so that—given adequate thermalisation—it can 
provide the whole microwave background. 

Nucleosynthesis could have suiplied heavy elements by 19 
10° yr (even if they are not produced ‘primordially’ in some 
non-standard ‘big bang’). At z=100 the mean densities and 
probable composition throughout the entire Universe resemble 
mterstellar clouds in our present-day Galaxy: we may expect 
molecules, and carbon or silicate grains. The radiation densities 
and path lengths are, however, orders of magnitude larger, and if 
the radiation were thermalised its temperature would be several 
hundred degrees. 

If thermalisation processes can produce a 2.7 K background 
that is thermal at a present wavelength A» (and we know the 
background ts close to a black body spectrum at least for 
4g © 30cm) then the pregalactic medium must have been opaque 
at wavelengths Ay(1+z)°' where z = 100 and T2270 K. 

Three contributors to the opacity are dust, molecules and the 
ronised component of the medium. 


First, dust: the effective absorption cross-section of a grain of 


radius z can be written Q(A)oG, og being the geometrical 
cross-section. When A >r, generally Q(A)«1. In fact, for 
spherical grains one expects Q(A)S QmadA)=4a(r/A). This 
means that if Q(A)= Owma,(A) the column density of material 
needed to yield optical depth unity at a wavelength A (>r) is 
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proportional to A but independent of r: for grains with typical 
density ~2 gcm™* it is ~2/3(A/1 cm) g cm”. The characteristic 
column density of the Universe at redshift z is ~0.14(1+ 
z7 Qh gcm™. To providen optical depth 21 at redshift z 
for radiation whose present wavelength is A, the fraction of 
material in the form of grains must satisfy 


Parain Ao 1 -572 Q maxlÀoll +2) ) 
p si a QÀ +zyY `) 


Q is higher at shorter wavelengths, so whenever equation (7) 
holds at centimetre wavelength any radiation emitted in the 
optical or ultraviolet (UV) band will be quickly transformed 
(perhaps by a sequence of absorptions and re-emissions) into 
softer radiation and adequately thermalised within the expan- 
sion timescale for the Universe. 

Second, molecules: if some heavy elements are combined into 
simple molecules (H:O, CO, CS, and so on) then the lines 
corresponding to the rotational transitions will be smeared into 
overlapping continua by the Hubble expansion. If the levels are 
in thermal equilibrium (and so populated in accordance with 
statistical weights when separated by energies <k7) the condi- 
tion for a given molecule, with fractional abundance n,,.,/n and 
dipole moment u Db, to provide 7 > 1 at Ag(1 +z)" is?“ 


Hmoi/ A =5™x 10 u aa + zy? Ao/1 cm) (8) 


Third, free-free absorption by the ionised component: the 
primary sources of the radiant energy may supply UV photons 
capable of ionising the pregalactic medium. If there is sufficient 
dust to contribute to thermalisation, it will have a very large 
optical depth to these photons (see ref. 7). The grains are 
therefore very efficient at converting the energy of one ‘hard’ 
photon into many softer ones. Even though this means that most 
of the radiation energy density will be in the IR rather than the 
UV, there may, nevertheless, be enough photo-ionisations to 
maintain n/n at a significant fraction. The high density of soft 
photons has the interesting consequence that the Compton 
cooling time tomp = 3 X 10'"(tag/270 KY* s may be less than the 
recombination time f,..*=2*10''nz'(T/270 KY} s. In these 
conditions, the electrons may have T,= Tyg («10*K) even 
when n,/n is igh. Free—free absorption, important only at long 
wavelengths, will then enhance the thermalisation rather than 
distorting the spectrum’. The free—-free optical depth exceeds 
unity for 

IRAN ANI 
Ag22X*10°A P71 +2y29-27( 72) (=) 


3 
n n? 


= 

P eee mmm 
2.7(1+2) 
but the value of n. is too model-dependent to permit any firm 
estimate of how important this process is. 

One example will show that thermalisation is no great 
problem for this general scheme. Suppose that Q =A = 1, and 
that 0.5% of the mass energy has been converted into radiation 
when f= 3x 10° yr (z = 200) This satisfies equation (2), and 
corresponds to a radiation rate of order Leg, assumig that most of 
the mass ts involved in the pregalactic phase of star formation. 
Thermalisation at Ao < 30 cn would be guaranteed even if only 
2.5 x 10°*(Qmax/Q) of the material were incorporated in grains. 
The actual value of Q depends on grain properties, but small 
grains of amorphous silicates may have Q =Q ma; at all 
wavelengths up to ~1.5 mm {refs 26, 27) (the wavelength at 
z = 200 corresponding to 30 cm at the present epoch). There is 
thus no need to invoke grains of exotic shapes or constitutions? ^. 
Equation (8) suggests that molecules may be important: one 
requires only 3 x 10°° (by number) in the form of some molecule 
with u = 1. The considerations leading to equation (9) suggest 
that te free electrons in the pregalactic medium would be cooled 
by Compton drag to kinetic temperatures of a few hundred 
degrees: this provides a favourable environment for molecule 
formation”. 

The detailed physics of the thermalisation (and the epoch 
when it occurs) are quite uncertain: all that can be argued here is 


Q hT! (7) 


yo cm (9) 
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that the general scheme is plausible in order-of-magnitude 
terms. The following types of observation are, however, rele- 
vant. (1) Background spectrum: although the spectrum should 
be essentially thermal, deviations from the Planck law might 
arise if energy were injected at epochs when thermalisation was 
no longer fully effective at all wavelengths. Also, if some volatile 
contributor to the opacity with a spectral feature at some 
wavelength A, were to condense out at a well-defined tempera- 
ture T,, then the background spectrum might now display a 
feature at wavelength A,(7,/2.7 K). (2) Small-scale isotropy: 
the effective source of the microwave photons reaching us would 
lie at z = 100, when they were emitted by a grain or molecule, or 
scattered by a free electron. The expected amplitude of the 
temperature anisotropies due to inhomogeneities would be 
similar to those predicted by the ‘hot big bang’ picture. An 
interesting difference in the present scheme, however, stems 
from the fact that various wavelength-dependent opacities (and 
not just electron scattering) are important: this means that the 
angular fluctuations observed at different wavelengths need not 
be correlated, as the location of the ‘cosmic photosphere’ 
depends on wavelength. (3) Galaxy formation and ‘missing 
mass’: any observations bearing on galaxy formation, the value 
of Q, and the nature of the ‘dark’ mass in galactic haloes and 
clusters are relevant to the ideas discussed here. 

In conclusion, there are astrophysical reasons for expecting a 
large radiative output from pregalactic events when f= 10’ yr. 
This radiation could be thermalised, and would now be 
comparable in temperature to the observed microwave back- 
ground. It is thus tempting to suppose that essentially all this 
background originated in this way rather than being a vestige of 
a hot ‘primordial fireball’. The general argument leading to 
equation (6) then allows us to understand why the parameter 
S#—whose value is unexplained by the ‘hot big bang’ theory—is 
~10*. The arguments pertaining to helium and deuterium are 
thus our only real clues to the entropy and dynamics at much 
earlier eras; and the options of non-zero lepton numbers or 
non-Friedmannian dynamics complicate this issue (as do the 
uncertainties about nucleosynthesis in the pregalactic objects 
themselves). The very early Universe thus seems a topic for 
conjecture rather than consensus while such obscurity veils the 
first 3 Myr. 

I thank Michael Rowan-Robinson, Bernard Carr, Bernard 
Jones and Simon White for helpful comments. 
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Venus’ rotation and atmospheric tides 


VENUS rotates with a period of 243.00+ 0.04 d retrograde’. 
The obliquity, or angle between the spin vector and orbit 
vector is 178+ 1° (ref. 1). Both she long period and the near 
180° obliquity suggest that the spin has evolved under the 
influence of tidal torques. Tides raised by the Sun in the body 
of Venus would de-spin the panet in ~10°vr if no other 
torques were acting’. The final state would be one of synchron- 
ous rotation (one side always facing the Sun}. So either we 
are living during the final stages of Venus’ tidal evolution, an 
unlikely circumstance, or else Venus has already reached a 
stable equilibrium in which other influences balance the solar 
body tide. It is possible that the Earth has ‘captured’ Venus 
into a resonance in which tie spin period is 243.165 d. 
However, for this resonance to be a stable equilibrium, either 
Venus must have a gravitational field that is ~10 times 
‘rougher’ than the Earth’s’, a pessibility that is largely ruled out 
by direct observation’, or a thisd torque must balance the body 
torque due to the Sun. Tides in the atmosphere driven by 
periodic solar heating could supply the necessary third 
torque**, but no quantitative -heory has previously been pub- 
lished. Such a theory’ is preserted here, in which we argue that 
the current rotation is a stable balance between atmospheric and 
solar body tides. 

Because the atmosphere is thin compared with the radius, 
tidal torques on the atmosphere depend only on lateral varia- 
tions of atmospheric column density, which is proportional to 
surface pressure. Although less energy is absorbed at the sur- 
face than in the clouds (100 W m™* compared with 500W m? 
at normal incidence)’, heating at the ground is the dominant 
source of surface pressure variations. This follows from the 
25-fold decrease in solar d:urnal period, from 117d at the 
surface to 4d in the clouds’. and the fact that surface pressure 
oscillations vary roughly as (period) x (pressure) ' at the 
level of absorption. 

It is not difficult to show that the power absorbed by the 
ground is quickly exchanged with the lower atmosphere. A 
simple model, representative of more distributed forcing, treats 
this heating as being confined to a thin layer above the surface. 
Because of the rigid lower boundary condition, such heating 
does not excite significant :idal oscillations in the atmosphere 
above, and fluid parcels within the heated layer remain 
approximately at constant pressure. The rate of change of 
column density is therefore 


| Pee — dz = == 1) 
Ti Ta TT, d. 





















where Zo is the thickness of the heated layer. ¢ is time, p is 
atmospheric density, To is surface temperature, c, is specific 
heat at constant pressure, and F is the heat flux (in Wm’) 
absorbed by the layer. To simulate the finite residence time of a 
heat pulse in the lower atmosphere we replace d/dr by d/dr+ 
1/7 where 7 is a thermal time constant associated with boun 
dary layer processes and is in general a function of the forcing 
frequency. 

Equation (1) is solved tor the column density as a function of 
planetocentric latitude, longitude, and time, assuming th 
lower atmosphere rotates with the solid body. The heat flux 
is expressed as a function of these variables by assuming F = 
on the night side and F = Fy cos g on the day side, where ¢ 
the solar zenith angle. The column density is then multiplied b 
the gradient of the tida potential, crassed with the planetar 
radius vector and integrated over the spherical surface to giv: 
the net torque on the atmosphere. In a steady state, this torqus 
must be transmitted to the crust. The torque may be resolve: 
into a component parailel to the spin axis, which affects t 
magnitude œ of the spin angular velocity, and a perpendicu 
component which affects the obliquity. Defining the angle 8 
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Fig. 1 Balance of torques on Venus. As only the semidiurnal 
components of the tides produce a torque, an ‘image Sun’ is 
shown diametrically opposite the true Sun, to make the picture 
symmetrical and to aid visualisation. The Sun is held fixed in this 
sketch so that Venus is rotating clockwise as seen from north of its 
orbit plane. The inner oval represents the tidally distorted figure 
of Venus, while the outer oval represents a surface of constant 
atmospheric pressure; the outer oval may also be regarded as the 
surface of an ocean of equivalent mass. Solar radiation raises the 
air temperature in the afternoon and causes mass to flow to the 
colder morning region. The high-pressure areas as well as the tidal 
bulges in the body of Venus are fixed with respect to the Sun (but 
not with respect to the surface). The gravitational attraction of the 
Sun, represented by arrows in the diagram, thus exerts contrary 
torques on the atmosphere and body of Venus. 


the supplement of the obliquity, for 8 « 1 (as at present) one 
obtains 


dw maa 
ee ee O 2a 2 ) 
id teres (2) 
1 dg pai 
= m o [- | - 8 (20 any Alwan) 3 
B dt (8e,TeCw j2 820 +2n)—S(w+2n)+5(w)] (3) 
where 


S(o)=alo°+r7y! (4) 


Here n is the orbital angular speed, ro is the planetary radius, 
and C is the planet’s greatest moment of inertia. 

Equations (1)-(3) have a simple physical interpretation. 
Heating at the ground causes temperature to rise and column 
density to fall (equation (1)). Hence there is a mass concen- 
tration at the coldest time just after sunrise and a mass deficit at 
the hottest time just before sunset. The Sun’s gravity acting on 
the sunrise side leads to a torque that tends to speed up the 
atmosphere (Fig. 1). The relevant frequency 2w +2n is that of 
the solar semi-diurnal tide (equation (2)). The obliquity is 
affected first by the component of the semi-diurnal tidal torque 
that acts perpendicular to the spin axis (frequency 2w +2n), 
and second by the tides at frequencies w and w +2n that result 
from the annual migration (at frequency n) of the sub-solar 
point across the equator, modulated (at frequency w +n) by the 
motion of the Sun relative to the surface (equation (3)). 

The gravitationally induced tide that acts on the solid planet 
‘eads to expressions of form similar to those above’: 


dw [3k,GMare 

Grol date | [eG +2m) ~ 
ld 3k.GMara]1 
pa [ate [plea 42m) +elu +20)-r10) 


| (6) 
Symbols are defined in ref. 2.) The e(0)~Q™' are phase lags 
with the same sign as o that depend on dissipation in the solid 
planet. Q(o) is the quality factor for oscillations at frequency ø. 
values of Q for Venus are unknown, but analogy with the 
Farth suggests 30 <= Q < 100 (ref. 9). 

| According to equations (2) and (5), atmospheric tides tend to 
crease w away from synchronous rotation, while solar body 
des tend to drive the spin toward synchronism. For 700 
pong thermal response time), balance at the current diurnal 
priod of 117 d requires Q = 30, as shown in Fig. 2. For smaller 
| balance at the current period requires larger Q. Equations 
> and (6) indicate that the current state is stable to obliquity 
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perturbations provided 7 is less than about 2 weeks. The Earth 
resonance is also stable provided atmospheric and solar body 
tides balance at a period sufficiently close to the resonant 
period. 

We have shown in which conditions the current rotation 
might be a stable equilibrium. As shown in Fig. 2, there is also a 
prograde equilibrium state with a diurnal period of 117d (spin 
period = 77d). The stability of this state may be analysed by 
substituting m — 8 for 8 and ~n for n in equations (2)—(6). Our 
analysis shows that when one of the two equilibrium states in 
Fig. 2 is stable to obliquity perturbations, the other is unstable. 
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Fig. 2 Tidal torques plotted against the diurnal frequency 
(w+n)\Qar)° for spin vector parallel to the orbit vector. Atmos- 
pheric torques (curved lines) tend to drive the spin away from syn- 
chronism, and are shown for values of the thermal time constant 
7%, The solar tidal torque on the solid body (horizontal line) 
tends to drive the spin toward synchronism, and is shown for a 
value of the quality factor Q = constant = 30. This choice of Q 
ensures that atmospheric and solid body torques together drive 
the spin toward the current diurnal period of 117 d. Torques due 
to Earth resonances (vertical lines) tend to hold the spin period at 
the resonant frequencies, and are shown for a value of (B - 
A)C~'=2.2x 107°, similar to that for the Earth. Here A, B, C 
are the three principal moments of inertia of Venus, with A< B< 
C. For this amount of gravitational roughness, the Earth torques 
are too small by an order of magnitude to overcome the solar solid 
body torques, unless the solar torques and atmospheric torques 
balance near a resonant frequency. A recent analysis’ of radar 
data suggests that the spin period is very close but not equal to 
that required for resonance with the Earth. 


However, in general, other equilibria (both stable and 
unstable) can occur with obliquities between 0° and 180°. A 
more complete theory to be presented later indicates that 
Venus probably originated with a retrograde rotation in order 
to have evolved to the current retrograde state. 
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Optical detection of local 
interstellar particles o. 
during an out-of-ecliptic mission 


THE contribution to the zodiacal light (ZL) by interstellar grains 


and analyses of the ZL and of the local interstellar medium 
provide a firmer basis for placing limits on the brightness of the 
interstellar (IS) relative to the interplanetary (IP) component. 
The proposed NASA/ESA ‘out-of-ecliptic’ (or ‘solar polar’) 
mission’ provides the best and perhaps the only observational 
method to distinguish between these two components. 

To estimate the interstellar dust density, we make the usual 
assumption that the number density of the interstellar particles 
(715) is related to the local hydrogen number density in the ratio 
of 10°"? {see ref. 5). The local hydrogen density within a few 
parsecs of the Sun has been observed to be ~0.1 cm” (ref. 6) 
which suggests that we are currently passing through an inter- 
cloud region of the galaxy. We infer from this gas density that the 
IS dust content is about ng = 10°? cm™*. 

The effect of the Solar System on the ambient IS complex of 
gas and dust is unknown, Although several mechanisms have 
been proposed either for capture” or the sweeping out of 


interstellar grains, none of the results are conclusive because of- 
uncertainties in the basic assumptions. The most efficient 


mechanism for deflecting interstellar particles (if charged) is 
probably the Lorentz force exerted by the magnetic field asso- 


ciated with the solar wind”. Levy and Jokipii’ estimate the ratio | 
of the Lorentz to the gravitational force (F,,/F.) at 1 AU to be. 
10, but their use of an IS particle size of 0.02 pm is too small by 
at least a factor of five for the classical size particles'’. If a- 
realistic particle size of characteristic radius 0.12 um is used, a 
ather than >1) is derived, 
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We estimate the monochromatic IS contribution to the ZL by 
scattering of solar radiation from an arbitrary distribution of ©. 





interstellar particles from the brightness integral? 
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which becomes, for a uniform IS density, 





where LOS is line-of-sight, fo(Ro/RY is the solar flux a 4 P 
typical volume element at a heliocentric distance R, @ ithe Z 


scattering angle, ajs(@) is the differential scattering eros: 
of the IS dust, and d/ is measured along the LOS. Th 
equation (1b) is calculated from A 





where 6 is the closest solar approach of the LOS € is the 
elongation angle (see Fig. 1), and k is the wave nuctber (297/A) 
of the incident radiation. For he scatterin g function F(#), we 
use a dielectric dust model’. Ata wavelength of 4,400 A, the 
conversion of egs radiance units to t Sig( V) (using the 
observational parameters recommenc Sparrow and 
Weinberg '*) is we 
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where S,o{V) is defined as the radiance produced by a 10th 
visual magnitude solar (G2V) star per square degree. pen 
According to the model shown in Fig. 1, at the Earth (6 = 
| AU and for e = 90°), the IS contribution to the ZL is only about 
1 Sio( V). This value is not only below the limit of detectability of 
~2—3S,o(V) (ref. 15), it is also totally masked by the 
200 Sio(V) contributed by the IP particles, On the other hand, 
viewing sunwards from a space craft (locates at R =] AU} along 
an LOS parallel to the ecliptic plane and 1/2 AU above it 
(out-of-the-ecliptic), the IS brightness estimated from equation 
(2) for the then appropriate value of e = 27° is ~ 28 Syl V} which 
is well above the limit of detectability. Furthermore, this IS 
contribution may be distinguishable from the IP component. 
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As knowledge of the size and spatial distribution of the IP 
particles out of the ecliptic is lacking, we derive the maximum 
amount of IP dust 4 AU off the ecliptic that would still allow the 
IS component to be distinguished. Let f- ny be this amount, 
where mp is the dust density in the neighbourhood of the Earth 
and f is the fraction to be determined. As a reference point, the 
neighbourhood of the Earth has a volumetric scattering cross 
section of mp oyp(90°)= 7.8 107°? em” sr! (ref. 17). For @ = 
45°, the scattering cross section a p(45°) is about 1.77 oip(90°) 
(ref, 18). 

Our minimum distinguishability criterion is that the ratio of 
the interstellar to interplanetary contributions be greater than 
25%. For the case treated above for the interstellar contribution 
at + AU above the ecliptic, then 

Zig _ mgois(45°) 7.5107! x 107" 
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Extent of hot intergalactic 
gas in the cluster Abell 2218 


A SMALL cooling of the microwave background towards the 
centre of the rich, distant cluster of galaxies Abell 2218 has been 
detected’. This decrement has been attributed to the inverse 
Compton scattering of photons of the background radiation by 
electrons in a hot intracluster plasma, as predicted by Sunyaev 
and Zel'dovich’. We report here new observations in several 
different directions towards the cluster which confirm the earlier 
results and provide an estimate of the extent of the gas, 

The new measurements were made during the period Febru- 
ary 1977 to May 1978 at the SRC Chilbolton Observatory, and 
consist of 199 h of observation at points north and south of the 
Abell cluster centre’ and 54h further at that position. As in 
previous measurements’”, these observations were made at 
prime focus of the 25-m telescope operated at 10.6 GHz, using a 
twin-beam system with a beam-throw of 15 arc min in azimuth 
and HPBW of 4.5arcmin. The receiver incorporated a 
parametric amplifier with noise temperature about 180 K and 
bandwidth 250 MHz. The experimental method and data- 
reduction have been described in detail elsewhere”. 

Table 1 shows the coordinates of the positions observed and 
the temperature decrements measured there. No corrections for 
the presence of nearby radio sources are needed’. The present 
results are consistent with earlier measurements near dec 66° 
20'—~as discussed by Birkinshaw, Gull and Northover*. The 
measurement at dec 66° 18’ was made to check on the strong 
detections at 66° 16’ and 66° 20’ and to furnish another point 
close to the cluster centre. Its presence leads to an appreciable 


Fig. 1 The galaxy strip count, N, in arc min bins and the observed 

temperature decrement at each point, AT, plotted as functions of 

declination, 8 (1950.0 coordinates). The solid line is the AT profile 

of the best-fitting y = 5/3, €= —0.15 atmosphere convolved with 

the beamshape of the Chilbolton telescope. The linear scale, D, at 
the distance of the cluster is also marked. 
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Table 1 Measured temperatures towards the observing positions in Abell 2218 





Distance from cluster 


Observing coordinates (1950.0) ' 
RA Dec centre (arc min) Time of observation (h) Result (mK) vy? —~V¥a-1 
16h 35min 42s 66° 12’ 65 38 —0.03+0.31 1.58 
66 16 25 69 —1.49+0.23 0.22 
66 18 0.7 23 . —1.11+40.31 : 1.14 
66 20 1.6 137 —105+0.21 2.80 
66 24 5.6 69 —0.42 +0 22 1.05 





Tabie 2 Parameters of Abell 2218 


Abell cluster centre (1950.07 RA 16h35min 42s 
Dec 66° 20’ 

New centre position (1950.0) RA 16h 35min 37s+ 5s 
Dec 66° 18'.5240' 5 

Best X-ray position (1950.0)* RA 16h 35min 42s+ 40s 
Dec 66° 20'+4’ 

Distance clase? 6 

Richness class” 4 

Redshift’ 0.207 

Distance (for Hp = 50 kms”) Mpc’) 1,262 Mpc 

Cluster core radius, a (defined in text) (1.94 0 2) 10“ rad 

(240 kpe at A2218) 


X-ray luminosity (2-10 keV)* e a 
Best-fitting atmosphere for y = 5/3, ¿č = —0.15; 


Central density 2x ge kgm 
Central temperature 8x10°K 
Mass of gas 10** kg 


(Mase of gas)/(total mass of cluster) 0.08 


* 1. McHardy personal communication. 


\ 


oversampling at the scan centre. In view of the asymmetry of the 
temperature decrements about the Abell centre at 66° 20’, 
galaxy counts of this region were made from a copy of the 
Palomar Observatory—National Geographic sky survey red 
plate. New values for the position of the cluster centre and for 
the core radius, a, fitted to the assumed total density distribution 
o(r)=p(OKi+r/a*)*”? were determined from the counts— 
these and other cluster parameters are given in Table 2. Strip 
counts across A2218 and the measured values of the tempera- 
ture decrement, AT, are plotted together in Fig. 1. It is evident 
that the Zel’dovich cooling is strongest at the cluster centre and 
decreases rapidly away from this point. A similar scan on a 
region of blank sky shows no such systematic deviations’. 

To evaluate the reliability of the detection of an extended dip 
in the background, the data of Table 1 were fitted to four 
models; (1) no effect—a zero value at each point in the scan; (2)a 
constant effect, ATo, corresponding to a systematic offset; (3) a 
point-like ‘source’ at the cluster centre, parameterised by the 
peak cooling, ATo, and convolved with the beamshape; (4) an 
extended, adiabatic atmosphere with polytropic index y = 5/3, 
and cluster filling factor’ €=—0.15, again convolved to the 
beam and parameterised by AT». 

In the last three cases, the best-fitting values for AT, were 
found, and y? were calculated for all the models. The results 
were: (1) x? = 83.4, 5 d.f.; (2) x? =20.1, 4 d.f.; (3) x? = 13.7, 4 
d.f.; (4) x” = 6.4, 4 d.f. These values are such that all but the last 
hypothesis can be rejected at the 1% level (the probability of a 
greater value of y” for model 4 is about 0.18). Hence our data 
constitute strong evidence for an extended atmosphere in Abell 
2218. The AT values corresponding to the best atmosphere of 
type 4 are plotted in Fig. 1. The central temperature and density 
required to produce the observed X-ray flux density and 
temperature decrement are given in Table 2. The values of these 
parameters are uncertain by a factor ~3 due to the range or 
possible values of £. 

Because the cooling effect, X-ray emission and galaxy dis- 
tribution are strongly correlated in position, we conclude that 
the evidence for a microwave background decrement associated 
with a hot intracluster medium in Abell 2218 is now over- 
whelming. 
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Limited solubility of 
iron in the Sun’s interior 


STRIPPED iron nuclei in a hydrogen plasme under central solar 
conditions, according to the classical Debye-Hückel model, 
would undergo phase separation for concentrations well below 
the cosmic abundance value. The higher concentration cor- 
rections, needed to characterise the iron-rich phase, lead to 
enhanced solubility for a simplified model where the electrons 
form a uniform background. Support for an iron-rich phase 
coalescing in the solar interior requires more accurate treat- 
ment of bound and partially bound electrons in such a mixture. 
The results of the Debye—Hiickel model where the electrons 
are treated discretely and as a continuum, are reported here 
and support the possibility of phase separation. The physical 
cause of that phase separation is simply that the potential 
energy 1s lower in the separated phases than in the mixture 
because the local charge neutralisation ıs much better satisfied 
in the two separated phases. 

Recent phase separation calculations for mixtures of stripped 
atoms’ suggest that highly charged nucle: would have limited 
solubility in a hydrogen plasma under conditions found in 
stellar interiors. These results suggest that highly ionised irdn 
would precipitate out in the solar interior and coalesce in the 
centre. Should this occur and lead to a reduction of the tron 
concentration near the thermonuclear burn region, by an order 
of magnitude below the cosmic abundance value (2.5 
1077 ionic mole fraction), the existing neutrino dilemma might 
be resolved. It is estimated‘ that such a concentration reduction 
would lower the opacity, and hence the temperature, 
sufficiently to significantly reduce the protability of fusion of a 
particles that generates the nuclei whose neutrino emission 1s 
being monitored. This paper presents various simplified models 
for the iron, hydrogen plasma phase diagram which explore this 
possibility. 

A realistic calculation of the phase diagram is difficult for two 
reasons. The most important difficulty ts that of accurately 
treating the bound and partially bound electrons of iron. At the 
solar interior temperature of about 1.5 keV and pressure of 
10° Mbar, the two 1s electrons (with ionisation potentials of 
over 8 keV) are still bound whereas the eight 2s and 2p elec- 
trons (with ionisation potentials below 2 keV) are partly bound. 
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Fig. 1. The coexistence (solid lines) and instability (dashed lines) 
curves for an element of charge 26 (upper set of curves) and of 
charge 20 (lower set of curves) in a hydrogen plasma according to 
the Debye—Hiickel theory. The ionic mole fraction of the element, 
Yı, is plotted against the reduced temperature, T*, at various 
pressures (A, 10° Mbar; (J, 5x 10* Mbar; O, 10* Mbar). Points A 
and A’ are, for example, two coexisting phases in the charge 26 
system. The hatched area represents central solar conditions. 


Of course, the bound-free transitions of these electrons lead to 
the large contribution to the opacity of a hydrogen plasma of 
even a very small amount of iron. This problem is crudely dealt 
with here by ignoring the partly bound electrons and consider- 
ing the bound electrons merely to reduce the point nuclear 
charge to give some effective point charge. This crude approx- 
imation may not as seriously affect the calculation of the coex- 
istence curve as might at first be expected. Errors tend to cancel 
as the chemical potential of iron in the iron-rich phase is 
equated to that in the iron-poor phase, where in both phases 
the electron density is nearly the same. In previous cal- 
culations’, when the polarisation of the electron gas by the 
ionic charge distribution was treated by perturbation theory the 
phase diagram was not drastically modified. 

The second difficulty concerns accurate treatment of 
concentrated solutions of electrolytes, such as the iron-rich 
phase. The dilute phase can be adequately dealt with by the 
classical Debye-—Hiickel theory of a mixture of three 
components (iron nuclei with an effective charge, protons and 
electrons) as can be seen from the ratio of the ion sphere radius 
to the Debye length being less than unity (see Table 1). The 
electrons in the solar interior are very non-degenerate, as can 
be seen from the calculated Fermi temperature (Table 1). To 
avoid dealing with the concentrated solution, the instability 
curve was calculated in the dilute phase from the vanishing of 
the second derivative of the free energy with respect to iron 
concentration. This limit turned out, however, to be too loose 
to give insolubility near solar concentrations, so we had to deal 
with the iron-rich phase by corrections to the Debye—Hiickel 
theory. 

These corrections require a quantum mechanical treatment 
of the electrons to avoid divergences which arise if bound state 
contributions are ignored. These corrections can be included 
using an activity expansion? but are of such complexity that 
they have not yet been calculated for this system. Instead, a 
model treating the electrons in the uniform background 
approximation was explored. Comparison with the discrete 
case discussed earlier, where in both cases the ions were treated 
in the Debye—Hiickel approximation, was satisfactory, demon- 
strating the insensitivity of the coexistence curve to the electron 
distribution. For the uniform electron model it was then rela- 
tively easy to calculate the higher concentration’ corrections 
and show how they affect the coexistence curve. Even these 
corrections fail to extend the coexistence curve into the solar 
concentration region since the series fails to converge for the 
coexisting iron-rich phase. 

Having exhausted so-called analytical methods, the uniform 
electron background model can be extended by numerical 
techniques using either the Monte Carlo or molecular dynamics 
method. These calculations are fairly cumbersome, so they will 
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be used initially to check how well the hypernetted chain 
integral equation represents the mixture of charged nuclei in a 
neutralising rigid uniform electron background. If that integral 
equation were also adequate when the charge difference 
between the species is extreme, as in the present case, it would 
reduce the numerical work required. The object of these cal- 
culations would be to determine the solubility for an iron ion of 
charge 24, corresponding to two bound K electrons, in a 
hydrogen plasma in which the polarisation of the partially 
bound L electrons will be treated by linear dielectric response 
theory. 

For a mixture of N, protons and N, ions of charge Z, and 
hence N ,Zı +N, classical electrons in a volume Q, the low 
density value of the free energy is given by the Debye—Hiickel 
theory’, which requires that the ratio of the ion sphere radius zy, 
to the Debye length, A, to be <1. _. 

The Debye length is given by A? =4rpe Z'/kT, where 
p=3/4ar° is the_total particle density and defines the ion 
sphere radius. Z?°= X, (Zi +Z,)+2X,, where X, is the 
concentration per particle or X =N,/N with N= 
2N,+(1+2Z,)N,. We define the concentration per ion as yi = 
N,/(N, + N3). 

The pressure and Gibbs free energy thus derived are used to 
investigate phase separation at constant temperature and pres- 
sure, by the double tangent construction which is equivalent to 
equating chemical potentials. The instability points determined 
by setting the second derivative of the Gibbs free energy, with 
respect to mole fraction, equal to zero, always lie within the 
concentration range determined from the double tangeacy 
construction. The instability curve for the low concentration 
phase can be calculated over a wider concentration range than 
the phase diagram, as shown in Fig. 1, because it is not limited 
by the validity of the Debye—Hiickel approximation for the 
coexisting concentrated phase. However, the applicability of 
the Debye—Hickel theory as given by the r/A criterion for the 
free energy is severely tested when a second derivative of the 
free energy is taken, indicating that r/A must be «1 before the 
second derivative is adequately given by the low density thecry. 
But as shown in Fig. 1, the instability criterion is not restrictive 
enough. For phase separation to occur, solar conditions must 
lie in the two phase region, that is below the solid curves. If 
solar conditions are also below the dashed curves, the instabil- 
ity criterion would have been sufficient. 

The coexistence curve and instability curve for Z; = 26 and 
Z, = 20 are displayed in Fig. 1 at various pressures. The results 
are nearly pressure independent when plotted as a function of 
the reduced temperature, T* =kT/e’p'”*, because the equa- 
tion of state is almost that of an ideal gas. This is indicated by 
the large value of T* which is a measure of the ratio of kinetic 


Fig. 2 The coexistence curves for an element of charge 26 in a 
hydrogen plasma according to the Debye~Hiickel theory (curve 
1), according to the Debye~Hiickel theory for the ions but with 
the electrons treated in the uniform background approximation 
(curve 2), according to the same model as represented by curve 2 
except that the first order concentration corrections as given by 
Abe are included (curve 3) and according to the previous mode! 
except that the second order concentration corrections are also 
included (curve 4). The ionic mole fraction y,, is plotted against 
the reduced temperature, T*, at a pressure of 5x 10* Mbar. 
Points B and B’ are, for example, two coexisting phases. 
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Advanced techniques in routine use at The Radiochemical Centre 


Described below are just two examples of the many up-to-date 
techniques, w hich hav e been pioncered or applied for routine use at 
The Radiochemical Cente These developments ate part of our 
constant endeavour to maintain our position at the forefront of the 
specialised field of tracer methodology, so that we can continue our 
supply of radiochemicals of the highest quality and technical 
S cations. 
Distribution of labelling in tritium compounds 
Modern techniques for the production of tiated compounds are 
more sophisticated than those used ın the early days of tnttum 
labelling, and produce compounds labelled ın specific positions 
rather than generally labelled. Nevertheless, itis necessary for many 
tracer applications of tittum compounds to know the prease position 
and configuraton of the tum labels Traditional chemical methods 
of doing this are tedious and tme consuming and subject to con- 
siderable error, and so the routine supply of such information has 
untl recently not been possible 

The Radiochemical Centre, in collaboration with the Univer- 
sity of Surrey, has developed over the past eight years the technique 
of ttum nuclear magnetic resonance (tnmr) spectroscopy for this 


purpose This method ıs much quicker and more accurate than the . 


traditonal chemical or biochemical methods for determining dis- 
tribution of tioum labelling 

It ıs now used routinely to establish the dismbuton of tntium 
labelling produced by the usual methods of tntation employed at 
The Radiochemical Cente We supply accurate details as to the 
positon and configuration of the tntum labels for an increasing 
number of our labelled compounds. 


A number of examples are given below 


[18, 28{n}-H TESTOSTERONE 
Code TRK 162 

lor 59h = 2ox 82% 
BW . 460% 2 3? Pn 


[6-2H]BENZO[a]P YRENE 

Code TRK 501 

6 DP, 1 _ <5 
OCOCH, p-[2-IH]GLUCOSE 

| HO COOCH, Code TRK 341 

CH, Mod 4h 2B) Os 


[G-2H]VINBLASTINE L-[3,4(n)-2H]VALINE 
Code TRK507 Code TRA/K 533 

7 ih 11 2 Pa 4 
IZIS A I 3 28% 


The lates of our publcahans n as follows 

AL-RAWI, J M A, BLOXSIDE JP, LVIDGE, JA, JONES, JR, 
CHAMBERS, V E M , CHAMBERS, Y M A and EVANS EA, 
Steroedtt vol 28 GL p p 359-375,1976 
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High performance liquid chromatography (HPLC) 


This relanvely new development of column chromatography 1s 
carried out using high eficaiency microparticulate column packings 
of closely defined size. 

Chromatography 1s carned out under pressure to ensure good 
flow rates and reduce diffusion of separated compounds. Dead 
volumes are kept to an absolute minimum. The result 1s that many 
separations can be carned out more quickly and with better resolu-' 
non than with previously used chromatographic methods such as 
thin-layer chromatography or conventonal column chromatography. 

Work aimed at developing the applications of this method to 
radiolabelled compound separations is stil] in progress, but The 
Radiochemucal Centre 1s already using the technique in many of its 
production processes, and in analytical applicanons. The result is 
purer compounds for the customer and greater efficiency of working. 

The example illustrated below illustrates the clear supenonty 
of HPLC when used as an analytical tool. The mixture used com- 
prised the tntum labelled mono-, di- and tmphosphates of adeno- 
sine, cytidine, guanosine and undine, and all are clearly separated 
in the HPLC system 


Peak idenhficahon 
1 CMP 2 AMP 3 UMP 4 GMP 5 CDP 6 UDP 
7 ADP 8 GDP 9 CTP 10 UTP 1] ATP}? GIP 
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p-Ala2—[tyrosy/—3,5-3H]enkephalin 
(5—-p-leucine) TRK602 25-50Ci/mmol 


` cis-3-Amino[4,5(n)-SH] cyclohexane 
Carboxylic acid TRK594 30-60 Ci/mmol 


a[3H]G.1.628 “TRK595 . 15-30 Ci/mmol 


oe methyl- '3H]Flunitrazepam | 
TRK.590 30-60C//mmol 


(G-3HIP Pi peridine hydrochloride 
- =e": | TRK S89 30-60 Ci/mmol 


+ 
f 


> 


4 A 





2— -Deoxy- p-[L- '4C]glucose | ! 
CFB 181, 300-350 mCi/mmol 
_-[U-'4C] Ornithine 
CFB 180 >250 mCi/mmol 


nent tt Tt 


. [?sljlodinated protein A 
IM108 30mCil/mg 


‘CAMP succinyl[125I]iodo TME. 


IM106 >600 Ci/mmol, . 
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Table i Conditions for coexisting phases* and for the solar centret 


(a) and the corresponding convergence of the Abe expansion (b) 


Yi T(10’ K) V (cm? molion™) P rI- T/T 
1.8x107 1.15 0.03924 50,000 0.62 4.3 
25x10? 1.15 0 04805 50,000 1.71 3.6 
25x107 1.60 0.00902 300,000 0.46 23 

b 
yi Pa Pout Pape Pare? 
1.8x 107? 25,857 24,051 77 15 
2.5x10°? 32,969 14,398 2,002 631 
25x107" 153,224 146,737 38 1 


* The first two entries correspond to conditions B and B’ in Fig. 2, 


y. 
+ The third entry. 
t The Debye—Hiickel pressure includes the ideal gas term, all pres- 
sures are measured in Mber. 


to potential energy. The solar conditions in Fig. 1 indicate that 
extending the coexistence curve would predict considerably 
smaller solubility than the cosmic abundance value of 2.5 
107° in which the iron-rich phase would contain about half iron 
and half hydrogen. Even for the extreme case of Z,=20, 
believed to represent the lowest possible ionisation state of iron 
under interior solar conditions, phase separation might be 
marginally inferred. The Debye—Hiickel theory predicts, as 
expected, that decreasing the effective iron charge lowers the 
critical temperature and increases the critical concentration. 
The prediction is, therefore that in any stellar interior in which 
the difference in charge between iron and any other charged 
species is >20, iron will be less soluble than its cosmic abun- 
dance. In the Sun the temperature drops at midradius 
sufficiently for iron ionisation to be reduced below 20 and 
hence beyond this midpoint, iron would be expected to be 
soluble. 

Because the dilute Debye—Hiickel theory is insufficient and 
the rigorous corrections require the electrons to be dealt with 
quantum mechanically, a uniform background electron gas 
approximation was explored for which concentration cor- 
rections can be more easily calculated. In that case, the free 
energies of the ions and electrons are additive. The electrons 
are treated as an ideal Fermi gas whose thermodynamic pro- 
perties involve the usual Fermi-—Dirac integrals*. For the 
temperature and pressure of interest here, the electron gas is 
nearly classical. The ions are first treated in the Debye—Hickel 
approximation, and the case for Z, = 26 is compared in Fig. 2 
with the earlier calculation where the electrons were treated as 
an ionic species. The similar coexistence curve encourages the 
uniform background model to be extended to higher densities. 

The straightforward inclusion of the first order correction**® 
leads to a rather large shift of the coexistence curve as shown in 
Fig. 2. Hence, it was necessary to consider the second order 
correction. The coexistence curve calculated including this 
correction to the free energy, is the lowest curve in Fig. 2 and 
shows that the shift in the critical temperature is considerably 
smaller than with the first correction. Extrapolating this series 
from these limited results leads to an extimated critical 7*, for 
the uniform electron gas case of about 20. This 7™ is larger 
than that for central solar conditions, which is necessary for 
insolubility exceeding cosmic abundance. 

Table 1 shows the convergence of the series for the pressure, 
at preasures corresponding to the region of thermonuclear burn 
and at the centre of the Sun. In the dilute iron phase, the 
electron and ion pressure are nearly equal, corresponding to 
ideal gas conditions of a hydrogen plasma, and the series con- 
vergence is excellent. In the coexisting iron-rich phase, the 
electron pressure exceeds the jon pressure due to the large 
number of electrons ionised from a high Z element. Further- 
more, the convergence of the series is such that it is not possible 
to calculate the coexistence curve reliably for a more iron-rich 
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phase. Nevertheless, the calculations presented here suggest 
phase separation under solar conditions. More realistic models 
are needed to confirm this suggestion. 

We thank F. J. Rogers for helpful discussions. 


E. L. POLLOCK 
B. J. ALDER 
Lawrence Livermore Laboratory, 
University of California, 
Livermore, California 94550 
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Alfvén waves generated by 
an inverted plasma energy distribution 


OBSERVATIONS from the geosynchronous spacecraft ATS6 of 
magnetic oscillations transverse to the Earth’s magnetic field in 
the presence of a plasma ion distribution with a ‘bump-in-tail’ 
form are reported here. We argue that the oscillations are 
Alfvén waves, that the non-monotonicity (that is, population 
inversion) of the energy distribution provides a source of free 
energy for the oscillations, and that the particle-wave inter- 
action is through bounce resonance’. The data reported here 
comes from the UCLA fluxgate magnetometer’ and the UCSD 
particle detector which measures ions and electrons with ener- 
gies from 10 eV to 80 keV (ref. 3). The magnetometer data are 
displayed in a field aligned coordinate system in Fig. 1. A wave 
with an amplitude of about 5 nT and a period of about 100s is 
present. The strongest signal is in B,, the component in the 
meridian and perpendicular to the background field, B. The 
magnetic signal seems typical of a class of pulsations with short 
wavelengths across B seen in the local afternoon on ATS6*. 
These particular observations were made near 1500 LT. 

Figure 2 shows the ion-velocity distribution, f, as a function 
of energy, W. The curves show the mean distribution for 


Fig. 1 ‘The magnetic field data from the geostationary spacecraft 

ATS6, are presented in a mean field aligned coordinate system In 

which B, is measured along the mean field direction, obtained by 

forming a 10 min sliding average of the data. B, is in the plane 

containing the Earth—satellite ine and B, The B, baseline is 

130 nT. One division on the ordinate is 2nT Peak to peak | 
amplitudes in B, are of order 5 nT, 
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Fig. 2 lon velocity distribution functions measured on ATS6 
during the three half-hour periods during which the magnetic 
oscillations were observed, Although the instrument cannot dis- 
tinguish ion species directly, we assume that the ions are protons. 


three successive half-hour segments. The distribution remained 
largely unchanged through the course of the event. There is a 
minimum where W ~1 keV and df/4W>0O in the range 
l keV< W <10 keV. Any ‘filling’ of the distribution with time 
is probably due to spatial structure in the ion distribution, since 
the ions are drifting in the opposite sense to the spacecraft 
motion in this region’. In a collisionless plasma, diffusion in 
energy to fill the minimum may be accomplished by particles 
being resonantly scattered by a plasma wave. The observed 
frequency is of the order of the frequency of the bounce motion 
of an ion with a few keV energy in the Earth’s mirror field and 
so the relevant resonant interaction is bounce resonance’. 

The low frequency and the quasi-transverse nature of the 
magnetic signal suggest that the wave present is an Alfvén wave 
with standing structure along the geomagnetic field. This idea is 
confirmed by more detailed investigation. The UCSD detector 
measures a complete energy spectrum every 24s, and the 
effects of the wave can be detected in the low energy proton 
channels. The variation in low energy proton count is due to a 
drift velocity proportional to the wave electric field® and using 
procedures similar to those used by Hughes et al.’ we found the 
wave electric field was in quadrature with the magnetic signal 
thus confirming the standing nature of the wave. The relative 
phase also showed that the standing wave was an even 
harmonic (a mode with an electric field node at the equator) 
and the observed frequency together with an estimate of the 
Alfvén speed, based on observed densities, suggests it should 
be the second harmonic. The symmetry of the signal about the 
equator is crucial in suggesting bounce resonance is the source; 
the first descriptions’ of the mechanism pointed out that even 
harmonics would be generated. Other hydromagnetic wave 
sources are likely to generate the fundamental, The wavelength 
of the signal across the field is short, since magnetic pulsation 
activity on the geosynchronous SMS1 spacecraft (19° E of 
ATS6) and SMS2 (10° W of ATS6) did not correlate with the 
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ATS6 signal. This shows signals are relatively localised and 
rules out the Kelvin-Helmholtz instability as the energy 
source’. Spectra and coherence information from the three 
spacecraft for this event are shown in Fig. 4 of ref. 4. 

The condition for a particle with bounce frequency, w,, and 
E-W drift speed w4 to be in bounce resonance with a wave with 
frequency w and E-W angular wave number mm is 


i) —~ MO = No, 


where N is an integer’. Here we are interested in N ~ 1 and if 
the Doppler shift mag is significant the E-W wavelength needs 
to be relatively small’ (of the order of the equatorial Larmor 
radius of a resonant particle). 

A particle’s energy in an Alfvén wave increases due to the 
wave electric field at a rate gE + va, where va is the E-W drift 
velocity due to curvature and VB drifts. We can estimate 
the energy diffusion coefficient due to this acceleration for a 
particle in resonance with a wave of bandwidth, Aw, 


(qE s Vu) Aw ú 


where the brackets denote the mean value seen over a particle 
bounce. We can estimate the wave electric field as ~5x 
107° mV m™' from the data and substitute this value into the 
diffusion coefficient to show that the time scale for diffusion to 
fill the hole in the energy distributions is ~5 x 10°s that is a 
time much longer than the time scale of particle motions 
through this part of the magnetosphere. 

The filling of the distribution seen in Fig. 2 cannot, therefore, 
be due to the waves. Cowley” has shown how the magneto- 
spheric convection pattern can lead to such distributions and, 
as indicated earlier, the protons are drifting in the opposite 
sense to the spacecraft motion. Much as one can estimate a 
diffusion time one can parametrise the energy exchange 
between particles and waves by estimating the contribution to 
the growth rate of the resonant ions. Estimates? show that this 
is proportional to the resonant particle pressure: 


y/@ m Paes/ B° /2 u0 
which gives 
y/w ~107°, 1073 


for observed parameters. These figures are of a similar order to 
the expected rates of ionospheric damping on the dayside of 
the magnetosphere’ and it seems the quasi-steady signal is 
maintained by energy being fed from particles to the wave to be 
lost in the ionosphere. The amplitude of the waves would then 
be sustained by the supply of ions drifting from the night side. 

There are also low energy electrons in bounce resonance 
with the wave. Although there are more electrons than ions, 
their pressure is much lower as the resonance condition implies 
they have the same velocity as the ions. 

In conclusion these observations show the first direct evi- 
dence of generation of hydromagnetic waves through bounce 
resonance with a non-equilibrium distribution, which theory 
first suggested 10 years ago’'®. In this observation the dis- 
tribution of ions was non-monotonic with energy. Theory 
shows that this is not a necessity; steep spatial gradients in the 
ion distribution can similarly drive waves. However, both 
observation’' and theory” indicate the regular occurrence of 
non-monotonic ion distributions in the afternoon—evening 
magnetosphere. These may be the source of many of the pc4 
pulsations characteristic of this sector at geosynchronous orbit. 
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A fast interferometric 
chopper for neutrons and X rays 


FAST neutron choppers have been considerably developed in 
the past few years. The commonly used choppers are either 
rotating massive objects through which appropriately shaped 
neutron channels are cut’ or crystals whose diffracting power 
may be modulated by magnetic fields? or dynamic strains’. All 
these devices suffer from practical limitations of speed, poor 
duty cycle and the consequent loss of intensity. We describe here 
our use of a scanning Bragg reflecting crystal interferometer as a 
fast chopper. Although they have been used with X rays, crystal 
interferometers work equally well with neutrons’. The inter- 
ferometer is used as a phase sensitive neutron switch, in which a 
crystal translation of 0.96 A is sufficient to redirect the beam. At 
larger translational amplitudes the interferometer has a cor- 
responding multiplex advantage over other neutron choppers. 
Two of these interferometric neutron choppers could be used to 
construct a Fourier transform neutron spectrometer with 1,000 


Fig.1 The monolithic scanning X-ray interferometer which is cut 
from a perfect single crystal of silicon. The ferrite disk F is glued to 
a U-bracket which drives the elastic transverse stage and forces are 
generated by the electromagnet E. X-ray beam paths through the 
interferometer are indicated by shaded areas. 220 Bragg 
reflections provide beam steering in the splitter crystal S, mirrors M 
and analyser A. The interferometer is described in detail else- 
where’. Scale, 10 mm. 
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Fig. 2 The elecronic drive system showing how the oscilloscope 
display is generated 


times the resolutim of competing spectrometers. With a pulsed 
source a single inerferometric chopper could be used to con- 
struct a time of fizht spectrometer which would provide high 
resolution even wih fast neutrons. 

The interferom¢er construction is shown in Fig. 1. The 
monolithic scannir interferometer” is driven by the force 
between the electrmmagnet E and the ferrite disk F. The three 
wafers S, M, A whia form the X-ray or neutron interferometer, 
are all part of the ame monolithic perfect crystal. Coherent 
beam steering is acheved with the 220 and 220 Bragg reflections 
indicated in the ray ċagram. A is connected to S and M through 
the monolithic elastt traverse*7 which allows the translational 
degree of freedom ofA parallel to the [110] direction. When the 
analyser A travels alistance of 1.92 A in the [110] direction 
which is normal to tł Bragg planes, one fringe is observed in 
each of the two outpu beams. 

In the case of zero bsorption the output beams are comple- 
mentary (conservatior of photons or neutrons in the analyser 
A). For example, whn the analyser translation x is pd the 
forward beam T has maximum intensity, whereas for x= 
(p +4)d the intensity mximum is in the deviated R-beam. Here, 
p is an integer and d isthe Bragg spacing; 1.92 A for the 220 
Bragg reflection from s'icon. The intensity N is given by 


N =Vo + N, sin (22x/d) 


If x = 2 mms ', which is-asily achieved, then we would observe 
complementary output beams, amplitude modulated at 
10 MHz, and with 100% luty cycle as no neutrons are absorbed 
in the interferometer. In practice, the fringe contrast observed 
with X rays may be 0.95 vhile for neutrons** the best contrast 
observed has been approxmately 0.85. Both would be 1.00 in 
an ideally perfect interfermeter with zero absorption. 

In considering the desigi and use of mechanical systems, one 
needs to know the system reponse to disturbances. The intensi- 
ties available from both X-ay and neutron sources are so low 
that we could not measurethe impulse response directly. We 
were, however, able to meaure the simple harmonic frequency 
response directly with X ray using 30-s integration time. 

Figure 2 shows the expeimental arrangement and Fig. 3 
demonstrates the fringes obsrved near a mechanical resonance 
in the system at 10.8 kHz. “he fringe resolution is limited to 
about 500 ns by the time basetrigger-jitter and by the frequency 
response of the oscilloscope z-modulation. When operating 
near the fundamental translaional resonance which occurs at 
1,420 Hz we found no loss oifringe contrast, which indicates 
that only the pure translation mode was excited. 

The interferometer was testd with molybdenum Ka, radi- 
ation for which the available intensity from a conventional 
laboratory source is a few thowand photons per second. Each 
photon detected (Fig. 2) prodwes a bright spot on the oscillo- 
scope screen. With 3,000 speed? olaroi it was necessary to 
pulse the z-modulation for SOOps Agin image and this 
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Fig. 3 X-ray fringes produced by the system atlined in Fig. 2. 

lhe finest fringes correspond to 500 ns choppinjtimes and resolu- 

tion is mainly limited by the oscilloscope perfornance. Each bright 

spot in the photograph corresponds to one deteted X-ray photon. 
Scale, 100 us 


limits the present time resolution of the .etector system. In 
Fig. 3, the interferometer was driven with a inusoidal current of 
frequency w. In a practical neutron chopperpulsed or triangular 
wavelorms might also be used. So that the finge system is easily 
visualised, the y-displacement consists of:he sum of the elec- 
tromagnet drive voltage and an incomnensurate triangular 
voltage. The observed fringe spacing is, ofcourse, not constant. 
The applied force is proportional to the quare of the magnet 
current, and the observed fringes show he displacement as a 
function of time. The force F is given by 


F = KI} sin’ wt = KI; (1 4sin 2wt) 


where K is a constant and the force repeition rate is seen to be 
twice that of the driving current. This i clearly seen in Fig. 3 
where the periodicity of the fringe patern is twice that of the 
current signal. Since one fringe occur: for a displacement of 
1.92 A we were able to trace the complee frequency response of 
the chopper from these photographs. (hus, amplitude, stored 
energy and phase shift can all be nvasured as functions of 
frequency. The two fringe patterns vere obtained near the 
10.8 kHz mechanical resonance withonly 15 mW of magnet 
power. The phase shift between the mechanical motion and the 
electromagnetic force near resonancecan be clearly seen as can 
the ~500 ns spacing of the finest visib fringes. At that point the 
speed of the analyser wafer is 1.92 Aper 500 ns or 0.4 mms 

It is not unreasonable to use up 1,0)0 times more power in the 
driving electromagnet. With only 1S5mW of power, the present 
chopper is already faster than any ilternative. There are two 
ways in which the potential perfamance can be exploited. 
Either high power interferometric neutron chopping can be 
achieved on the sub-ns timescale orvery precise neutron gating 
could be attempted on the ys and Imger timescales. The former 
would be attractive for extreme reolution multiplexed neutron 
spectroscopy using high flux neutrm sources; the latter might be 
more attractive at pulsed sources, uch as the spallation neutron 
source. 

In future developments it wil be desirable to have both 
positive and negative force geierators. Experiments using 
double magnet systems and pernanent magnets in place of the 
ferrite disk are in progress. Bothsystems will permit push—pull 
operation. The strain gradients irherent in systems which rely on 
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Bragg reflections from sets of standing or travelling ultrasonic 
waves have caused great problems. Because of the neutron 
samples’ spatial and/or temporal crystal inhomogeneities, these 
systems are limited to frequencies well below 100 kHz with 
crystal thicknesses of the order of 1 mm. Provided that the 
interferometer wafer S, M and A undergo pure uniform trans- 
lation there is no similar limit on their performance as each 
crystal component remains homogeneous and strain-free. The 
neutrons are, of course, Doppler shifted in the analyser and this 
is equivalent to rotating the analyser. At 2 mms”! the rotation 
for thermal neutrons is ~0.5 arc s but the Bragg angle 28 is not 
changed to first order. Since the range of Bragg reflection is 
~2 arcs at 2 A wavelength, the chopper could be ‘returned’ by 
rotating the analyser. At much higher crystal speeds it may 
become necessary to correct for the second order Doppler shift 
in the Bragg angle by changing the temperature of the analyser 
crystal. Higher order Bragg reflections can be used to provide 
multiplexed channelled spectra and to achieve even faster 
chopping rates. 

At present the best on-off ratio for neutrons*" is at least 6 but 
with more perfect crystals this should exceed 10. Although the 
new chopper might have advantages in experiments to deter- 
mine h/M for the neutron’, and in providing precisely sinusoi- 
dal neutron modulation in Fourier time-of-flight spec- 
trometers'’; other possible applications are still only in the 
discussion stage. 

We thank Drs Hauer, Mikula, Michalec and Stirling, and the 
staff of the Rutherford Laboratory for helpful discussions. 
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Hydrogen bond dynamics in solution 


THE key to understanding the broad but featureless v.(XH) 
absorption bands of hydrogen-bonded species in solution has 
been the recognition by Bratos that the v,(XH---¥Y) hydrogen 
bond stretching mode has a pronounced stochastic character, 
and that the v,(X H) mode rapidly loses its phase coherence as a 
result of its strong anharmonic coupling to the v.(XH:--Y) 
mode. This idea has been further developed by Yarwood and 
Robertson”, who treat the dynamics of the v, mode more 
precisely than does Bratos. The most detailed prediction of 
these theories is that the amplitude of modulation of the v.(XH) 
mode should be proportional to the r.m.s amplitude of the v, 
displacement coordinate r», and should thus vary with tempera- 
ture as (coth (ftw/2kT))'’*, where w>(= 2mcv,) is the angular 
frequency of the v, mode. We report here an experimental 
confirmation of this prediction for a dilute solution of self- 
associated CD,OH in freon 11. We also investigate how 
the dynamics of the hydrogen bond vibration change as the 
solvent freezes, and we present evidence that at liquid helium 
temperature the v,(XH--- Y ) mode can be regarded as a quan- 
tum-mechanical stochastic oscillator executing a strongly over- 
damped zero-point motion. 
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Fig.1 Observed (continuous line) and fitted (crosses) spectrum of 
self-associated CD,OH in CFCh: temperature, 240 K; concen- 
tration, 0.2 M. There is a further broad absorption band on the low 
frequency side, not accounted for by the theory, which may be due 
to multimeric species. This makes it difficult to determine the low 
frequency baseline satisfactorily. The absorption band at 
3,650 cm™* is due to free CD;OH; its intensity increases with 
increasing temperature. The data were zero-weighted below 
3,100cm™! and between 3,625 and 3,675 cm”! during curve- 
fitting. 


Yarwood and Robertson”? assume that the v displacement 
coordinate r satisfies the Ornstein-Uhlenbeck stochastic 
differential equation* 


h+ yh twr = mz F(t) (1) 


and, by applying Kubo’s theory of a randomly modulated oscil- 
lator’, show that the autocorrelation function of the v.(*H) 
transition dipole moment is 


g =exp| -a° | @-n4(r) de} 2) 


where is the autocorrelation function of the Ornstein-Uhlen- 
beck stochastic process*. The amplitude of modulation A of the 
v, mode is given by 


A= Knri)  / mow (3) 


where K,;2 is an anharmonic coupling constant, and the charac- 
teristic time 7. of the modulation is given by 


Te= y/w} (4) 


Equations (2}-(4) give a good account of the experimental 
v(XH) absorption band profiles of phenol-acetonitrile and 
phenol-dioxan complexes in solution in carbon tetrachloride, 
correctly predict the changes which occur on deuteration, and 
enable the effect on the bandshape of changing the solvent to be 
understood’. 

The most stringent way to test the theory, however, is to study 
the temperature dependence of the v,(XH) bandshape’. 
According to equations (3) and (4), A should vary as 
(coth(hw2/2kT J”, while 7., being proportional to the micro- 
scopic viscous damping constant y, should increase rapidly as the 
temperature is reduced. To investigate this, we have recorded 
digitally the v, (XH) absorption bands of  self-associated 
CD,OH in freon 11 (CFCI,) between 280 and 160 K, and have 
estimated the parameters A and 7, Dy a nonlinear least-squares 
analysis of the bandshape. A typical v(X H) band with its 
theoretical reconstruction superimposed is shown in Fig. 1, and 
a summary of the parameter estimates is given in Table 1. The 
method of analysis was similar to that described previously", 
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except that 7, (= w2/2ac) was treated as a fixed parameter with 
a value of 100 cm™'. This is a. compromise between the value 
of 80cm™' (or at most 100cm™*) saggested by Lake and 
Thompson®, and that of 120cm™' found by Zelsmann 
(personal communication). | 

The regression A=a+b (coth(hw./2kT))'” is close to 
linear, with a correlation coefficient of 0.99. The intercept a 
does not differ significantly from zero at the 95% confidence 
level. This strongly supports equation #3), and shows that the 
contribution to the broadening from mechanisms other than 
vibrational phase relaxation is small. As expected, the viscous 
damping constant y increases with decreasing temperature; 
however, the temperature dependence of y cannot be well 
represented by a law of the form exp(A/&7), particularly at the 
lower temperatures. (Although this may be partly due to the 
uncertainty in the value of w, previous work® has shown that y 
is not related to the macroscopic viscosity of the solvent.) The 
Kubo parameter 7.4 increases somewhat as the temperature is 
reduced, but the system is far from the slow modulation limit 
(r.A»1) at all temperatures above 169K, and the v.(XH) 
absorption band profiles differ markedly from gaussian shape. 

Below 160 K the solution freezes to form a vitreous solid. On 
freezing, the bandshape changes dramatically: the halfwidth at 
170K is 175cm™', and at 150K it is Z10cm™ (see Fig. 2). 
However, analysis of the bandshape shows that the amplitude of 
modulation continues to decrease, in a manner consistent with 
equation (3), as the temperature is reduced to 150 K: there is no 
discontinuous change in the amplitude of modulation at the 
transition point, even though the P(X H) frequency abruptly 
shifts upwards by several wavenumbers on freezing. (The 
general trend is for the v,(XH) frequency to shift steadily 
downwards with decreasing temperature. YOn the other hand, 7, 
increases from 0.046 ps to 0.40 ps, 7.4 from 0.83 to 7.0, and 
y/2w from 0.44 to 3.9. 

Although these estimates are imprecise, particularly at the 
lower temperature where the errors are cf the order of 10%, 
they do show qualitatively how the dynarnics of the hydrogen 
bond change as the solvent freezes. In the solid the r ( XH ¥). 
vibration is heavily overdamped, and relaxes slowly. The large ~ 
value of the Kubo parameter 7.A indicates that the random 
frequency modulation is quasi-static (that is, that (7) relaxes in 
a time 7, much shorter than the characteristic time 7. of the 
modulation), so that the »v.XH) absorp‘ion band is nearly 
gaussian in shape. The. spectacular increase in haliwidth on 
freezing can be entirely attributed to a decrease in the kurtosis of 
the spectrum on entering the slow. modulation regime. 

On further cooling to 6 K the n, (XH) baad remains gaussian 
in profile and the halfwidth decreases to 190 cm™'; the ampli- 
tude of modulation at 6K is estimated by analysis of the 
spectrum to be 81cm”. Although this is significantly greater 









Table 1 Bandshape parameters for self-associa‘ed CD,OH in CFC, 
(0.2 M solution) ioe 


raamat nir thet Ai APA amaga mares n IORI NEO T EL 


[coth ( huss / 3 k TY t 2: 7 





T/K  (Qacey'Acm™ TÀ y/2w 
280 120.9 0.60 0.25 1.99 
270 118.3 0.63 0.26 1.96 
260 115.9 0.64 0.28 1.92 
250 114.0 0.68 0.30 1.89 
240 111.7 0.70 0.31 1.85 
230 110.1 0.72 0.33 1.82 
220 105.7 0.78 0.37 1.78 
210 101.8 0.77 0.38 1.74 
200 99.9 0.79 0.40 1.70 
190 98.6 0.80 0.41 1.66 
180 96.8 0.82 0.43 1.62 
170 95.4 0.83 0.44 1.58 
160 94.2 0.84 0.45 1.54 
150 92.9 7.0 3.9 1.50 
6 80.6 8.0 5.0 1.00 


a Tea v ena TTT eT TTT T TN TTT n nus STruTere lar EE e AAAA AAAA AAEE aean Aa AEEA AR 


The figures in the last two columns assume that «2 is known, and are 
subject to possible systematic error. 
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Filg.2 A n of the »,(XH) absorption spectra at 170 K 

(liquid) (a) and 150 K (solid) (b). The halfwidths are 175 cm™’ and 

210cm , respectrvely, but the amplitudes of modulation are 95 

and 93 om™ The spectrum of the solid solution is very nearly 

gaussian in profile. The feature at 3,130 cm” is an uncompensated 

solvent band, which is narrower and more prominent in the solid 
The curves have been offset for display. 


than the 95% confidence estimate 58+6cm™ obtained by 
extrapolating to zero temperature the relationship 


A = a + b[coth (ha./2kT)}'7 (5) 


with parameters a=(—4+10)cm™ and 6=(62+6)cm™ 
determined from-measurements on the liquid between 160 K 
and 280 K, at least part of the discrepancy may be due to error in 
ah. At 6K the random frequency modulation of the »,(X H) 
band is largely produced by the zero-point motion of the 
¥o(XH:---Y ) mode. 

Very similar results, consistent with equations (3) and (5), 


have been obtained by analysing the spectrum of a 0.2M' 


solution of CHOD in freon 11 over the same temperature 
range. The ratio b(H)/b(D) (see equation (5)) is found to be 
approximately V2, in agreement with theory. However, the 
transmission window (or ‘Evans hole’) at about 2,460 cm“ in 
the spectrum of self-associated CHOD complicates the analysis 
and leads to various uncertainties. 

We believe that we have observed an unusual phenomenon: 
the zero-point motion of a heavily overdamped stochastic oscil- 
lator. Because of the strong damping and consequent slow 
relaxation of the rı coordinate in the frozen medium, the »,(XH) 
transition dipole moment relaxes in a time which is small 
compared with te The »,(XH) band thus reflects only the 
probability distribution of the rz displacement coordinate, which 
is gaussian. The halfwidth of the band at liquid helium tempera- 
. ture is consistent with the variance of this displacement coor- 
dinate being 4/22. It must be admitted, of course, that the 
theory in its present form?” is semi-classical, and not strictly 
valid at liquid helium temperatures. The theory could be made 
rigorous by simply replacing the classical Ornstein~Uhienbeck 
autocorrelation function (t) in equation (2) by an autocor- 
relation function derived from a quantum-mechanical mode! of 
a brownian oscillator’. Because in the disordered solid phase the 
conditions for slow modulation are well satisfied, so that the 
bandshape depends only on the probability distribution and not 
on the dynamics of the modulatign process, there seems little to 
be gained by such a refinement., 

The broad »,(XH) bands of solutions of hydrogen-bonded 
species at low temperatures have sometimes been interpreted in 
terms of frozen-in disorder. Our work suggests that in dilute 
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solid solution this disorder should not be understood as a 
distribution of XH---Y equilibrium distances, but rather in 
terms of the slow relaxation of the r, coordinate back to its 
equilibrium position and the absence of any oscillatory character 
to its motion (see refs 1, 7). If there were a distribution of 
XH:---Y bondlengths in dilute solid solution, it is improbable 
that this distribution would be gaussian or that it would produce 
a broadening of the »,(XH) band at liquid helium temperature 
consistent with equation (3). Perhaps the most convincing evi- 
dence in favour of our interpretation, however, is the absence of 
any discontinuity in the amplitude of modulation at the freezing 
point, despite the pronounced change in the shape of the 
absorption band. 

We thank the CEA, CIES, and CSIR for financtal support, 
and Dr H. R. Zelsmann for assistance. G.N.R. thanks Dr Y. 
Maréchal for his hospitality, and discussions. 
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Origin of olivine subgrain 
boundaries in mantle peridotites 


INVESTIGATION of the fabric, texture and dislocation micro- 
structure of olivine has given much insight into the deformation 
history of mantle peridotites’. Optically visible (100) subgrain 
boundaries (tilt or kink-band boundaries) are particularly 
significant in this respect Their existence is the principal 
argument favouring intracrystalline glide as the mechanism of 
deformation’ and the spacing between them (digg) is considered 
to be a measure of the stress conditions during deformation** 
Previous workers have argued that the sub-boundaries in olivine 
originated at the onset of deformation of periodotites’, pre- 
dating both the recrystallised strain-free secondary grains’ and 
grain boundary development in general’. However, re- 
examination of the distribution of sub-boundaries in olivine 
reveals features which are quite inconsistent with this inter- 
pretation. It is suggested in the present work that (100) sub- 
boundaries are a late feature in these perdotites and most 
probably have no connection with hypothetical asthenosphere 
flow. 

The slip system activated during the development of (100) 
subgrains in olivine is {Ok/} [100] (ref. 8); the slip plane is usually 
subparallel to (010) and the slip direction is always [100] (Fig. 1). 
Detailed thin section examination of mantle perndotites shows 
that the point of inside termination of a (100) sub-boundary (the 
point nearest to the common rotation axis of the two related 
subgrains; I intersection in Fig 1) commonly coincides with a 
local convex feature on the grain boundary (Figs 2 and 3). The 
latter may be the corner of a polygonal or cusp-like re-entrant of 
the deformed grain or the point of maximum curvature of a 
smooth curvilinear boundary. 
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Fig. 1 Development of (100) subgrain boundaries in olivine by 

intracrystalline glide. (010), Glide plane; [100], glide direction; 

broken lines, original rectangular grain outline; a, principal stress 

axis; I, subgrain and grain boundary intersection nearest to com- 
mon rotation axis of two related subgrains. 


The intersection of subgrain and grain boundaries at triple 
points, with reported 120° dihedral angles has been noted 
previously’, and used as evidence for subgrain boundary 
development after (100) sub-boundary formation. Textural 
evidence contradicting this position is as follows. (1) Most 
olivine grains in peridotites have curvilinear to sinuous grain 
boundaries and re-entrants are just as cuspate on grain boun- 
daries parallel to sub-boundaries as on grain boundaries normal 
to sub-boundaries. ‘Dihedral angles’ are not in any way 
exclusively or even predominantly associated with the inter- 
section of subgrain and grain boundaries. (2) The actual dihedral 
angles vary markedly in magnitude and show no indication of 
having adjusted, through recrystallisation, to equilibrium 
values. (3) Cusp-like re-entrants at triple points are pre- 
dominantly associated with I intersections (Fig. 1) whereas 
re-equilibration of grain boundary energy through recrystal- 
lisation must result in a nearly equitable distribution between 
triple points associated with both I and O intersections (Fig. 1). 
(4) (100) Sub-boundaries frequently have uneven spatial dis- 
tribution within individual grains, which, in itself, strongly 
suggests that they are localised by the convex features on the 
grain boundaries. (5) Sub-boundaries in primary (large) olivine 
grains also intersect convex features on secondary grain boun- 
daries, and, although they are discontinuous in largely or wholly 
enclosed secondary grains, they do not have continuity across 
them. Hence, secondary olivine grains also seem to predate 
sub-boundary development. 

Further evidence for the late development of sub-boundaries 
is suggested by their abundance in the elongated olivine grains of 
foliated porphyroclastic and equigranular peridotites’. The 
stress system required for (100) subgrain formation (Fig. 1) and 
the resulting deformation, shortening parallel to [100], are 
entirely inconsistent with the proposed deformation mode of 
these peridotites, translation gliding on {Ok/} [100] (refs 1, 2, 9). 
An attempted explanation of this inconsistency in the literature 
is quite unconvincing, since the net elongation of the olivine 
grain under consideration is due to grain rotation, not subgrain 
formation. Moreover, olivine grains in these peridotites would 
continue to elongate with continued deformation, so that early 
formed sub-boundaries should become smeared and irregular. 
In fact, as is well known, (100) sub-boundaries are usually 
sharply defined and linear. 





Fig.2 (100) Sub-boundary in peridotite (spinel lherzolite) nodule 
from Camperdown, Victoria, Australia. Unshaded grains, olivine; 
shaded grains, orthopyroxene; I, I intersection (Fig. 1). 
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I suggest that the sub-boundaries in olivine grains of mantle 
peridotites developed during a later phase of deformation than 
that which produced the overall rock fabric. As presently envis- 
aged, this later deformation was most probably associated with 
structural disruption leading to inclusion of the peridotite 
xenoliths in the basalt liquids. The sub- boundaries are nucleated 
at the convex features of appropriately orientated grain boun- 
daries, their development being activated by the local stress 
concentration expected at these points. The role of stress 
concentration at the tip of Griffiths cracks in the brittle fracture 
of solids is well understood’’. A direct analogy with the 
development of (100) sub-boundaries is the nucleation of 
annealing twins in face centred cubic metals'’. The distribution 
of sub-boundaries in a peridotite does not reflect the overall 
stress on the rock, but the local stress on individual grains. 
Hence, the preferred orientation of sub-boundaries in foliated 
peridotites is inherited from the preferred orientation of the 
olivine grains themselves. In undeformed peridotites the sub- 
boundaries are randomly orientated. The lack (or minimal 
development) of (100) sub-boundaries in secondary olivine 
grains is attributed to their smaller size and more regular and 
equidimensional shape, which allows them to resist deformation 
by subgrain formation much more readily than the larger, more 
irregular and highly crenulated primary grains. Similarly, partly 
or wholly included secondary grains appear passive to the 
deformation not because they postdate it but because they are 
inappropriately orientated to allow translation gliding on the 
same system as the host. 


Fig. 3 (100) Sub-boundaries in Camperdown spinel lherzolite 
(see Fig. 2). 
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Recent dio calculations of the stresses urder which mantle. 
peridotites have been deformed give values about one order of 
magnitude greater than that derived from plače tectonic models 
on the rheology of the mantle**. This discrepancy has led to the 
suggestion that the deformation causing subgrain development 
occurred during diapiric upwelling of the peridotite rather than 
during horizontal asthenospheric flow®. This is essentially 
consistent with the present report, although the possible 
deformation mechanism is not necessarily limited to diapiric 
upwelling. Grain boundary stresses developed immediately 
before magma incorporation might be sufficient for subgrain 
development. Should this be the case, the presence of (100) 
sub-boundaries would not be a useful criterion to distinguish 
between exotic and cognate xenoliths’*. Quite clearly, the crys- 
tallisation and deformation histories of peridotites preserved as 
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nodules in basalts are far more complex than had been anti- 
cipated in the not-too-distant past, and the extent of preser- 
vation of asthenospheric flow characteristics in them, if indeed 
such ever existed, remains to be demonstrated. 
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Some new 
measurements on Stonehenge 


THE possible astronomical significance of Stonehenge has made 
it desirable to make new measurements of some of its features, 
‘and I report here the results of a survey made in April 1978. New 
values are given for the axis of symmetry of the Avenue, the 
figure of the four Stations, the original position of the peak of the 
Heel Stone and the axis of symmetry of the sarsen trilithons (Fig. 
1). 

Linear measurements were taken to the nearest 5 mm with a 
Fibron glass-fibre’tape at constant tension, calibrated against a 
steel tape kept ‘as a standard. Angular measurements were made 
with a theodolite reading directly to 20” and by estimation to 5”. 
The coordinate system used (Tables 1—3) has an origin 141.42 m 
south-west of the bronze peg B close to the centre of Stone- 
henge’, with axes directed to true north and east, so that the 
coordinates of this peg are 100.00 E, 100.00 N. This system of 
local coordinates is to be preferred to National Grid coor- 
dinates, because it allows direct conversion to true azimuths. 
Heights are given in metres above Ordnance Datum, the level of 
the bench mark on stone 16 being taken as 103.11 above OD. 
The full National Grid coordinates of the peg B are SU 
12247.43, 42195.20 (ref. 1). The referring object at the peg £ 
was the west side of a prominent square brick chimney at 
Larkhill (National Grid reference 12750, 44530), the azimuth of 
which had been determined by Thom in 1973 as 12°10'24” 
(personal communication). 

The part of the Avenue surveyed was the straight section 
which runs downhill northeastwards from the entrance of the 
Stonehenge earthwork. Its length to the point where it begins to 
change direction eastwards is 509m. Eighteen transverse 
- profiles were measured with a staff and level to find the lowest 
point of the surface over the ditch on either side, and a peg was 
inserted halfway between each of these pairs of points. The first 
of these profiles was about 2m from the beginning of the 
Avenue and the last about 16 m from the end of the straight 
section. The remainder were spaced about 30 m apart, except 
where the modern road (A 344) crosses the Avenue. The 
coordinates of the index-marks on the pegs were then deter- 
mined by a theodolite traverse. The closing error over a distance 
of 982 m was 0.087 m, giving a consistency of measurement of 
better than 1 part in 10,000. The adjusted coordinates of the 18 
pegs A-T are shown in Table 1. The traverse began and ended at 
peg A. 

Regardless of the method adopted for estimating the azimuth 
of the straight line which is the ‘best fit’ to these 18 points, the 
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result is extremely close to 49°54'40", and this is accordingly 
taken to be the azimuth of the axis of symmetry of the straight 
section of the Avenue. This value has been confirmed by direct 
observations of the azimuths of the lines joining the ends of the 
two Avenue ditches. At the Stonehenge end these were 
excavated by Hawley in 1923 (ref. 2), and were located by 
probing for the lowest point of the ditch bottoms in 1978. At the 
far end, where the Avenue begins to change direction, both 
ditches were exposed by excavation in 1978. The azimuth of the 
north-west ditch, end to end, is 49°52'19", and that of the 
south-east ditch 49°56’5", both values being the mean of six 
observations. The mean of these two values, 49°54’12’, agrees 
well with the calculated axis. 

This new value differs significantly from the mean axis of 
49°35'51" found by Lockyer’, and from the axis of 49°34'18" 
which he adopted for reasons which can now be seen to be 
irrelevant. Lockyer used only six pegs on the apparent centre 
line of the Avenue, and did not record their positions in detail. 
Two of them were 140 ft apart “near the commencement of the 
avenue”, and four others “at distances averaging 100 feet apart 
nearer the further recognisable extremity”. Elsewhere, he states 
that the Avenue was discernible “for more than 1,300 ft from 
the centre of the temple”. This implies that his furthest peg lay 
not more than 425m from the centre of Stonehenge. The 
straight section of the Avenue continues, however, for a further 
139m beyond this point, although it has been somewhat 
reduced by cultivation. 

It is no longer necessary to attempt to derive the date of 
construction of this section of the Avenue from its orientation, 
as Lockyer did, because there are now two closely agreeing 
radiocarbon dates from deer antler picks found on the bottoms 
of the two ditches close to Stonehenge. These are BM-1164, 
1728+68 b.c. and HAR-2013, 1770+70b.c. The weighted 
mean of these dates, when corrected“, is 2165 +80 b.c.. At this 
date the first gleam of the summer solstice sunrise (with 2’ of the 
upper limb above the horizon) would have had an azimuth of 
49°30’, which differs from the axis now determined by about 25’ 


Fig. 1 Diagrammatic plan of Stonehenge, showing the beginning 

of the Avenue, the Heel Stone, the four Stanons (91-94), the 

sarsen circle and horseshoe, and the survey point 8. Standing 
stones are shown in black, fallen and missing stones in outline. 
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Table 1 Coordinates of Stonehenge centres and midpoints of the 
Avenue 





Survey point Eastings Northings Height 
Centre of Aubrey Holes 99.58 99 37 
Centre of sarsen circle 99.15 99.61 
A 100.00 100.00 102.33 
A 143 37 137.55 101.25 
B 155 40 147.62 100.70 
C 178.56 166.52 99.95 
D 197.87 183 59 99.12 
E 220.32 203.07 97.79 
F 243.33 222.05 96.53 
G 266.14 241 38 95 24 
H 288 97 260.56 94.07 
J 311.81 279.78 93.26 
K 334.76 298 75 92.61 
L 357.53 317.98 92.05 
M 380.27 337 24 91.53 
N 403 36 356.10 91.41 
P 425.63 375.87 91.50 
aQ 448.61 394.88 91.31 
R 471 65 413.80 90.96 
S 494.41 433 04 90.53 
T 519.00 453.54 89.60 


If, however, there were trees growing on the skyline to a height 
of 10 m, which is by no means impossible, the azimuth of the 
apparent sunrise thus defined would have almost precisely 
matched the azimuth of the axis now determined. 

If it is assumed that the lines of the Avenue ditches were laid 
out by lateral offsets from a central axis, and that this axis passed 
through the point defined by the means of the cooordinates of 
the points A~T, then the axis prolonged southwestwards would 
have passed 1.46 m north of the peg 8, 1.14m north of the 
centre of the sarsen circle and 1.74 m north of the centre of the 
Aubrey Holes’. The centre of the unfinished double circle of 
bluestones of period II (ref. 5) is not known precisely, because 
only a small proportion of its stoneholes have so far been 
excavated; however, the available evidence suggests that it was 
close to the centre of the subsequent sarsen circle. These diver- 
gencies imply, therefore, that the double bluestone circle and 
the Avenue, both of period IJ, did not share a common axis of 
symmetry. 

The four Stations lie approximately on the circumference of 
the circle of Aubrey Holes, and are often stated to have formed a 
rectangle with sides aligned on extreme azimuths of the rising of 
the Sun and Moon‘. Until the present survey, however, the 
position of Station 94 was located only by inference or con- 
jecture. The values given here (Tables 2 and 3) are derived from 
direct observation and measurement on the ground. 

Station 91 is represented by a fallen stone, now leaning 
outwards against the inner slope of the bank, with an overall 
length of 2.75 m. The original position of its centre is best 
estimated from the outline of the steep-sided stonehole in which 
it stood. This was found by probing in April 1978. 

At Station 92, the centre of the deepest part of the stonehole 
can be determined from an unpublished plan made after its 
excavation in 1921 (ref. 7), and was confirmed by probing in July 
1973 and again in April 1978. 

Station 93 is occupied by the stump of an upright stone, but 
the dressing of parts of its sides below present ground level (and 
well below prehistoric ground level), like that of the sarsen 
stones of period IIa, suggests that it may be a later replacement 
of an earlier marker. The other surviving Station stone, no. 91, 
shows no signs of dressing on its visible surface. The centre of 
stone 93 was determined by direct measurement 

The stonehole at Station 94 was located by excavation for the 
first time in April 1978, when the gravel access-path beneath 
which it lies was being replaced by turf. The filling was removed 
only far enough to define the upper edge of the hole, at the 
surface of the chalk, but probing showed that the sides descen- 
ded almost vertically. Its eastern margin, where it may overlap 
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the adjacent Aubrey Hole 46, was left undisturbed. This Aubrey 
Hole was probably excavated, in part at least, by William 
Cunnington on beHalf of Sir Richard Colt Hoare early in the 
nineteenth century. The latter records the finding of a cremated 
human burial, many of which have been found in the other 
excavated Aubrey Holes’. 

The coordinates of the apparent centres of the four Stations, 
the included angles at each, and the lengths and azimuths of the 
sides of the quadrilateral thus defined are given in Tables 2 and 
3. These values suggest that the figure of the four Stations could 
have been intended to be a rectangle, with adjacent sides and 
diagonals roughly in the ratio of 5:12:13, the Pythagorean 
triangle suggested by Dibble’®. From the evidence available, 
however, it is impossible to determine the precise shape, size or 
orientation of the original figure, because it cannot be assumed 
that the peaks of the stones (the points of reference for 
astronomical observations) were identical in plan with the 
centroids of the holes in which they stood. For this reason the 
original azimuths may have differed from those given here by at 
least +1° for the shorter sides of the figure, and by at least +30’ 
for the longer. These uncertainties must be taken into account in 
any calculation which is made with the aim of showing that the 
four Stations had an astronomical significance. 

The Heel Stone now leans very markedly from the vertical, 
although this has sometimes been ignored in discussing its 
astronomical significance'’. By a combination of direct 
measurement and photogrammetry, its inclination has been 
determined as 24°26’ from the vertical, in a plane bearing 
233°22' from true north. The coordinates of its peak, as seen 
today from the centre of Stonehenge (peg 8) are 160.21°E, 
148.75°N, 105.07 m above OD. If it were set vertical, its 
present apparent peak would lie a little beyond and below its 
new apparent peak, the coordinates of which would be 
161.94° E, 150.04° N, 105.60 m above OD. 

The Heel Stone is part of the structure of period I, for which 
the best estimate of the centre is that of the circle of Aubrey 
Holes (Table 1). The ground levels within the stones of Stone- 
henge have been altered during the last 25 yr by re-turfing, by 
the laying of gravel in 1963 and by its replacement with turf in 
1978; but extrapolation from adjacent contours on undisturbed 
ground suggests that in the absence of disturbance the ground 
level at the Aubrey centre would today be 102.38 m above OD. 
If an allowance of 0.56 m 1s made for the weethering of the chalk 
since the building of Stonehenge I (ref. 12), and of 1.55 m for the 
eye-height of a prehistoric observer’’, the level of a prehistoric 
observer’s eye would have been at 104.49 m above OD. From 
this position the azimuth of the peak of the upright Heel Stone 
would have been 50°54’, and its altitude would have been 
47'29", so that 0.3 m of its top would have projected above the 
bare horizon. Once more, however, if there were trees on the 
skyline standing more than 10 m high, the peak of the stone 
would not have projected above the apparent horizon for an 


Table 2 Coordinates and included angles at the four Stations 


Included 
Station Eastings Northings angle 
91 139.00 80.00 89°24’ .6 
92 113.03 57 80 89°32’ 5 
93 61.58 118 97 91°2'.4 
94 86.22 140 47 SO°'.5 
Intersection of diagonals 99.37 99 99 45°11'.4 


Table'3 Distances and azmmuths between the stations 


Stations Distance Azimuth 
91 to 92 34.17 229°28'.5 
92 to 93 79.93 319°56' 0 
93 to 94 32.70 48°53'.6 
94 to 91 80 26 138°53'.1 
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observer of the summer solstice sunrise. A question posed by 
Hoyle thus remains unanswered** 

Thom has shown’ that the inner faces of the outer four 
trilithons at ground level are a good fit to an ellipse, the major 
axis of which has an azimuth of 49°57'+3’, corresponding to 
astronomical sunrise at 1600+ 450 b.c. He recognised that the 
second, or south, trilithon (stones 53, 54) was leaning inwards, 
perhaps by 3” at ground level, but even so, his estimate of the 
axis of symmetry of the trilithons was based on the present 
ground plan of their inner faces. 

The inclination of the second trilithon was estimated in the 
present survey to be 1°5’ from the vertical, which corresponds to 
an inward displacement at ground level of 0.10 m. If this is 
corrected, the major axis of the best-fit ellipse would be rotated 
anticlockwise through an angle of 25’-30', giving a revised 
azimuth of about 49°30’. This is close to the calculated azimuth 
of the first-gleam summer solstice sunrise (with 2’ of the upper 
limb showing) in 2045 b.c., which is 49°31'17*. This date is the 
weighted mean, when corrected, of two radiocarbon dates for 
the Stonehenge H/Ma transition, BM-46, 1720+ 150 b.c. and 
I-2384, 1620+ 110 b.c. The resulting inference is that the buil- 
ders of the Avenue and of the sarsen structure defined sunrise by 
the first gleam of the upper limb of the Sun over the apparent 
horizon. 

I thank the National Trust and their tenant, Mr J. Wort, for 
permission to survey and excavate on the Avenue, the Ancient 
Monuments Directorate, Department of of the Environment, 
for permission and facilities for the excavation at Station 94, the 
Department of Civil Engineering, University College, Cardiff 
for the loan of a theodolite, and my wife for much patient help. 
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Determination of critical variables in a 
microbial predator—prey 
system by catastrophe theory 


| THE differential or difference equations that are used 
customarily to describe predator-prey interactions can give 
” many insights into the behaviour of simple ecosystems, but only 
rarely can they be used to predict the population densities of real 
organisms with any accuracy. Thus even given long-term obser- 
vations of population densities it is often difficult to deduce very 
much about the behaviour of the organisms. We present here an 
analysis in which we use population measurements to determine 
the variables that govern the response of an amoebal predator to 
its prey. Our results support the suggestion of Curds and Cock- 
burn’ that it is the prey—predator ratio rather than the prey 
density to which the amoebae are sensitive. We have arrived at 
our conclusions by applying catastrophe theory’ in a way that we 
believe will be useful in many other contexts. 

Dent et al? grew vegetative amoebae of the cellular slime 
mould, Dictyostelium discoideum, in continuous culture with a 
bacterial food source, Escherichia coli B/r. Figure 1 illustrates 
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Fig.1 Biovolume density of D. discoideum, data from ref. 3. The 

solid line is the fit obtained using the cusp catastrophe and is not 

significantly sensitive to the choice between the two conventions 
discussed in the text. 


how during the first 150 h of the experiment the amoebae passed 
through alternating phases of exponential growth and decline. 
There was a very rapid change from one such phase to the next, 
and the specific growth rate, A, remained constant throughout 
intervals of as much as a day, during which time the bacterial 
concentration measured in terms of biovolume (the product 6f 
the number density and the mean cell volume) could change by a 
factor of 100. The observation that the specific growth rate was 
shifting abruptly from one more or less constant value to another 
rather than moving smoothly in response to changes in prey 
density suggested that the system could profitably be studied in 
terms of catastrophe theory with A as a state variable. 

From Thom’s list of seven elementary catastrophes we chose 
the cusp because it is the simplest which is consistent with the 
observation that in time the sudden changes in A became smaller 
and eventually disappeared altogether. The cusp catastrophe 
requires two control variables, and we chose the culture age (a) 
and the bacterial biovolume density (H). With these choices a 
plot of prey biovolume as a function of time becomes the 
projection of the trajectory of the system into the control space 
(by system we mean the biochemical reactions which determine 
the behaviour of the amoebae, not the predator-prey system asa 
whole). By marking the points at which the abrupt changes in the 
state variable occurred, we were able to sketch the catastrophe 
set (Fig. 2). We could then relate a and H to the control 
variables of the canonical cusp catastrophe, and this in turn 
reduced the determination of A as a function of a and H toa 
simple curve-fitting exercise. We then integrated A to obtain the 
solid curve drawn in Fig. 1. 

The curve clearly fits the data well, though we stress that the 
significant point is the qualitative picture, that is the nearly 
straight lines and the decreasing periods and slopes. The close 
agreement between the observed and predicted numerical 
values of the slopes is not evidence in favour of the model, 
because catastrophe theory allows us sufficient freedom to 
arrange this agreement providing that the qualitative behaviour 
is correct. 

There is, however, a difficulty, Catastrophe theory explains 
sudden jumps in terms of shifts of the system from one stable 
equilibrium to another*. To predict where these will occur we 
must know not only how many stable steady states exist at a 
given point in the control space but also what determines which 
of two or more alternative steady states the system will be in. 
The former is deduced from the canonical form as given by 
Thom?’and the latter is determined by specifying one of the 
‘conventions’ of catastrophe theory. The two commonly used 
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conventions are the ‘perfect delay’ convention, in which we 
suppose that the system will remain in a local minimum until that 
minimum disappears, and the, ‘Maxwell’ convention, in which 
we suppose that the system will always seck a global minimum of 
potential. 

The catastrophe set indicated by the broken lines in Fig. 2 has 
the familiar cusp shape characteristic of the perfect delay con- 
vention, but the jumps occur as the trajectory enters the cusp, 
not as it leaves it. This implies that the system is moving away 
from one stable equilibrium and towards another at a higher 
potential. Such behaviour is not impossible to explain, but ıt 
involves a rather complicated mechanism as the system requires 
some separate means for choosing between steady states (P.T.S. 
in preparation). 

We have found, however, that if we replace the control 
variable H by H/P, the ratio of prey to predator biovolume 
densities, we obtain the result shown 1n Fig. 3. All five jumps 
now lie on a single straight line, which we take as the catastrophe 
set of the cusp catastrophe with the Maxwell convention. This 
convention does not require us to postulate a separate switch, 
and so we deduce that the factor which determines the growth of 
the amoebae is more likely to be the ratio of biovolumes. This is 
contrary to what is assumed in most models of microbial preda- 
tion but is supported by the result of Curds and Cockburn’ who 
found that the feeding rate of Tetrahymena pyriformis was more 
closely correlated with H/P than with H. 

We have a predator-prey system which we have not been able 
to model in detail and which has features inconsistent with the 
usual models. As a first step towards understanding the system, 
we want to know whether it is H or H/P to which the amoebae 
respond. Catastrophe theory tells us that if the critical variable is 
H/P, then a comparatively simple mechanism can account for 
the observed behaviour. If, however, the critical variable is 
the prey density H, then the mechanism will have 
to be much more complicated with, ‘in effect, two separate 
switches to control a single response. We conclude that H/P is 
far more likely to be the correct choice. 

The curves in Figs 2 and 3 were obtained by fitting cubic 
splines to the data of Dent et al.* and we must ask how sensitive 
our results are to small variations in the shapes of these curves. It 
is clear that in Fig. 2 no minor change in the curves nor difference 
of an hour or two in the location of the peaks and troughs of 
amoeba! biovolume can alter the configuration of the jumpe. 
The catastrophe set will remain qualitatively the same and 
neither the Maxwell nor perfect delay conventions will be 


Fig. 2 Biovolume density of E. coli, with the catastrophe set 
indicated. The points at which the sudden changes in A occurred 
are marked by solid circles. Data are based on ref. 3. 
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Fig. 3 The same as Fig. 2 but with prey-predator ratio as 
ordinate. 


applicable. In the case of Fig. 3, however, we cannot rule out the 
possibility that the dynamic follows the perfect delay convention 
with a very narrow cusp. This would matter if we were trying to 
guess the actual mechanism, but it does nat affect our argument 
concerning the relative simplicity of the possible mechanisms. 
Our conclusions thus do not depend on the precise shape of the 
curves. 

If, as we believe, the rate of growth of amnoebae is controlled 
by H/P, there must be some mechanism bv which the amoebae 
can estimate this ratio. It has been suggested? that folic acid, 
which is secreted by E. coli (and by soil tacteria as well) may 
serve as an attractant for food-seeking armoebae. If folic acid 
molecules are modified on contact with am-oebal receptor sites, 
then the concentration will depend on the ratio of prey to 
predator densities. We are doing experiments to determine 
whether the folic acid concentration governs the behaviour of 
the amoebae. 

We disagree with Zahler and Sussman* that “catastrophe 
theory is a blind alley”. By applying it we have discovered what 
seem to be the correct critical variables in our system. The 
theory made us concentrate on the amoebal specific growth rate, 
and ask how this could be affected. The nsed for two control 
variables led us to consider culture age as an explicit variable, 
even though most equations used in popu.ation dynamics are 
autonomous. This provided a link between the early stage of the 
experiment described here and the observaton’ that after about 
200 h there is an apparently spontaneous change in the popu-. 
lation densities of both organisms. Finally, catastrophe theory 
has provided strong evidence that it is the ratio of biovolume 
densities to which the amoebae respond, ani this has suggested 
further experiments. 

We expect that the way in which we have used catastrophe 
theory to decide between alternative choices of critical variables 
will find other applications in the study of complex systems. It 
does not require data as accurate as would be necessary to fit a 
model based on differential equations. It requires no definite 
hypothesis concerning the mechanism of the system and it leads 
to conclusions that are comparatively robust, for they do not 
stand or fall with one particular choice of mechanism or ad hoc 
equation. We do not claim that we are somehow obtaining more 
information from our analysis than was contained in the data— 
no mathematical technique can accomplish this. What catastro- 
phe theory can do, however, is enable us to answer a limited 
number of questions about a system on the basis of much less 
information than would be needed for a complete description. 
Much of the power of the theory lies in the fact that this limited 
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number of questions so often turns out to include the most 
interesting ones. 

We thank E. C. Zeeman, C. F. Thurston and J. L. Stirling for 
discussions. This research is supported in part by the NERC. 
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Asynchronous sexual development 
determines the 
breeding system in field beans 


THE breeding system of varieties of field bean ( Vicia faba minor 
L.) has long been known to be intermediate between allogamy 
and autogamy, with approximately 1/3 of the seeds set as a 
result of cross-fertilisation and 2/3 by self-fertilisation'. Cross- 
fertilisation is due to bees visiting open flowers. Most inbred 
lines show poor seed set unless their flowers are visited by bees 
or artificially manipulated (tripped) and are therefore called 
autosterile; a few lines which do not require tripping are called 
autofertile™, Irrespective of variety, so far as is known, the field 
bean does not possess a self-incompatibility system for regulat- 
ing fertilisation®°; also anther dehiscence always precedes 
flower opening by one or two days. Why then does the temporal 
advantage of self pollen over cross pollen not lead to obligate 
autogamy under field conditions? In an attempt to answer this 
question, it has been suggested that a spatial separation between 
discharged pollen and the stigma is normally present, but is 
abolished by bee visits which simultaneously bring about pollen- 
stigma contact and chance cross-pollination. According to this 
hypothesis, autosterile lines have a serious impediment to 
pollen—stigma contact, whereas, due to a different floral archi- 
tecture, autofertile lines do not’, although intermediate floral 
Structures also occur. Here we report results of a scanning 
electron microscopic (SEM) study of the stigmas of an auto- 
sterile line (T2) and an autofertile line (T51), which lead to an 
alternative explanation for autosterility and autofertility. 
After freezing open flowers in vapourised liquid nitrogen at 
—110°C the petals were removed without causing disturbance 
to the stigma region. Flowers of the autosterile line T2 examined 


Fig. 1 Scanning electron micrographs of uncoated Vicia faba 


stigmas at 7.5 kV 160. a, Line T2 after flower opening stage 

showing stigma surface covered with pollen grains: flower frozen in 

vapourised liquid nitrogen and dissected without stigma dis- 

turbance. b, Line T2 emasculated before anther dehiscence show- 

ing exudate on stigma surface 18 h after treatment (c.f. Fig. 2d, 2e 
for controls). 
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Fig. 2 Scanning electron micrographs of uncoated Vicia faba 

stigmas taken at 7.5 kV x 160, showing exudate appearance during 

flower development of line T51 (a-c) and line T2 (d-f). Flowers 

were taken from the 4th to 8th flowering node at comparable 

developmental stages: before anther dehiscence (a,d); after 

anther dehiscence but before flower opening (b, e); after flower 
opening (c, f) 


in this way were found always to have stigmas covered with 
pollen grains (Fig. la), showing that autosterility is not due to a 
spatial separation of stigma and self pollen grains in the undis- 
turbed flowers. Autofertile lines also showed abundant pollen. 
Stigma surfaces were then examined by SEM after 
ungerminated pollen grains had been removed from the stigma 
surfaces by briefly rinsing in distilled water. This investigation 
showed differences between lines T2 and T51 with regard to the 
amount and time of appearance of exudate on the receptive 
areas of the stigma tip (Fig. 2a-f). In the autofertile line T51, 
exudate was present before anther dehiscence (Fig. 2a). After 
dehiscence but before flower opening, self pollen was seen 
entrapped in an increased quantity of exudate (Fig. 24). Even 
more exudate was apparent on the stigmas after the flowers 
opened (Fig. 2c). In the autosterile line T2, however, there was 
no exudate before anther dehiscence (Fig. 2d) or before flower 
opening (Fig. 2e), although small amounts of exudate were 
found on stigmas from open flowers (Fig. 2/). 

In angiosperm species, including Vicia faba, in which a wet 
stigma is characteristic, it has been suggested that stigma recep- 
tivity is signalled by an accumulation of exudate on the stigma 
surface’. In autofertile line T51 and in some other lines (data not 
shown) where exudate appears and anthers dehisce before 
flower opening, the probability of self-fertilisation might be 
expected to increase. This has been found to be so in at least one 
instance, where under field conditions’ an autofertile line 
showed much lower outcrossing than did corresponding auto- 
sterile lines. 

In artificial field bean pollination, manual tripping of open 
flowers is a recommended practice for increasing seed set in 
autosterile lines’. Consequently, we examined the influence of 
tripping and emasculation on exudation and found, as expected, 
increased stigma exudate after both treatments (see Fig. 16). 

On the basis of these findings the so-called autofertile lines 
can be classified as protogynous and autosterile lines as pro- 
tandrous. It seems that the timing of stigma receptivity, as 
manifested by exudation, acts as a critical control in field bean 
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pollination. This role of the stigma in actively regulating the 
breeding system may possibly apply to other bee-pollinated 
papilionaceous species. 

We thank Gillian Toynbee-Clarke and Dr D. Bond (the Plant 
Breeding Institute, Cambridge) for seed material. C. P. 
acknowledges financial support from Deutsche Forschungs- 
gemeinschaft and P. Gates is in receipt of a SRC postgraduate 
studentship. 
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Does colour provide an 
input to human motion perception? 


A PUZZLING feature of the visual system of primates is the 
occurrence of a multiplicity of separate ‘maps’ of the visual 
environment, each of which has its own independent set of 
afferent connections. Perhaps these maps represent an early stae 
in the analysis of visual information by the brain. Electrophy- 
siological studies have shown that depth is analysed in V3 (area 
18) (ref. 1), that colour-coded cells occur mainly in V, and that 
motion in the visual field is analysed in the posterior bank of the 
superior temporal sulcus’ (Fig. 1). We report here an experi- 
ment which suggests that colour and movement are handled 
separately in the visual system and that information defined by 
wavelength cannot be processed by the brain’s motion-detecting 
mechanisms. This finding is consistent with Zeki’s demon- 
stration that “cells of the movement area are not concerned with 
colour’*”. 

Stimuli used were based on Julesz’ random-dot stereograms* 
(Fig. 2). The members of the pair of random-dot arrays are 
identical except that all the dots of a central square-shaped 
region are horizontally shifted to an equal extent in one display 
in relation to the other. On monocular inspection, only random 
dots are seen for either display, but when fused binocularly, the 
central shifted region stands out in depth from the rest of the 
dots, as a square having a sharp border; this may be described as 
an illusory contour, as it is not defined by the (irregular) dots of 
the displaced region. 

Lu and Fender® found that when such a display is presented 
with coloured dots against a contrasting colour background, 
stereoscopic depth is lost when the dots and the background 
have equal luminance, although the dots are clearly seen by 
colour contrast at isoluminance. 

The use of random-dot stereograms has not been limited to 
stereoscopic experiments In the present experiment, random- 
dot displays are not presented to give stereoscopic depth; they 
are optically superimposed, and are exposed alternately at a rate 
which gives apparent motion of the central displaced region, 
which then appears as a square oscillating horizontally**. The 
square has (very much as for stereoscopic presentation) a clearly 
defined illusory border. Neither the border nor the motion are 
visible without alternation of the pair of dot displays. The 
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Lunate 
sulcus 


Superior temporal sulcus 





Flg. 1 The lower diagram shows a horizontal section of the brain 
of a rhesus monkey taken at the level indicated in the upper 


diagram to show regions of the prestriate cortex that are specialised 
for colour (marked by crosses) and motion (stippled) (adapted from 
Zeki"). 


appearance of the border can be used as an independent and 
unambiguous criterion of motion perception’. 

We used these patterns to study the role of colour as an input 
to human motion perception. Each dot in the original pattern 
(Fig. 2) is defined by a stepwise change in intensity (that is, black 
dots on a white background). Our strategy was to convert these 
intensity gradients into gradients of ‘pure’ wavelength; that is, 
we replaced all black-white borders with red-green borders 
using an isoluminance projection system*. The intensity of the 
green areas was then varied continuously over a wide range so 
that at least at some setting the intensities of red and green must 
have been precisely matched. 

Isoluminance, with exact registration of the colour areas to 
prevent brightness contours, was obtained by projecting a spe- 
cial colour transparency with combined epi and dia projection 
through a single lens’. Two light sources were independently 
controlled for intensity, the epi source, which illuminates the 
upper coloured (red) surface of the opaque regions of the 
transparency, and the dia source, which projects by means of a 
colour filter (green) through the transparent regions. The trans- 
parency may be photographically produced silk screen prints; or 
3M colour-key contact imaging material (red opaque negative), 
as used here. The format was 60 mm’. a 

An identical pair of these projectors allowed a Juleaz pair of 
transparencies to be superimposed, and projected alternately 
with a pair of electrically synchronised rotating sector-disk 
shutters. ‘Key-stoning’ distortion was avoided by placing one 
projector behind and the other in front of a translucent screen. 


Fig.2 A Julesz random-dot stereogram (see text for explanation), 
The two patterns were optically superimposed and exposed alter- 
nately to produce apparent motion. 


ae 


~} 
35 a 
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The projected display was 37 cm* viewed from about 1 m, 
subtending 65°. The dot elements were 2 cm, subtending 3°, 
which was at least two orders above visual resolution at iso- 
luminance. The screen luminance at isoluminance match was 
about 0.34cdm“. Similar results were obtained at higher 
intensities (up to 34 cd m`’). 

Four volunteers were used and two of them were unaware of 
the purpose of the experiment. Each subject began by deli- 
berately introducing a large brightness difference between the 
red and green areas. At a frequency of about 100; 50; 100 
(stimulus duration 100 ms; interstimulus interval or IST 50 ms), 
a square with well-defined edges could be seen oscillating back 
and forth horizontally. Using the luminance control knob the 
intensity of the green dots was then varied continuously over a 
wide range. The subject was asked to record what he saw as he 
rotated the knob. 

As the green background luminance was gradually reduced 
from a high value to near isoluminance, all subjects reported 
disappearance of the square. The square then reappeared when 
the luminance of the green was reduced to a level below the 
‘isoluminance’ point. The disappearance of the square was quite 
sudden, and reported spontaneously by all four subjects. 





Table 1 Critical range of luminance of green dots for each of four 
subjects 
Luminance range 


Luminance range 
F ~2 
{cdm “)over 


(cd m~*) at which 


which square motion was 
Subject was invisible invisible 
I 4.42 6.84 
2 4.32 6.84 
3 4.73 7.68 
4 3.49 7.68 





Each entry represents the mean value of four readings. 


Table 1 shows the ‘critical range’ of intensities over which the 
square disappeared for each of the four subjects. For all sub- 
jects: (1) the square disappeared slightly earlier than motion and 
was completely invisible over a narrow range of about 58% 
which was fairly constant for each subject, (2) the luminance 
setting for motion disappearance was remarkably constant 
among subjects. At this setting, three of the subjects reported 
that they could still see a slight ‘shimmering’ but none of them 
could detect any motion. 

Having found the critical range, we varied other parameters to 
see if the square could be restored. Increasing the frequency of 
alternation did not make any difference. On lowering the 
frequency to about half the original rate, some of the dot 
elements could be seen moving, but the direction of motion was 
ambiguous and the edge defining the square remained invisible. 
Neither the square nor unambiguous motion could be restored 
at any frequency. We also tried doubling or halving the size of 
dot elements and/or the spatial displacement of the inner 
square, but these proved equally ineffective. 

It is important to note that at the setting at which motion 
disappeared, the individual dots could be discerned just as 
clearly as when luminance contrast was present. Conversely, 
even gross blurring of the pattern (by defocusing the projectors) 
did not destroy the square as long as brightness differences were 
preserved. 

In a control situation we used light red—dark red dot patterns 
instead of red-green. The intensity of one of the reds was then 
varied continuously. All four subjects reported that the disap- 
pearance of the square (and of motion) coincided almost exactly 
with the actual disappearance of the dots at isoluminance. The 
critical range for the disappearance of the square and of motion 
was thus much narrower than that measured using red-green 
dots (Table 1). Thus, colour cues seem to have, if anything, a 
slightly detrimental effect on the perception of coherent 
apparent motion. 
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The disappearance of motion at isoluminance is exactly 
analogous to Lu and Fender’s” discovery that stereopsis disap- 
pears at isoluminance in stationary random-dot stereograms. 
‘Classical’ stereopsis, using monocularly visible line targets, 
apparently does not break down completely at isoluminance’, 
and we now find that this is also true of apparent motion. If two 
simple line targets are alternated instead of random-dot 
patterns, motion does not disappear at isoluminance. 

As in the case of stereopsis’, random-dot targets may be 
processed differently from simple line targets. The former must 
involve cooperative interactions between large populations of 
cells tuned to either the same disparity"'""'' or even (in the case 
of motion detectors) the same direction and velocity. Our 
findings may imply that at isoluminance cooperative facilitation 
is not possible between colour contrast-sensitive motion detec- 
tors. Alternatively, the relevant motion detectors may be 
insensitive to wavelength, which is consistent with physiological 
evidence’, and especially with the observation that monkey 
colour-opponent neurones give sustained responses whereas 
broad-band non-opponent neurones respond transiently. 

Regardless of our interpretation, it is clear from our findings 
that colour and motion are handled separately by the human 
visual system and that colour provides only a weak ‘cue’, at best, 
to movement perception. 

We thank Dr O. J. Braddick for providing some of the Julesz 
stereograms used for making the special transparencies for 
isoluminance projection. 


V. S. RAMACHANDRAN*™ 
R. L. GREGORY 

MRC Brain and Perception Laboratory, 

Department of Anatomy, 

The Medical School, 

University of Bristol, Bristol, UK 


Received 5 May; accepted 18 July 1978. 


* Present address: Kenneth Craik Laboratory, Department of Experimental Psychology, 
University of Cambridge, Cambridge, UK. 


- Hubel, D. H. & Wiesel, T. N, Nature 228, 41-42 (1970). 

. Zeki, S. M. Proc. R. Soc. Lond. B 197, 195-223 1977}. 

. Zeki, S. M. J. Physiol, Lond, (1974). 

. Julesz, B. Foundations of Cyclopean Perception (University of Chicago Press, 1971). 
. Lu, C. & Fender, D. H. Invest. Ophthalmol. 11, 482-489 (1972). 

. Anstis, $. M. Vision Res. 10, 1411-1430 (1970), 

. Braddick, O. J. Vision Res, 13, 355-369 (1973), 

. Gregory, R. L. Perception 6, 113-119 (1977), 

. Ramachandran, V. $., Rao, V. M. & Vidyasagar, T. R. Natere 242, 412-414 (19733, 
10. Nelson. J. 1. J. theor. Biol. 49, 1-88 (19753. 

il. Marr, D, & Poggio, T. Science 194, 283-287 (1976). 

12. Gouras, P. J. Physiol., Lond. 199, 533-547 (1968), 204, 407-419 (1969). 

13. De Monasterio, F. M., Gouras, P. & Tolhurst, D. J. Vision Res. 16, 674-678 (1976). 
14. Dreher, B., Fukada, Y. & Rodieck, W. J. Physiol, Lond. 288, 433-452 (1976). 


NO G6 md Oh Un fe lab tub net 








Suppression of oestrogen-induced 
LH surges by social 
subordination in talapoin monkeys 


IT is axiomatic that the social structure of a group of primates 
has a pervasive effect on each individual’s behaviour. Thus, 
many monkeys form dominance hierarchies, based on the suc- 
cessful outcome of aggressive interactions, and the more subor- 
dinate animals show characteristic behavioural traits'?. In 
particular, the social hierarchy has marked effects on reproduc- 
tive behaviour, especially in talapoin monkeys , where sexual 
interactions tend to be the prerogative of the dominant males’. 
Subordinate male rhesus monkeys have limited access to sexu- 
ally attractive females and produce fewer offspring’, and in the 
few species that have been carefully examined, subordinate 
females, although apparently receiving sexual attention, are, 
nevertheless, less fertile than would be expected””’. Recently, it 
has become clear that the dominance hierarchy affects not only 
behaviour but also hormone levels, Testosterone is higher in 
dominant males®*’, cortisol and prolactin are raised in more 
subordinate animals’. We report here evidence that subor- 
dination can prevent the luteinising hormone (LH) surge which 
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Table 1 Sexual and aggressive behaviour, plasma cortisol and prolactin in female talapoins 


Domunant Subordinate 
female female r F 
Total aggression received from males Attacks 45 110 2.099 < 0.02 
Threats 11 15 0.54 NS 
Displaces 8 61 3.79 < 0.001 
Total aggression received from females Attacks 2 55 3252 < 0.0002 
Threats 0 11 2.28 <0 01 
Displaces 0 216 8.79 < 0.0001 
Sexual behaviour received Mounts 339 64 7.31 <0.0001 
Ejaculations 139 6 7.52 <0.0001 
t 
Mean plasma prolactin +s.d. (ng ml’, human standard) 61 4+43.0 125455.4 8.22 <0.001 
Mean plasma cortisol (ug ml *-ts.d.) 176,5+43.1 207.6+76.6 2.4 <0.02 


Behaviour was based on 1,000 mm of observations during five separate two-week periods when females received oestrogen. Plasma samples were 
collected over a 10-month period during which females received their oestrogen implants. Attack: the aggressor chases its cpponent and attempts to 
grab and bite it. Threat: eyebrows are raised, eyes open wide and the mouth open to varying degrees. Displace: such aggression often occurs when the 
subordinate monkey is occupying a food hopper or sitting with another monkey. Without necessarily making contact the dominant monkey may cause 
the subordinate to move away and then occupy the same position. (z, Mann-Whitney; t Student’s t-test). NS, not significant. 


is normally induced by giving oestrogen to female monkeys, thus Fig. 1 Plasma LH and prolactin levels in dominant (a) and 
offering an explanation for reduced fertility and suggesting that subordinate (b) female talapoin monkeys when given extra 
this can be induced by behavioural interactions. oestradiol (E2) implants (indicated by arcows) over a five-day 


period. The subordinate female has significantly higher prolactin 


A socially living group of four male and four female talapoins levels and unlike the dommant female does not respond with an LH 


was studied in a large cage (11’ x 8’ x 5‘) in which they had lived 
for about one year before the experiments described here. Males 
and females were denied access to each other apart from for two 
periods of 50 mind™’, when sexual, aggressive and social 
behaviour were scored quantitatively from behind a one-way 
vision screen as described elsewhere’’. 

The males were intact; females were ovariectomised and were 
implanted with a single oestrogen-filled capsule (1.5 cmx 
3.2 mm xX 1.0 mm) producing plasma levels of 100-150 pg ml”, 
approximating those occurring in intact females during the 
follicular phase of the cycle. These were removed and replaced 
at intervals to ensure maximal sexual skin swelling and female 
attractiveness. The administration of an oestrogen surge to the 
hypothalamo-pituitary axis is a well recognised method of 
inducing discharge of LH in primates’*. An oestrogen surge was 
produced in the female talapoin by inserting two additional 
oestrogen-filled capsules and plasma samples were then taken at 
intervals over the following 5 d. Plasma oestradiol’*, LH™* and 
prolactin’? were measured by radioimmunoassay and the ani- 
mals’ behaviour continued to be scored twice daily. 

Before oestrogen surges were given, the group had been 
observed for about one year and plasma samples taken twice 
weekly. During this time, both dominant and subordinate 
females received the same dose of oestrogen. Both engaged in 
sexual interactions, although this was more frequently observed 
in the case of the dominant female (Table 1). Aggressive 
behaviour was also different, the subordinate female receiving 
much more than the dominant. Plasma cortisol and prolactin 
levels were raised in the subordinate compared to the dominant 
female during the time they lived together (Table 1). The 
dominant female when given an oestrogen surge on three 
occasions (each separated by approximately 21 d) always pro- 
duced an LH surge about 50—70h later; in no case was this 
observed in the subordinate female even though oestrogen 
levels were comparable to those of the dominant animal (Fig. 1). 
During treatment with additional oestrogen, the behavioural 
differences between the two females were again observed, the 
dominant female receiving more ejaculations (18 mounts and 15 
ejaculations in 10h observation) than the subordinate (14 
mounts, 0 ejaculations in 10h observation). No aggressive 
interaction was directed towards her although a considerable 0 80 120 170 0O 4 80 120 170 
amount was received by the subordinate (T0 attacks, 4 threats, Tune from E, implants h) 
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14 displaces). Plasma prolactin continued to be significanti A 
higher in the subordinate female (mean 115.7 +35.3 ng ml’) 
than the dominant female (50.8+ 17.0 ng ml"), f= 7.15, P< 
0.0001) during the oestrogen challenge (Fig. 1). The subor- 
dinate female. was subsequently treated with a dopamine 
agonist, bromocryptine, a procedure which effectively lowers 
prolactin in humans and can restore ovulation‘, This resulted 
in the reduction of plasma prolactin levels, and when challenged 
again with two oestrogen-filled capsules during bromocryptine 
treatment, an LH surge occurred which resembled that formerly 
seen in the dominant female. Conversely, the prolactin levels in 
the dominant female were raised by giving her the dopamine 
receptor blocker, haloperidol. This both raised her prolactin 
level and rendered the oestrogen challenge ineffective, no addi- 
tional LH being released (Fig. 2). (It is also well recognised in 
humans that high prolactin | levels are associated with amenorr- 
hoea and failure to ovulate’ ) 

As it was possible that the raised prolactin levels in the 
subordinate female might be due to factors other than her social 
environment, she was removed from the group and housed 
singly. Eight weeks later, her prolactin levels had fallen to those 
comparable with the more dominant animals, and the oestrogen 
challenge now induced an LH surge without the need for 
bromocryptine treatment. 

Our results show that behavioural interactions can so alter the 
female primate’s neuroendocrine system as to render it unlikely 


that she could conceive. Thus, reduced fertility observed in ` 


certain subordinate female primates in the wild, and that ob- 
served in humans during stressful situations’*, could be related 
to the hormonal changes we describe here. We cannot be sure 
that the effect of the drugs on LH ‘secretion was due to the 
consequent changes in prolactin, for dopamine is also implicated 
directly in the release of LH’’. It is certainly possible that high 
levels of prolactin, however produced, are inhibitory to ovula- 
tion and hence fertility. Furthermore, we can speculate that the 
syndrome of hyperprolactinaemia in women could be induced or 
aggravated by behavioural mechanisms. Of course, these would 
not necessarily involve overt aggression as described in the 
talapoin monkeys; but whatever factors threaten the social 
stability of the individuals concerned, and the way in which they 
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react to this, would provide a more likely parallel for our own 
species. While not wishing to imply that all subordinate monkeys 
are necessarily infertile, such a mechaniam, if it is physiologically 
active, may also be a way whereby subordinate females would 
contribute less to the breeding of a group than might be expected 
by simply observing their overt sexual behaviour. 

This work was supported by an MRC programme grant to Joe 
Herbert whose help has been invaluable throughout. We thank 
Raith Overhill for drawing the figures, Debbie Steer for typing 
the manuscript, Drs Friesen (PRL antiserum) and Niswender 
(LH antiserum) NIAMDD (LH and PRL standards), MRC 
(h-PRL for iodination) for materials for radioimmunoassay, 
Sandoz for bromocryptine and Searle for haloperidol. 
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Lysosomal and mitochondrial 
heat labile enzymes 
in ageing human fibroblasts 


ONE of the characteristic changes associated with the ageing of 
human fibroblasts in cell culture is the presence of increasing 
amounts of altered molecules'’*. Such alterations have been 
detected for at least three cytoplasmic enzymes: glucose- 
6-phosphate dehydrogenase (G6PD), 6-phosphogluconate 
dehydrogenase and hypoxanthine-guanine-phosphoribosyl- 
transferase. For each enzyme, the proportion of molecules 
which are modified reaches as much as 25% in cells of the last 
generations. The origin of these alterations is still only an 
hypothesis. Some authors’, in agreement with Orgel’s error 
catastrophe theory’, suggest that they are the result of a faulty 
synthesising machinery; others’~’, however, suggest that they 
are due to a post-translational effect. We present here a study 
on the heat lability of some lysosomal and mitochondrial 
enzymes to test whether the alterations also affect proteins 
present in these subcellular entities. We compare the results 
with the predictions of the above hypotheses, and suggest that 
they probably are best explained in terms of a post-trans- 
lational modification. 

Experiments were carried out on normal human fibroblasts 
(WI-38). Using Hayflick’s method’*, these cells were cultured 
and the population was split 1:4 every week. Cells from 
confluent cultures were collected, homogenised and heated to 
high temperatures so as to control the denaturation rates of the 
enzymes (Fig. 1 and Table 1). Five enzymes were tested: N- 
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acetyl-B-D-glucosaminidase (NA@Glu),  a-D-glucosidase 
(aGlu) and N-acetyl-a-D-galactosaminidase (NAaGal), all 
located in the lysosomes, and sulphite cytochrome c reductase 
and G6PD, located in the mitochondria and cytoplasm, 
respectively. For NABGlu, only isoenzyme B was considered. 
Isoenzyme A, which had first been inactivated by incubating 
the homogenate for 60 min at 37 °C in an imidazole-HC! buffer 
at pH 7 (ref. 11), was responsible for 10% of the enzyme 
activity in both young and old cells. The protein concentration 
of the homogenate was adjusted to obtain accurate assays on 
the enzymes (Table 1). The slight variations In the protein 
content of the homogenate did not affect the denaturation rates 
of the enzymes but we added albumin to serve as a protective 
agent when high dilutions of this homogenate were required. 
On the other hand, temperature and pH controls were crucial 
in such experiments. Two cell populations from the same line 
were compared: those from passages 22-25 and those from 
passages 42-45, which had completed 46-53% and 89-96% of 
their maximum lifespan, respectively. The maximum lifespan 
was observed on cells of the same lineage. 

The experimental points presented in Fig. 1 were subjected 
to a factorial two-way analysis of the variance and showed a 
non-significant time-age interaction except for a significant 
interaction with G6PD (P<0.01). When this enzyme was 
tested in the old cells, the deviation of the curve from linearity 
was significant (P<0.05) and the experimental values fitted 
best by superposing two decreasing exponentials; the first one, 
with the steeper slope, represented the denaturation rate of the 
heat-labile G6PD, and the second one, that of the unaltered 
enzyme. The latter was responsible for 77% of the enzyme 
activity. Thus, in the analysis made in our laboratory, only the 
G6PD was altered in the old cells. The experiments were 





Fig. 1 Inactivation curves of enzymes from young and old WI-38 fibroblasts. Confluent cultures were rinsed with phosphate buffered saline (PBS) 
and the cells were collected with a rubber policeman. They were then washed twice with 0.25 M sucrose solution and homogenised by 20 strokes 
of the tight pestle of a Dounce homogeniser (Kontes). For the assay of sulphite cytochrome c reductase, the cells were disrupted with an 
ultraturax. The homogenates were heated in the incubation medium to the temperatures critical for the denaturation of the enzymes. At given times, 
samples were removed and tested for their residual enzyme activity. The experimental conditions are summarised in Table 1. Enzyme assays 
were introduced following methods already published but with slight modifications, that is, NABGlu, aGlu and NA@Gal were tested with 
umbelliferyl derivatives’ at pH 3.5, 4.5 and 4, respectively; sulphite cytochrome c reductase as originally described ai pH 8.5 (ref. 10); the 
preparation of the extract and the assay of the G6PD were carried out following the method of Holliday and Tarrant’. Results were expressed 
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as percentage of the nonincubated 
enzyme. Points are the average of 
two results. Regression lines were 
calculated and drawn on the figure. 
The curve presented for the assay of 
the G6PD on old cells is the 
superposition of two decreasing 
exponentials. @, Cells from passages 
22~25; A, cells from passages 42-43, 
a, NAaGal, 62°C; b, NASGla, 
49°C; e aGlu, 63°C, d, sulphite 
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Table 1 Experimental conditions for the inactvation curves 
Range of the 
protein 
concentration Temperature 
of the of 
homogenate incubation 
Enzyme tested (mg ml‘) Buffer pH Other components (CC) 
N-acetyl-a-D~galactosaminidase 1-1.5 5 mM acetate 4 Albumin 1 mg ml~’ 62 
N-acetyl-6-D-glucosaminidase 0 003-0 005 50 mM citrate 3.5 Albumin 1 mg mI” 49 
a-D-glucosidase `` 0.1-0.15 10 mM acetate 45 Albumin 1 mg mi” 63 
Sulphite cytochrome c reductase 5-8 3 mM imidazole-HCl 8.5 Sucrose 0.25 M 58 
Glucose-6-phosphate dehydrogenase 1.5-2 50 mM Tris-HCI 8 Mercaptoethanol 1 mM 60 
- EDTA 1 mM 
s-amino-n-caproic 
acid 1 mM 
S NADP 1 mM 


repeated at least twice, as described above, and once again at a 
lower temperature (2°C below that indicated); within a range 
of 2~5% no alteration could be detected for the lysosomal and 
mitochondrial enzymes. 

Holliday and Tarrant’ showed that some cytoplasmic 
enzymes are modified during the ageing of human MRC 5 
fibroblasts in culture. We confirmed these results with WI-38 
cells and found that the percentage of heat-labile G6PD 

rved in old populations is similar in both cell strains. To 
in the appearance of altered e es in old cells, Orgel’s 
Hse catastrophe theory of ‘ageing’? was proposed’. This 
theory suggests that all the enzyme molecules would be 
modified, as they are synthesised by faulty machinery. 
However, we show that at least four enzymes are not 
significantly modified during the ageing process. One explana- 
tion for the fact that modifications would not be detectable in 
these molecules ‘that the altered enzymes would be 
completely inactive. This eventuality is.rather improbable, for a 
misincorporation of amino acids produces, considerable 
heterogeneity in the loss of enzyme activity’®. The hypothesis 
of a post-translational modification explains more easily how 
alterations occur in only some enzymes. Several results have 
been published supporting this explanation'**, but discussion 
on the subject remains open’**’. The presence of unaltered 
enzymes in lysosomes and mitochondria, apart from the 
modified cytoplasmic enzymes, also suggests that the alteration 
could be specific to certain cellular compartments. However, 
the analysis of many more enzymes would be necessary before 
we could generalise this hypothesis. Note also that not all the 
cytoplasmic enzymes are modified, for phosphoglucose iso- 
merase was found to be unaltered in old cell cultures”. In 
conclusion, the fact that four enzymes located in lysosomes and 
mitochondria are not modified during the ageing of cell 
cultures suggests that the error catastrophe theory is not a 
satisfactory explanation for the presence of such alterations in 
some cytoplasmic enzymes. 

We thank Mrs A. Genette, E. Feytmans and E. Depiereux 
for the statistical analysis of the results and Mrs A. Houbion for 
assistance. The work was supported by the ‘Belgian Fondation 
Universitaire pour l'étude des processus du vieillissement”. 
The WI-38 cells were obtained from the American type 
culture collection. 
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Initiation of chemical 
carcinogenesis requires cell proliferation 


CELL proliferation has often been implicated in the develop- 
ment of cancer with chemicals’*. Supportive evidence for this is 
the observation that several carcinogens that normally do not 
induce liver cancer in intact adult animals, especially with a 
single dose, become carcinogenic if administered as a single 
injection after partial hepatectomy (PH)’. In these conditions, it 
is thought that PH may act during initiation, presumably by 
fixation of some carcinogen-induced DNA damage through 
replication of the altered DNA. However, because carcino- 
genesis is a multi-step process, often involving the appearance of 
several new cell populations between the initial target cells and 
the ultimate cancer*”, it is possible that the regenerative 
response of liver following PH could have a major effect on one 
or more steps subsequent to initiation. Thus, the use of a very 
late end-point (cancer) makes it difficult, if not impossible, to 
relate with any accuracy some very early event fo any specific 
step in the carcinogenic process. Solt and Farber® have recently 
developed a new approach to the sequential analysis of carcino- 
genesis in vivo that delineates the first few steps in the process 
and is a quantitative assay for initiation of liver cancer. We have 
used this model to investigate whether cell replication exerts its 
first effect on initiation or on some later step in the carcinogenic 
process. And if initiation is at least one site of action, when in the 
regenerative cell cycle is a carcinogen most effective and what 
biochemical events might be involved at this phase of the cell 
cycle? 

The assay’ is based on the hypothesis that an early, if not the 
first, cell is resistant to the inhibitory effect of carcinogens on cell 
proliferation. It consists of the measurement of the number of 
foci of carcinogen-altered hepatocytes that are capable of 
responding to a stimulus for cell proliferation in the presence of 
a strong inhibitor of normal cell proliferation (for example, iow 
dietary level of 2-acetylaminofluorene, 2-AAF). The combined 
dietary 2-AAF plus PH creates a strong selection pressure for 
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the growth of carcinogen-induced putative initiated cells, but 
does not by itself induce such changes in the experimental 
conditions used®’. The foci of altered cells can readily be 
identified either grossly or with the histochemical use of y- 
glutamyl transpeptidase (y-GT) activity, an enzyme that is a 
marker for pre-neoplastic liver lesions in these conditions™'®. In 
addition, with a single dose of at least one chemical carcinogen, 
diethylnitrosamine (DEN), as the initiating carcinogen and with 
this model, hepatocellular carcinoma develops in the majority of 
rats within 8 months’. The cancers are seen to arise within 
hyperplastic nodules which in turn are derived from foci of 
altered resistant hepatocytes’. For example, with a large initiat- 
ing dose of DEN, such as 200 mg per kg, approximately 10° foci 
appear in a 5-g liver during selection, of which about 107 
develop into persistent hyperplastic nodules. One to five 
hepatocellular carcinomas develop from such nodules. 

For this study, a potent carcinogen for many tissues or organs 
and one not requiring metabolic activation, N-methyl-N- 
nitrosourea (MNU), was selected. This compound is not a 
carcinogen for intact liver despite its extensive methylation of 
DNA and other liver macromolecules’, but becomes one when 
administered after partial hepatectomy”. MNU was adminis- 
tered intraperitoneally (i.p.) to male Fischer rats (F-344). Three 
hours later, a time at which no further MNU could be detected in 
the blood or in the liver (E.C. and D.S.R.S., unpublished), the 
animals were subjected to either 67% partial hepatectomy or 
sham operation (SO). After a recovery period of 2 weeks, all the 
rats were exposed to the selection procedure favouring the 
growth of the putative initiated heptatocytes over the surround- 
ing hepatocytes. This consisted of dietary 2-AAF plus the liver 
mitogen, a-hexachlorocyclohexane (@a-HCH)”, as shown in 
Fig. 1. 

The results presented in Table 1 show that foci of resistant 
phenotypically altered hepatocytes, positive for y-GT, were 
seen in rats which received MNU and which were partially 
hepatectomised. Very few foci were seen in the animals receiv- 
ing MNU+SO, vehicle +PH or no MNU. A similar pattern of 
results was obtained using male Wistar rats. Also, when CCL, 
replaced the a-HCH as a stimulus for cell proliferation, 
significant numbers of y-GT-positive foci were again seen only 
in rats receiving MNU plus PH. Recent results in experiments 
designed to determine the time relationships between the 
administration of MNU and PH for optimal initiation indicate 
that MNU is a much more efficient inducer of putative initiated 
cells when administered 18h after operation (129 foci cm™”). 
The degree of initiation falls off rapidly with administration of 
MNU before 16h or after 24 h following partial hepatectomy. 


Tabie 1 Effect of partial hepatectomy on the induction of +-GT- 
positive foci in the liver by MNU 


a-HCH CCl, 
Treatment Fischer Wistar Fischer 
MNU + PH 7.442.5(4) 12.6 20.3 
12.5 26 0 
MNU + S0 0 6+0.2(4) 0.9 0.8+0.5(4) 
0.3 
Citrate + PH 0.2+0.1(4) 0.3 0.5+0.3(4) 
0.5 
MNU, no operation 0.7 = om 
0.4 
No MNU, no operation —- 0.6+0.2(5) ao 


For scoring purposes, we used the charactenstic histochemical stain- 
ing for y-GT, as described by Rutenburg et al.!*, with which the selected 
foci stain dark red and the surrounding normal hepatocytes show no 
staining. y-GT-poaitive foci were counted by low power microscopy and 
the numbers expressed as foci cm™? of section area (mean+s.e.m.), The 
number of animals is in parentheses. All the groups were selected by 
exposure to 0.02% 2-AAF plus CCL, or a-HCH, as detailed in the 
legend to Fig. 1. 
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Fig. 1 Adult male Fischer 344 rats (Canadian Breeding Farms 
and Laboratories) were given a single dose of N-methyl-N- 
nitrosourea (60 mg per kg, 1.p in 10 mM citrate buffer pH 6 0): 
After 3 h they were efther submitted to partial hepatectomy (PH) 
or sham operated (SO). Control groups received MNU and no 
operation, citrate buffer and PH, or citrate buffer and SO. Two 
weeks later, all the animals were placed on a diet containing 0.02% 
2-AAF in order to create a ‘mito-~-inhibitory’ effect, and 1 week 
after starting the 2-AAF diet they were subjected to a stimulus for 
hver cell proliferation by force-feeding a-HCH, at a dose of 
150 mg per kg dissolved in corn oul, on days 7 and 9 after com- 
mencing the 2-AAF diet, or a single dose of CC), (0 25 ml per 
100 g in corn ofl), After a total period of 14 days on 2-AAF diet, 
the rats were placed on the stock diet devoid of AAF for 7 days. At 
the end of this period, they were killed and liver samples were 
processed for histological and histochemical studies. To monitor 
the effectiveness of the selection procedure, rats previously mti- 
ated with diethylnitrosamine (DEN: 100 mg per kg, 1.p ) were also 
included at the start of the 2-AAF diet. Open bar, 1 week basa! 
diet; hatched bar, 1 week basal diet+0.02% AAF., 


These data clearly indicate that initiation of carcinogenesis with 
MNU is intimately related to some change in the liver that 
occurs after removal of two-thirds of the liver. 

We have not yet established that the administration of MNU 
in partially hepatectomised rats in the conditions used in these 
experiments leads to liver cancer. However, there is consider- 
able circumstantial evidence in support of this. For example, (1) 
MNU in similar conditions has been found to be carcinogenic for 
the rat liver in two laboratories'**‘; (2) the foci induced by 
MNU, like those induced by DEN and other liver carcinogens.,. 
are positive for y-GT, a marker enzyme for pre-neoplastic and: 
neoplastic hepatocytes‘; and (3) the foci are indistinguishable in 
their appearance and early behaviour from those induced by 
DEN and the latter have been shown to be precursors for liver 
cancer’. 

Although the mechanism by which cell proliferation stimu- 
lates the induction of putative pre-neoplastic hepatocytes is not 
known, replication of carcinogen-damaged DNA before repair 
offers an attractive mechanism by which the carcinogen-induced 
DNA damage may be fixed and may thus increase the chances of 
altered nucleotide sequences in the newly made DNA. In 
support of this hypothesis, it has been demonstrated that liver 
DNA containing carcinogen-induced lesions such as those 
induced by MNU (D.S.R.S., S. Rajalakshmi and P. M. Rao, 
unpublished observations), dimethylnitrosamine’*** and N- 
hydroxy-2-acetylaminofluorene’’ replicates im vivo. Such a 
phenomenon is not lethal for the cell, since the newly made 
DNA on the damaged templates is stable ın vivo for at least one 
month. Interestingly, several liver carcinogens are necrogenic 
and induce compensatory liver cell proliferation; some of these 
induce resistant foci without the need for an exogenous mitogen 
such as PH (refs 6, 7). 


62 


The observation that cell replication seems to be necessary for 
the induction of putative initiated hepatocytes by MNU suggests 
that initiation of carcinogenesis may consist of at least two steps: 
(1) interaction of a carcinogen or its activated derivatives with 
target molecules, possibly DNA, to induce an appropriate bio- 
chemical lesion, and (2) the ‘fixation’ of the lesion or lesions by a 
round of cell replication. Such a concept would imply that one or 
more cellular events closely related to cell replication are an 
integral part of the initiation process with chemical carcinogens. 
The similarity between initiation of cancer development with 
chemicals and transformation of cell cultures with DNA viruses 
and X rays'**! is noteworthy in that they both require at least 
one round of cell proliferation. The possibility that the initiating 
carcinogen is selecting a preformed altered cell rather than 
inducing a new one de novo is thought to be unlikely because of 
the following observations. (1) No foci of altered cells are 
selected without previous exposure to the carcinogen. (2) The 
foci observed are distributed randomly throughout the hepatic 
parenchyma, despite the striking zonal organisation of the liver. 
In addition, the demonstration that a carcinogen can 
permanently alter the progeny of a single cell in culture’ 
supports the hypothesis that the foci we observe represent a de 
novo induction phenomenon. 

The possible role of altered DNA or other macromolecules 
and of the repair of such damage is now being analysed with this 
model. 

This work was supported by the NCI of Canada, the US NCI 
and the MRC Canada ME-5994 and CONICIT, Venezuela. 
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C-type viral antigen 
expression in human placenta 
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THE evidence of C-type virus expression in man includes elec- 
tron microscopic observation of virus-like particles in 30-50% 
of a small number of human placentas’~*. Because of the limita- 
tions of ultrastructural surveys (sample number, specimen size, 
false negatives) we attempted to detect C-type virus expression 
in human placenta by indirect immunofluorescence using 
antisera raised against HEL-12 virus; this is a C-type retrovirus 
recovered from human embryonic lung cells after in vitro 
cultivation’. We demonstrate here C-type virus-related antigen 
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in 24 of 24 term placentas. The specificity of the im- 
munofluorescence reaction for viral antigen was confirmed by 
serum absorption tests with purified virus. Preliminary isolation 
of the reactive antigen from placenta yielded a glycoprotein-rich 
fraction (8-4) which blocked binding of anti-HEL-12 virus 
antiserum with placenta. In addition, antisera raised against B-u 
reacted with HEL-12 virus-infected cells as well as with human 
placenta. 

A survey of 24 normal full-term placentas was carried out 
with anti-HEL-12 virus antiserum. The HEL-12 virus anti- 
serum was prepared by hyperimmunisation of rabbits with 
gradient-purified HEL-12 virus. The antiserum reacts with 
HEL-12 virus infected cells of several species but not with 
uninfected controls”. In addition, anti- HEL-12 virus antiserum 
has not been found to react with normal adult tissues®’ 
Comparable samples from the maternal surface of each placenta 
were quick-frozen in isopentane, usually within 1h and no 
longer than Sh after delivery, and then sectioned. Using a 
previously described technique®, all placentas exhibited the 
same distinctive pattern of fluorescence with anti- HEL-12 virus 
antiserum (Fig. 1a). For comparison, a light micrograph of a 
serial section of the same placenta is presented in Fig. 16. 
Arrows indicate the areas in which immunofluorescence was 
detected. Fluorescence was predominantly associated with cells 


Fig. 1 Immunofluorescent reaction in human placenta P28V. a, 
4 um cryostat sections of human placenta (P28V) were washed in 
PBS and fixed in ether-ethanol (1:1) for 5 min followed by 95% 
ethanol for 20 min at 25°C. Sections were then incubated with 
anti-HEL-12 virus antiserum (1:20) for 30min in a moist 
environment at 25 °C, washed three times with PBS, stained with 
goat-anti-rabbit IgG-FITC conjugate (Behring) for an additional 
30 min, and then washed again three times with PBS. Slides were 
examined with UV illumination using an Olympus BHA fluores- 
cence microscope fitted with an FITC filter and a vertical 
ultraviolet illuminator. The reaction shown is typical of all of the 
placentas examined. b, A serial section of P28V was fixed in 
formalin and then stained with haematoxylin and eosin. The 
syncytiotrophoblast (s), cells of the villous stroma (v) and position 
of maternal (m) and fetal (f) circulation are marked. The arrows 
indicate the areas in which immunofluorescence was detected. 
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Table i Indirect immunofluorescence of human placenta with C-type viral antisera 





Antisera 

(serum dilution) Absorbent 
Preummune rabbit (1°20) — 
Rabbit ant-HEL-12 (1:20) — 
Rabbit antl-HEL-12 (1:20) HEL-12 virus 
Rabbit anti-HEL-12 (1:20) SiS V 
Rabbit anti-HEL-12 (1:20) 
Rabbit anti-HEL-12 (1.20) BaEV 
Rabbit anti-HEL-12 (1:20) 
Rabbit anti-HEL-12 (1:20) B-p» (3 preparations) 
Rabbit anti-HEL-12 (1.20) RSV 
Rabbit antl-HEL-12 (1:20) Fetal calf serum 
Rabbit ant-HEL-12 (1:20) Bovine serum albumin 
Rabbit anti-HEL-12 (1:20) Human serum albumin 
Rabbit anti-HEL-12 (1:20) Haemoglobin 
Rabbit antd-HEL-12 (1 20) Human IgG 


Goat-ant!-SiSV (1:5) — 
Control goat (1:2) er 
Rabbit-anti-BaEV (1:2) — 


Concentration No. of placentas 
(ug protein) Immunofluorescence examined 
—— oo 24 
~ + 24 
25 — 5 
25 + 2 
150 trace 2 
25 + 2 
150 trace 2 
40 me 4 
150 + 4 

1,800 + 2 
200 + 2 
200 + y 
200 + 2 
200 + 1 
mae + 2 
-— a 2 
— — 2 


Indirect immunofluorescence of human placenta with C-type viral antisera. Antisera were used in indirect immunofluorescence tests® with frozen 
sections of human placenta as described in the legend to Fig. 1, with or without previous absorption. Absorption was carried out incubating 50-pl 
volumes of anti-HEL-12 virus antiserum (1:20) with 25~1,800 ug of absorbent protein for 1 h at 25 °C and 18 h at 4°C. Protein concentration was 
determined by the method of Lowry”. HEL-12 virus was purified as described’. Fetal calf serum (Gibco), human and bovine serum albumins 


(Pentex), haemoglobin (Sigma) and ae IgG (Pentex) were diluted immediately before use. 


antisera were goat-anti-rabbrt IgG- 


fluoroscein isothiocyanate (FITC) and rabbit-anti-goat [gG-—FITC antisera (Behring). Slides were evaluated under code by two independent 
observers. Each placenta specimen gave the reaction indicated. Specimens were negative (—), positive (+) or trace, a fluorescent reaction paidh was 
greatly reduced as compared with positive sample but which could be distinguished from negative samples. 


of the villous stroma surrounding vessels carrying fetal blood. 
No significant fluorescence was found in syncytial trophoblast 
cells, which are in contact with maternal blood. The fluorescence 
pattern is consistent with what might be expected if the zone of 
antigenicity was delineated by the basement membrane between 
the syncytial trophoblast and the villous stroma. Neither the 
preimmune serum nor the fluorescein conjugate alone reacted 
with any placenta. Replicate sections pf 10 placentas stained 
with twofold serial dilutions of antiviral antiserum showed a 
common endpoint of 1:40, suggesting that they contained a 
comparable amount of antigen. 

Specificity of immunofluorescence was tested by serum 
absorption. Anti-HEL-12 virus antiserum was absorbed with 
gradient-purified simian sarcoma virus (SiSV), baboon endo- 
genous virus (BaEV), Rous sarcoma virus (RSV) and HEL-12 
virus. Table 1 shows that only HEL-12 virus blocked the 
reaction completely at the concentrations of virus used. SiSV 
and BaEV mediated partial absorption, as might be expected, 
for HEL-12 virus crossreacts with both although they do not 
crossreact with each other**, RSV did not block the reaction. 
Bovine and human serum albumins, immunoglobulin and 
haemoglobin, at concentrations 10-fold in excess of that needed 
for HEL-12 virus to absorb, and a 70-fold excess of fetal calf 
serum, did not block the reaction. Antisera to SiSV and BaEV 
were tested for reactivity with placenta (Table 1). Both sera 
detect multiple components of HEL-12 virus as determined by 
immunoprecipitation and acrylamide gel analysis (J. T. Rey- 
nolds, unpublished observations). Anti-SiSV predominantly 
reacts with the viral envelope whereas anti-BaEV detects a wide 
range of virion components. Concentrated anti-BaEV 
antiserum did not react with placenta whereas anti-SiSV 
antiserum mediated a similar fluorescence pattern to that seen 
with HEL-12 virus antiserum. The data indicate that anti- HEL- 
12 virus antiserum reacts specifically with normal human 
placenta by detecting antigen which crossreacts with a primate 
C-type virion component. The inability of anti-BaEV antiserum 
to react with placenta compared with the effectiveness of 
concentrated BaEV in serum absorption tests with anti- HEL-12 
virus antiserum most probably reflects a low antibody titre of the 
anti-BaEV antiserum for antigenic determinants shared by 
HEL-12 virus, BaEV and human placenta. 


As C-type viral antigens are found at infected cell surfaces’®, a 
procedure designed to elute cell surface components was used in 
an attempt to isolate the reactive placenta antigen’’ Reactive 
antigen was monitored during the isolation procedure by the 
ability of fractions to inhibit immunofluorescence in serum 
absorption tests. The chorionic membranes and umbilical cords 
were removed from placenta and the remaining tissue was 
homogenised and incubated with 3 M KCI for 18 h at 4 °C. The 
eluted material which was soluble in deionised water was 
chromatographed on G-100 Sephadex in phosphate-buffered 
saline (PBS), pH 7.3 (Fig. 2). Protein eluting between 70- 
80,000 MW, fraction 2, was the most active in serum absorption 
tests. This fraction was separated by chromatography with 
concanavalin A-coupled Sepharose (Con A) and a Con A 
binding fraction (8-u) was eluted with a-methylmannoside. 
40 wg of this glycoprotein-rich fraction completely blocked the 
reaction of anti HEL. 12 virus antiserum with placenta (Table 
1). In contrast, as 100 ug of Sephadex fraction 2 was required for 
comparable inhibition, Con A chromatography selects for 
material which is increased in specific activity for the reactive 


Table 2 Indirect immunofluorescence with anti-8-u antiserum 


Immunofiuorescence with 
antisera against 


Infecting HEL-12 Preimmune 
Target cell virus Species -u vinus sora 
HEL-12 p 21 HEL-12 human + + a 
A204 — human = = -= 
NMF HEL-12 mink + + — 
NMF — mmk -- — - 
TIAPI SiSV marmoset + + — 
MFS — marmoset  — — m 
BILN BaEV baboon + + — 

Rabbit antisera were diluted 1:80 and used in indirect 


immunofluorescence tests with virus-infected or control cells grown in 
vitro™ The secondary anti-serum, goat-anti-rabbit IgG-FITC (1:20) 
did not react with any cell by itself. Positive immonofluorescence with 
fissue culture cells was granular and apple green end confined to the 
cytoplasm. Slides were evaluated under code. 


~ 


Blue dextran 


20 40 60 80 
7 Fraction no. 

Fig.2 Fractionation of KCI extract of human placenta. 200-300 g 
of placenta were obtained by removing the chorionic membrane 
from freshly delivered human placentas and washing the resultant 
material with PBS. Three 5-s bomogenisations in a Waring blender 
were followed by treatment for 10 min with 0.85% NH,Ci at 4 °C 
and the peliet obtained was treated with PBS containing 3 M KC] 
for 18 h at 4 °C. The resultant supernatant was extensively dialysed 
against 0.85% NaCl followed by deionised water. The water- 
soluble fraction was then concentrated by pressure dialysis and 
20-50 mg-in 1~1.5 ml was applied to a 150-ml Sephadex G-100 
(Pharmacia) column (a). The column was run at a flow rate of 
10 ml h7’ with PBS, 0.2% NaN;, pH 7.0, as the buffer. 2.0-ml 
fractions were collected and monitored at a wavelength of 280 nm 
in a Gilford:240 spectrophotometer. The column was calibrated 
with blue dextran, bovine serum albumin (BSA), and ribonuclease. 
Frachons were tested in serum absorption tests as described in 
Table 1. Based on such tests, the fraction shown shaded was 
selected and applied to a 10-ml column containing Con A- 
Sepharose (Pharmacia) (b). The column was then rinsed with four 
column volumes of normal saline, 0.05 M phosphate and 0.2% 
NaNg, pH 7.0, at a rate of 6.0 ml h”’. This was followed by a 10% 
‘solution of a-methylmannoside (Sigma). 1.0-ml fractions were 
collected. The a-methylmannoside eluate was concentrated by 
pressure oe and used for serum absorption tests and 
immunisation. 


j 


placental antigen. B-u preparations were isolated from three 


placentas and each preparation blocked the reaction of anti- 


HEL-12 virus antiserum with specimens from several different 
placentas. 

To substantiate that 8-4 contained antigen related to. HEL- 
12 virus, an antiserum was raised in a rabbit against 8 -u. Table 2 
shows that this anti-§-u antiserum reacted with virus-infected 
cells and human placenta but not with uninfected control cells. 
Preimmune serum did not react with any specimen. 

Although we previously reported HEL-12 virus-related 
antigen and antibody in some tissue from patients with systemic 
lupus erythematosus®”, this is the first report of virus-related 
antigen in all specimens tested of a selected normal human 
tissue. The placenta may be a privileged site of C-type viral 
expression in man, as has been suggested for sub-humen pri- 
mates*’?. Factors allowing placenta to be such a privile ne 
may include hormonal modulation of viral re a teal * an 
the suspension of some immune, mechanisms 

The reaction of antivirial antiserum was predominantly asso- 
ciated with celis-in contact with fetal blood whereas the rare 
particles reported in electron microscopic studies™* were found 
at the surface of cells bathed by maternal blood. This difference 
in the location of antigen and maturing particles is of interest in 


0028—0636/78/027 5—0064$01 00 


Nature Vol. 275 7 September 1978 


view of the observation that mammalian cells often contain 
proviral DNA of non-crossreactive C-type viruses’®. Four 
unrelated classes of C-type viruses have been described in 
primates'’'*. In placenta, the virions detected morphologically 
and the antigen detected by fluorescence may be related. The 
apparent absence of fluorescence in the syncytiotrophoblast 
may indicate that viral expression is restricted to small focal 
zones whereas viral expression in the cells of the villous stroma is 
widespread. Furthermore, virions in the villous stroma may not 
yet have been detected. Alternatively, the virions and -pu 
antigen may not be antigenically related. In addition, there is 
evidence that RP viral antigen may be transiently expressed 
during gestation 

We have consistently detected the presence of a component of 
human placenta which crossreacts antigenically with the C-type 
retrovirus HEL-12. We are able to isolate a fraction from 
placenta which inhibits this reaction of ant-HEL-12 virus 
antiserum with placenta and an antiserum prepared to this 
antigen reacts with placenta as well as with HEL-12 virus- 
infected cells. We have not determined the site of B-u synthesis, 
nor do we know the chronology of its expression during gesta- 
tion. Experiments are in progreas to explore these questions as 
well as to characterise the complexity of B-u and determine its 
presence in fetal tissue. 
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Induction of extensive 
fimbrial branching in the adult rat brain 


IT is now well known that some central nervous system axons 
can regenerate following axotomy'* or sprout in reaction to” 
nearby denervation’. The cholinergic projection from the 
septal nuclei to the hippocampal formation has demonstrated 
the ability both to regenerate‘ and sprout*’. However, the 
possibility that axons in the mature mammalian brain can be 
induced to grow in other circumstances has not been mvesti- 
gated. We have examined the ability of the axons of the 
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fimbria, the fibre bundle which interconnects the septal nuclei 
and the hippocampal formations, to grow in circumstances 
other than those used in classical regeneration and sprouting 
research. The fimbria is particularly suitable for the study of 
axonal growth in brain as its fibres run as an unbranched 
bundle, with one surface exposed to the lateral ventricle and 
thus free from surrounding neuropil. Consequently, it is readily 
accessible for experimental manipulation. We demonstrate 
here that fibres of the fimbria in the adult rat brain can be 
induced to grow in circumstances that neither sever them nor 
denervate regions to which they normally project. 

We used adult albino rats (380-470 g, Sprague-Dawley from 
Simonsen Labs). All rats, under Nembutal anaesthesia, had 
their right fimbria exposed at the juncture of the septum, 
fimbria and anterior hippocampus. A flap of skull was removed 
for 2 mm on either side of the landmark bregma, and extending 
from the mid-sagittal suture to the edge of the dorsal surface of 
the skull. The dura was removed and the cortex, corpus 
callosum and caudate nucleus overlying and adjacent to the 
fimbria were aspirated. In some experiments the fimbrial fibres 
were left untreated, and in other experiments the fimbria was 
cut with a scalpel or treated for 10 min with a cotton swab 
containing either 1 ug of NaCl or l wg of colchicine. The 
wound was then rinsed with sterile saline and filled with 
Gelfoam. About two months after surgery animals were 
anaesthetised and perfused transcardially with a 10% formal- 
dehyde-saline solution (a few animals were perfused with glu- 
taraldehyde for ultrastructural observations). The brains were 
removed and post-fixed in the perfusion solution before stain- 
ing and histological analysis. Additional animals were killed at 
4 and 11d after treatment to determine short-term effects of 
the experimental treatment. 

We have previously found that after the fimbria has been cut 
or crushed the fibres do not regenerate. However, a less trau- 
matic lesion, by freezing the fimbria, produced a most unusual 
outcome. In some animals, following freeze lesions of the 
fimbria, a bridge containing nerve fibres and glial and epithelial 
cells was seen to originate from the fimbria, cross the ventri- 
cular space and make contact with the lesioned caudate 
nucleus’ (Fig. 1a, b). These seemed to be regenerating fibres 
that for some reason could not pass through their normal 
trajectory and instead followed a path towards the caudate 
nucleus. However, during experiments on the trophic regula- 
tion of synaptogenesis in the mature rat brain we observed that 
the cotton swab application of colchicine to the fimbria often 
induced an outgrowth of fimbrial fibres. In some cases these 
fibres bridged the ventricular space between the fimbria and 
caudate nucleus. Initially, we suspected that these fibres had 
regenerated following colchicine-induced damage of the 
fimbria; however, this interpretation was unlikely in view of 
morphological evidence that the cotton swab-colchicine appli- 
cation caused very little, if any, fibre destruction (D.G. and 
C.W.C., in preparation). Accordingly, we proceeded to 
determine if the application of a cotton swab with salt crystals, 
or the mere surgical procedure of exposing the fimbria, could 
induce fimbrial fibres to grow towards the lesioned caudate 
nucleus. 

An outcropping of fibres from the fimbria was seen 30-60 d 
after cotton swab-NaCl treatment of the fimbria in 13 of 15 
cases, and in 5 of these cases there was also an outgrowth of 
fibres from the lateral septum. These fibres arced out from the 
fimbria (or septum) but usually curved back and followed a 
normal trajectory. In material stained for acetylcholinesterase 
(AChE) a single fibre could be observed to depart from its 
normal linear trajectory and curve towards the caudate among 
a tangle of other axons and glial cells. Many axolemmal bulges 
Or varicosities were present in these axons (Fig. 3a), Such 
varicosities were rarely seen in the normal fimbria. In five of 
these 15 cases fibres were observed to travel in a dense glial 
matrix across the lateral ventricle where they contacted the 
partially damaged caudate (Fig. 2a, 6). The marked enrichment 
of glial cells in the branch was not seen in the normal fimbria. 





Fig. 1 a, Photomicrograph of fibre-stained, horizontal section of 
rat brain 60d after freezing of fimbrial fibres. Paraffin sections 
were stained with the Holmes’ silver method’? to demonstrate 
nerve fibres. The branch is seen to extend from the fimbria (f) to 
the caudate nucleus (c). Contralaterally, the fimbria and caudate 
nucleus are intact. Scale bar, 500 um. b, Enlarged portion of 
fimbrial branch to caudate nucleus showing nerve fibres travelling 
in a mesh of glial cells. Scale bar, 50 um 


The fibres in the branch clearly adjoined the caudate neuropil, 
but it was less clear whether they actually entered it. Ependy- 
mal cells lined the rostral surface of the branch and were 
apparently continuous with the ependymal lining of the fimbria 
and caudate. 

- In the initial stages of this apparent growth process, a dam- 
ming up of AChE-positive material was seen at 4d post- 
treatment. By 11d post-treatment axons could be observed 
which deviated from their normal pathway and displayed 
swollen regions along their course (Fig. 34). These changes 
were specific to the areas of cotton swab application. 

The growth of fimbrial fibres towards the caudate did not 
seem to be related to the destruction of the fibres, as (1) at 
short times after treatment, staining for AChE remained 
normal in the hippocampus (see Fig. 2a) (in contrast to the 
marked depletion of AChE staining seen after fimbrial 
lesions’); (2) there was little apparent lethal fibre damage in the 
fimbria as determined by light and electron microscopy; (3) at 
4d after treatment, many normal axons were observed to 
travel laterally towards the caudate instead of taking the usual 
longitudinal course along the hippocampal formation; (4) in 
four cases of complete section of the fimbria no fibre outcrop- 
pings were observed. 

The conditions for the initiation of growth seemed to depend 
on two factors. First, some type of mechanical disturbance 
seemed necessary to elicit growth. In 9 animals whose fimbriae 
were exposed but left untreated there was only one case where 
fimbrial fibres grew out towards the caudate. This is in contrast 
to the cotton swab-NaCl treatment of the fimbria where in 5 of 
15 cases fimbrial fibres reached the caudate nucleus. However, 
in the extreme instance of freezing the fimbrial fibres, axonal 
growth occurred frequently but involved very few fibres. The 
most prolific growth occurred with cotton swab applications, It 
may be that the mechanisms of growth induction are common 
to all these cases but that in the mere exposure of the fimbria 
the disturbance is too small, whereas in the freezing of fimbrial 
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Fig.2 a, Photomicrograph of AChE-stained, horizontal sections 
from rat brain 32d after cotton swab-NaCl treatment of the 
fimbria. Section stained for AChE after the method of Matthews 
et al.'*. The left side shows the normal course of fimbrial fibres 
travelling uninterrupted from the septum (s) to the ventral hippo- 
campal formation (vh). The intact caudate nucleus is lateral to the 
fimbria. The right side shows the fimbria branching off towards 
the lesioned caudate nucleus. Although there is a disruption of 
fibres in the fimbria there is no depletion of AChE-staining in the 
ventral hippocampal formation. AChE-staining of the ventral 
hippocampal formation is almost completely eliminated by 
section of the fimbria”. In silver-stained material the branch is 
observed to contain many axons, of which only a small percentage 
stain positively for AChE. Calibration bar = 1mm. b, Enlarged 
portion of boxed-in area of Fig. 2a, demonstrating AChE-posi- 
tively staining fibres. Some of these fibres are shown to pass from 
the fimbria to contact the lesioned caudate in two separate regions, 
whereas other fibres continue posteriorlyto the ventral hippo- 
campal formation. Scale bar, 200 um. 


fibres the extreme damage is a hindrance to growth. Second, 
the proximity of a lesioned caudate nucleus was apparently a 
condition for successful fibre outgrowth. In animals where most 
of the head of the caudate had been removed (the regions 
closest to the perturbed fibres of the fimbria) little, if any, 
growth of fimbrial fibres was observed. Other regions of close 
proximity to the fimbria, such as the thalamus, hypothalamus 
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and corpus callosum, were never targets for the outgrowing 
fibres. 

We cannot specifically identify the nature of the perturbation 
that will initiate fibre growth. However, we feel that the cotton 
fibres from the swab, the mechanical disturbances of exposing 
the fimbria or the freezing of fimbrial fibres all act to irritate the 
fimbria and that this irritation induces nerve growth. The 
partially denervated cholinoceptive cells of the caudate nucleus 
may produce substances which attract and stimulate the growth 
of cholinergic fibres of the fimbria that have been prompted to 
grow. The role of factors such as fibre perturbations and the 
attractive influence of denervated tissues in stimulating and 
Sustaining axonal growth is very similar to those factors hy- 
pothesised by Cajal, Nageotte and Marinesco to be critical for 
growth of axons in the periphery and spinal cord of the mam- 
malian nervous system’. Seiger and Olson have shown that 
locus coeruleus neurones that have matured in the eye can 
reinitiate extensive fibre growth in response to contact by a 
graft of denervated iris tissue, but not following contact with a 
host iris that still has innervation’’. In these studies dener- 
vation was seen to be the important factor in stimulating fibre 
outgrowth from the in oculo, mature locus coeruleus neurones. 
Similarly, caudate denervation may act to stimulate fibre out- 
growth from the fimbria. 

Our finding that disturbed but non-lesioned nerves in brain 
can be induced to grow is very similar to results obtained by 
Cajal in the young cat after spinal cord damage’. In fact, the 
presence of axonal varicosities, as we observed in our AChE- 
stained fibres, was noted by Cajal to occur in regrowing spinal 
nerve fibres. Speidel reported collateral growth in normal 
peripheral nerves of the tadpole''. These nerve fibres some- 
times formed entirely new pathways, induced by the dener- 
vation of a nearby region. Speidel also noted that this type of 
axonal growth seemed to be characteristic of unmyelinated 
axons. In this respect, Svendgaard et al.* have suggested that 
the unmyelinated fibres of the fimbria have an ability to 
regenerate that may be shared by all unmyelinated axons in the 
central nervous system. They report a regenerative capacity of 
these nerves, although disturbance-induced growth (and not 
axotomy-induced growth) of the cholinergic fimbrial fibres 
could also account for their observations. Instances of neuronal 
remodelling that occur following regeneration, sprouting and 
growth evoked by mechanical perturbation as described here, 
may all rely on similar growth-inducing factors. 

Our findings suggest that the consequence of denervation 
can extend beyond the immediate vicinity of damage and 
apparently stimulate the growth of axonal branches over a 
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Fig.3 a, Photomicrograph of AChE-positive axonal varicosities 

in fimbria branch 32d after cotton swab-NaCl treatment of the 

fimbria. In cresyl-violet stained material these varicosities did not 

exhibit any staining. b, Photomicrograph of AChE-positive 

axonal varicosities 11 d after cotton swab treatment of the fimbria. 
Scale bar, 50 um. 
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distance a few millimetres from the denervated zone. This 
growth can apparently be initiated by several seemingly 
nonspecific mechanical disturbances of these nerves. Axonal 
growth from the fimbria may provide an opportunity to study 
the factors that effect initiation, stimulation and guidance of 
growing nerve fibres in the mature mammalian brain. 

We thank Julene Mueller for secretarial assistance. This 
work was supported by NIH research grant MH 19691. D.G. 
was an NIMH predoctoral fellow (MH 0530801). 
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Positive inotropism of 
vanadate in cat papillary muscle 


MANY samples hf ‘Sigma grade’ ATP from Sigma Chemical Co. 
reportedly contained an impurity which induces anomalous 
kinetics of (Na, K)}ATPase activity’. This impurity has 
recently been identified as vanadate*, and shown to inhibit 
(Na, K+} ATPase from kidney* and red blood cells’. These 
findings have received considerable interest because of a possi- 
ble physiological role of vanadate as an endogenous regulator of 
(Na, K} ATPase activity’. We now report that vanadate is 
capable of producing positive inotropic effects in electrically 
driven papillary muscles isolated from cats. 

Cats (0.5-1.6 kg) were anaesthetised with sodium pentobar- 
bital (30 mg per kg i.p.) and papillary muscles (mean cross- 
sectional area 0.62 + 0.05 mm’, n = 17) were dissected from the 
right ventricles. The preparations were attached to a platinum 
stimulating electrode and mounted individually in glass tissue 
chambers for recording isometric contractions as described 
previously‘. The bathing solution (5 ml) containing (mM) NaCl 
136.9, KCI 5.4, CaCl, 1.8, MgCl, 1.05, NaH,PO, 0.42, 
NaHCO, 11.9, glucose 5.5 was equilibrated with 95% 02+5% 
CO, and maintained at 35°C. The preparations were driven 
electrically at a frequency of 0.2 Hz (duration 5 ms, intensity 
about 10% above threshold). Drugs used were ammonium 
vanadate anhydrous (NH,VQ;), sodium vanadate anhydrous 
(NaVO;; both from Merck, Darmstadt) and (+)propranolol HC] 
(ICI). The compounds were freshly dissolved in bathing medium 
and injected into the tissue chamber in volumes of 300 pl or less. 
NH,VO; and NaVOQ, did not contain any measurable calcium 
and did not change the pH (7.4) of the bathing solution. 

The effects of NH, VO, on force of contraction are illustrated 
by the representative experiment shown in Fig. 1. NH,VO, 
(20-500 uM) was added cumulatively, and the time of exposure 
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Fig.1 Effect of NH, VO; on isometnic force of contraction of a cat 
isolated papillary muscle driven electneally at a frequency of 
0.2 Hz. NH,VOs; was applied cumulatively a: concentrations of 
20-500 uN as indicated. The time of exposure to each concen- 
tration of NH,VO; aas about 15 mm. After exposure to 500 pM 
NH,VOs, the preparation was washed three t mes with drug-free 
bathing solution. Temperature 35°C Extracedular Ca** concen- 
tration 1.8 mM. Preparation diameter 0.7 mm. Experiment 13 06 
784. Similar results were obtained in eech of mine other 


preparations. 


to each concentration was about 15 min. NH,VO, produced a 
chncentration-dependent increase in force of contraction. The 
effect became clearly visible at 50 pM and was maximal at 
500 M. These concentrations correspond to those of Na, VO, 
required to inhibit rubidium uptake in intect red cells by 50 to 
80%". The typical time course of action is also well shown. An 
increase in force of contraction was detecta>dle after about 1 min, 
and a peak effect was attained after 6-3 min. The effect of 
NH,VO, was readily reversible within ess than 15 min on 
washing with drug-free bathing solution. Higher concentrations 
of NH,VO; (1 mM) produced arrhythmias as a sign of toxicity. 

The mechanism of the positive inotropic effect of NH,VO, 
remains to be elucidated. Similar results as with NH,VO; were 
odained with NaVO; and, moreover, the effect of NH, VO; was 
also observed in the presence of 1 pM of the B-adrenoceptor 
blocking agent propranolol (data not shown). This indicates that 
the positive inotropic action of NH,VOy was neither due to an 
effect of the NHj ion nor to a stimulation of 6-adrenoceptors. 
Experiments are in progress to determine whether the positive 
inotropic effect of vanadate is accompanéd by an inhibition of 
myocardial (Na, K}-ATPase, and, if so, whether both effects 
occur at similar concentrations of vanadate. 

This work was supported by grant Schc 15/8 from the Deut- 
sche Forschungsgemeinschaft. 


INGELORE HACKBARTH 
WILHELM SCHMITZ 
HASSO SCHOLZ 


Abteilung HI (Biochemische Pharmakolcgie), 
Institut für Pharmakologie und Toxikologie, 
Medizinische Hochschule Hannover, 


3000 Hannover 61, FRG 
ERLAND ERDMANN 
WOLFGANG KRAWIETZ 
GUNTHER PHILIPP 

Medizinische Klinik I, 

Klinikum GroBhadern, 

Universitat München, 


8000 München 70, FRG 


Roecorved 4 July, accopted 24 July, 1978 


Charney, A N, Suva, P & Hostem, F H J appi Phycol 39, 156-158 (1975) 
Boangé, L A & Giyom, I M Meters 266, 355—356 (1977) 
Boang’, L A & Glynn, I M Nemes 772, 551-552 (1378) 
Cantley, Jr, L C aai? ioi Cham 282, 7421-7423 1977 
Cantey, Jr, L C , Resh, M D., & Gudott, G Namme X72, 552-554 (1978). 
H & Scoir, H Namm -Schawedebergs Arbe Pharmac 193, 


Din A te 


Memartr, T, 
129-137 (1976) 


© Macin Journal Lid 1978 





Study of the charge-state model for 
electrophoretic variation using 
isoelectric focusing of esterase-S 
from Drosophila pseudoobscura 


VARIOUS neutral models have been proposed to account for 
the observed levels of enzyme polymorphism in natural popu- 
lations". One such model, the charge-state or ladder-rung 
model’, has been suggested to be appropriate for the available 
electrophoretic data. The model assumes that the only amino 
acid substitutions detectable by electrophoresis would involve 
unit charge changese—substitution of a charged for an uncharged 
residue—and because of charge redundancy alleles would fall 
into phenotypic classes of equal net charge**. Thus an elec- 
trophoretic variant would be a heterogeneous molecular entity, 
rather than the product of a unique allele. It was proposed that 
these charge classes would be evenly spaced in electrophoretic 
mobility, because unit charge changes would be reflected as unit 
jumps in mobility, but Johnson* has questioned this on the 
grounds that no two charged group substitutions should result in 
identical net charge changes. He argued that there would be no 
charge redundancy and that there would be a continuum of 
charged variants. It was also recognised that while many subeti- 
tutions involving uncharged residues would probably go 
undetected, some could cause conformational changes which 
would be resolved by electrophoresis. This concern has been 
borne out by the electrophoretic data: although many enzymes 
fit the expectations for neutral alleles contingent on the charge- 
state model’*, others, including some esterases, do not. The 
mobilities of variants of these esterases are not evenly spaced, 


Fig. 1 Relative positions of Est-5 variants after isoelectric 


electrophoretic conditions, 5% acrylamide gel pH 8.9 (ref. 9). Variants resolved by additional 
gels pH 8.9, b, slower on 8% gels pH 8.9; c, slower on 5% gels pH 7.1; d, faster on 8% gels pH 7.1; e, faster on 5% 
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and rare variants are often observed at intermediate as well as 
extreme electrophoretic mobilities. These characteristics have 
been attributed to the presence of conformation, as well as 
charge, variability. We have investigated the relative 
importance of charge and conformational change in producing 
electrophoretic variation by examining variants at the Est-5 
locus of Drosophila pseudoobscura by isoelectric focusing; this 
allows charge balance to be examined in the absence of con- 
formational variation. The results indicate that while the ob- 
served charge changes fit a charge-state model, conformational 
differences exist which may account for a substantial amount of 
the additional variation revealed at this locus by conventional 
electrophoresis. 

The use of variants of Est-5 enabled us to examine charge 
balance in the absence of conformational difference by means of 
isoelectric focusing. The Est-5 locus was first presented in 
Lewontin and Hubby’s 1966 survey and characterised the 
extreme of allelic diversity for the set of loci that they 
examined’. Their list of six alleles was expanded to 12 in a later 
study of patterns of geographic variation’’. Est-5 has since been 
examined by additional electrophoretic methods which have 
more than doubled the former number of recognisable variant 
types’. 

We examined 22 electrophoretically distinguishable Est-5 
variants. Of these, 13 variants can be resolved using the original 
conditions of Lewontin and Hubby” (hereafter termed standard 
conditions), while the other nine variants have been dis- 
tinguished by other electrophoretic procedures'*’, All the lines 
examined are either isogencic” or electrophoretically homazy- 
gous'' for the Est-5 locus. 

The relative positions of the 22 Est-5 variants are shown in 
Fig. 1. These variants can be separated into only 10 groups on 
isoelectric focusing. Several variants which can be resolved by 
standard conditions of electrophoresis are indistinguishable 
from each other by isoelectric focusing, for example, 1.06 and 
1.09 (Fig. 2). Of the nine variants which have been resolved by 


The nomenclature used is the mobihty of variants in standard 
are shown as follows: a, faster on 8% 
pH 10.7; f, slower on 5% 


gels pH 10.7 (all conditions, a-f, as ref. 13); g. faster on 14% starch pH 6.8 (ref. 11); M, enzyme is monomeric’; / , heterodimer enzyme 
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Table 1 Allocation of Est-5 variants to charge classes 


Charge class Frequency” Est-5 variant 
+2 0.012 0.85 
+1 0.094 0.89, 0.89", 0.94, 1.00° 
0 0.457 0.97M, 1.00, 1.00", 1.00%, 1.00°, 

1.00', 1.02, 1.03 

-1 0.220 1.06, 1.06*, 1.06*, 1.06", 1.09 

-2 0.027 1.16 

Others 0.98, 1.04, 1.12 


*Frequency values given are pooled frequencies of the individual 
variants as given by Prakash `^., 


non-standard electrophoretic conditions'''*, only two, 1.00° 


and 1.00°, were resolved from the other variants in their stan- 
dard classes by isoelectric focusing. One of these, 1.00°, which is 
separable from other 1.00 variants by its slower mobility on 
14% starch gel at pH 6.8 (ref. 11), occupied the same position as 
the 0.94 variant on isoelectric focusing. 

Esterase-5 is a dimeric enzyme and the positions of some 
heterodimers are depicted in Fig. 1. Heterodimers are formed 
readily during electrophoresis of mixtures of homodimers. The 
0.97 M variant behaves as a monomer in all conditions, and does 
not form stable heterodimers with the subunits of other variants. 

The position of most variants after isoelectric focusing can be 
interpreted in terms of the charge-state model (Table 1). There 
are five main charge classes characterised by an essentially equal 
spacing. Three variants (0.98, 1.04, 1.12) exhibit very anom- 
alous behaviour On isoelectric focusing and also do not fit the 
proposed charge classes; they are discussed below. The positions 
of the 1.16/1.00 and the 1.06/0.94 heterodimers show that 
these four variants are separated by equal charge changes. We 
propose that this is the result of substitutions which are approx- 
imately one unit charge jump apart. Small variations in charge 
are observed between the variants within single charge classes, 
but these variations in charge are small compared to the postu- 
lated unit charge jump. The apparent charge identity after 
isoelectric focusing of variants, which can be distinguished by 
standard conditions of electrophoresis (such as 1.06 and 1.09), 
suggests that differences due to apparent conformational 
changes are being detected by standard electrophoresis. Shifts in 
relative mobility could also represent small changes in net 
charge between variants being differentially expressed at the 
different pH conditions of electrophoresis. 

The pooled frequencies of the variants within each major 
charge class fit a charge class configuration expected for neutral 
alleles with the central classes being most frequent (Table 1). 

As pointed out above, the 1.00° variant is not resolved from 
the 0.94 variant using isoelectric focusing. It is postulated that a 
substitution, resulting in an extra histidine residue, separates 
this variant from the other 1.00 variants. At the isoelectric point 
for Est-5 (approximately pH 5.0), the 1.00° variant would then 
jump charge classes; the size of this jump is consistent with our 
postulated unit charge change. 

Considering their relative positions on isoelectric focusing, 
three variants (0.98, 1.04 and 1.12) display much faster mobili- 
ties in standard electrophoretic conditions than would be 
expected from their charges. These three variants lie approxi- 
mately halfway between the postulated charge classes. They are 
evenly spaced and show the same charge jump increment as the 
major charge classes. These results suggest that they differ from 
each other by single charge changes, and may possess common 
features which separate them, as a group, from the variants 
which form the major charge classes. 

Johnson"* has examined the charge-state model for Est-5 
indirectly by the use of gel-sieving. He claims that the combina- 
tion of the free electrophoretic mobilities and retardation effects 
coincidentally result in apparent unit increments in mobility at 
pH 8.9. He concluded that the seven variants which he examined 
fit a charge class configuration; however, he did not study a 
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Fig. 2 Top: electrophoresis of (0.89, 0.94, 1.00", 1.00, 1.02, 1.06 
and 1.09) Est-5 variants in 5% acrylamide gel pH 8.9 (ref. 9). 
Bottom: isoelectric focusing of (0.89, 0.94, 1.00°, 1.00, 1.02, 1.06 
and 1.09) Est-5 variants. Isoelectric focusing was based on the 
method of Vesterberg'’, using 5% gels, 18 x 18 cm, polymerised 
by ammonium persulphate. Gels contained 1.6% w/v pH 4-6 and 
0.4% w/v pH 3-10 ampholytes. Electrodes of Pt wire between 
Whatman 3MM paper were 16cm apart; anodic and cathodic 
solutions were 0.2% v/v sulphuric acid and 0.4% v/v 
ethanolamine respectively. Samples, 10-15 wl, were loaded on 
5x5 mm Whatman 3MM paper placed 2 cm from the cathode. 
Electrophoresis was at 4°C for 4h.; the voltage was gradually 
raised to 500 V over 1h and maintained at this value. pH 
measurements were made at 20°C on ampholytes eluted from 
transverse sections of gel. Staining for esterase activity was by the 
standard method’ *, 


number of fairly common variants of intermediate mobility. 
Johnson claimed to find extensive genetic heterogeneity within 
allelic classes. He also found allelic heterogeneity in certain 
Strains (some believed isogeneic), yet no heterozygotes were 
found in these strains, which seems unlikely. More recently, 
Cobbs and Prakash’* examined the fit of Est-5 to a charge state 
configuration using gel-sieving, and by chemically modifying the 
charge on several reference proteins. Using the average change 
in mobility of each reference protein per unit change in charge, 
they estimated an overall average mobility change per unit 
charge of 0.046+0.029. Chemical modification of charge on 
Est-5 was not carried out. They assumed that the overall 
average was applicable to Est-5. As the magnitude of each 
charge change will vary with protein size and the proportion and 
balance of its charged residues, we consider it fortuitous that 
their estimate derived from diverse proteins was so close to our 
postulated unit charge change. The results of the studies by 
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Johnson™, and Cobbs and Prakash’’, both using indirect 
methods of charge estimation, are incompatible with each other, 
and with the results of this study. 

Our study of the differences in charge balance between Est-5 
variants shows clearly that Est-5 can be fitted to the charge-state 
model. Despite the large numbers of Est-5 variants segregating 
in natural populations, the total variability collapses into two 
offset charge class configurations, of five and three classes. There 
does not seem to be a continuum of charge change as claimed by 
Johnson’, but rather a clustering of charge variants around unit 
charge increments. Electrophoretic variation within charge 
classes and between the two major charge configurations may be 
the result of conformational differences exposed on electro- 
phoresis. Our study indicates that conventional electrophoresis, 
in different conditions, will reveal considerably more genic 
variability than the simple charge heterogeneity shown by iso- 
electric focusing. Nevertheless, allelic variation at a complex 
locus such as Est-5, can be more clearly understood by the 
application of isoelectric focusing. Experiments are in progress 
to determine the structural basis for the differences between 
various Est-5 variants. 

We thank A. A. Felton and J. A. Coyne for the fly stocks, and 
R. D. J. Barker, A. A. Felton and R. C. Lewontin for dis- 
cussions. This study was supported by a grant to R. C. Lewontin 
from the NIH Institute of General Medical Science (GM- 
21179). 
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Bile salt sensitivity 
of Escherichia coli x 1776 


Escherichia coli x1776', a ‘biologically contained’ (EK2) host 
specifically constructed for genetic manipulation (ref. 1 and R. 


Curtiss, HI, personal communication) contains many mutations 
which decrease its survival characteristics compared with wild- ~ 


type E. coli and which also prevent its colonisation of the 
intestinal tract of mammals. The bile salt sensitivity of y1776 1s 
one of the parameters which preclude its survival in the 
intestine. This sensitivity is related to modifications of the cell 
envelope structure but, more specifically, to mutations at the 
oms-1 or rfb-2 loci. Curtiss (personal communication) has 
reported that the reversion frequency of 71776 to bile salt 
resistance is approx. 107 to 10°. However, the cell surface 
structures of bacteria are subject to phenotypic variation and 
under control of a number of genes. In this paper we describe 
experiments which indicate that the bile salt sensitivity of y1776 
is phenotypically variable. 

Batch cultures of y1776 in L broth were monitored for bile 
galt resistance at 16 and 40 h after the initiation of growth. The 
number of bile salt-resistant organisms detected was constant, 
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Table 1 Bile salt resistance of x1776 in batch cultures 


Inoculum size Time after Proportion of 
per 100 ml inoculation resistant Culture 
culture (h) organisms pH 
5x 10’ organisms 16 1 in 10*-10° 6.5 
5x 10’ organisms 40 1 in 10-107 8.0 
10° organisms 16 1 in 10-107 8.0 


x1776 was grown m L broth (1% Bacto-Tryptone, 0.5% yeast 
extract, 0.5% NaCl, 0.1% glucose, supplemented with 0.01% 
diammopimelic acid, 0.004% L-threonine, 0.001% L-methionine, 
0.0001% biotin and 0.004% thymidine). The initial pH of the culture 
medium wes adjusted to 7.0 by addition of 1 M NaOH. The bile salt 
sensitivity of different cultures of y1776 was monitored by plating out 
duplicate samples (0.2 ml) on L-agar and MacConkey agar supplemen- 
ted with the specific growth requirements of the strain as given above. 
Essentially identical results were obtained with supplemented Mac- 
Conkey agar plates containing 0.15% (Difco and Oxoid no. 3 formula- 
tions) and 0.5% (Oxoid no. 5 formulation) bile salts. 


within experimental error, over a number of experiments but 
was dependent on the time of incubation at 37°C, the initial 
inoculum size and the final pH of the culture supernatant (Table 
1). 

The variation in the culture pH indicated that the organism 
initially utilised the glucose present (0.1%) to produce acid. 
Depletion of glucose resulted in the utilisation of amino acids as 
carbon sources and in an increase in culture pH due to the 
secretion of ammonia. Differences in the numbers of bile salt- 
resistant organisms found here in primary cultures (low inocu- 
lum sizes and short incubation times) and those found by Curtiss 
(1 in 107-10") may be due to differences in the batches of 
medium used. Nevertheless, these results indicate that the bile 
salt sensitivity of 71776 is dependent on culture conditions and 
that the surface properties of this organism might be subject to 
phenotypic change. The effect of growth rate on the bile salt 
sensitivity of xy 1776 was therefore investigated in an attempt to 
gain further information. This was of additional interest as the 
mean generation time of E. coli in the mammalian intestine is 
considerably longer (12-24 h) than that observed using con- 
ventional laboratory techniques (0.5-1.5 hy ^. 

A chemostat culture was set up so that y 1776 could be grown 
at a very low rate (Table 2). When steady-state conditions were 
reached (5 d) the culture was shown to be glucose limited (that is 
no glucose was present in the culture supernatant and addition 
of glucose to the chemostat produced a corresponding increase 
in cell density); the culture pH was uncontrolled and was 8.2. 
One in two of the organisms present were bile salt-resistant in 
these conditions. The dilution rate was then increased and at 
each steady state the number of bile salt-resistant organisms and 
the pH of the culture was measured. The proportion of bile 
salt-resistant organisms present in these different conditions 
remained approximately constant even though the culture pH, 
as expected, fell as the dilution rate increased (Table 2). This 
indicated that a bile salt-resistant variant had been selected. 

In an additional experiment a chemostat culture of y 1776 was 
grown to steady-state conditions at a dilution rate of 0.025 h`}, 
the culture pH being maintained at 6.0 by addition of 2 M HCI. 
The bile salt resistance of this culture remained at its starting 
level of 1 in 10*. The culture pH was then adjusted to 8.0 by 
addition of 2 M NaOH and the bile salt resistance monitored as a 
function of time In less than one mean generation time, one in 
four of the organisms present had become bile salt resistant. This 
rate of change in the population in the chemostat indicates that 
the bile salt sensitivity of y 1776 is subject to phenotypic varia- 
tion. After 10d (during which the proportion of resistant 
organisms remained at one in four) the culture was returned to 
pH 6.0 by addition of 2M HCl and a new steady state was 
established. Approximately one in ten organisms in the culture 
remained bile salt resistant, indicating that selection of a resis- 
tant variant had again occurred and that this variant was rela- 
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tively stable. The growth of a single colony isolate of the bile 
salt-resistant variant in batch culture confirmed this stability. 
The variant grew well at pH 8.0, 7.1 and 6.3 in the presence of at 
least 0.25% bile salts and in the presence of nalidixic acid 
50 wg ml`'. Furthermore, growth at pH 8.0 in the absence of 
bile salts produced a culture in which less than one in 10° 
organisms were bile salt sensitive. This increased to approxi- 
mately one in 210° when the variant was grown at pH 6.3. 

Throughout these experiments, lasting a number of mean 
generation times, no variation in the absolute requirements for 
diaminopimelic acid and thymidine were observed. Indeed, the 
cultures remained phenotypically x 1776 except for the varia- 
tions detected in bile salt sensitivity. There had therefore been 
no contamination with other E. coli strains. 





Table 2 Bile salt resistance of x 1776 in chemostat cultures 





Proportion 
Dilution rate Mean generation pH of of resistant 
time (h) culture organisms 
Initial batch 
culture l (in log growth) 7.0-6.5 lin 10° 
0.025 26 8.5 lin 2 
0.05 13 8.2 lin § 
0.1 7 KT l in5 
0.3 2 ie lin 10 
0.6 1.1 6.4 l in 10 


Wash-out point 





A Porton-type chemostat (500 ml L broth containing 0.1% glucose 
and growth supplements) was inoculated with y 1776 and this was grown 
at 37°C in batch culture conditions; after 16h the chemostat was 
switched to the continuous culture mode with the dilution rate set at 
0.025 h`? (mean generation time 26 h). The pH was monitored but not 
controlled. The dilution rate was then increased and the number of bile 
salt-resistant organisms was determined at each new steady state. The 
culture density remained at approximately 5 x 10°-10'° organisms ml” 
until wash-out. 


These experiments do not necessarily preclude the use of 
x 1776 as a host in genetic manipulation. They do, however, 
show that, if care is not taken, selection for variants of this 
organism may occur. These variants, with slightly better growth 
characteristics, can quickly outgrow ‘authentic’ y 1776 produced 
by serial passage in batch cultures. In addition, bile salt-resistant 
variants of y 1776 have slightly better survival characteristics in 
animal tests and are better recipients for some conjugative 
plasmids (R. Curtiss, III, personal communication). These 
results indicate that any form of biological containment that is 
dependent on the surface properties of E. coli may be suspect. 

Finally, and more importantly, these experiments demon- 
strate the need to monitor the safety features of any ‘biologically 
contained’ organism before, and during any genetic manipula- 
tion experiment. 

This work was financed, in part, by a research grant from the 
Health and Safety Executive. 
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Expression of A red genes restores 
recB -dependent 
protein X induction in E. coli 


DNA DAMAGE and/or inhibition of DNA synthesis elicit a 
number of responses in Escherichia coli known as SOS 
functions’, including the production of large quantities of a 
protein provisionally called protein X (ref. 2). Induction of 
protein X, like the other SOS functions, requires functional 
rec A and lex A genes**. Gudas and Pardee* proposed a model to 
suggest roles for recA and lex A in the regulation of protein X 
production. Several research groups have identified protein X as 
the recA gene product? which prompted them to formulate 
updated models, to account for the apparent autoregulation of 
the recA gene®*. These models propose that the lexA gene 
codes for a repressor which inhibits the transcription of the recA 
gene. Following treatment, such as exposure to ultraviolet 
irradiation or nalidixic acid, a small inducer molecule is pro- 
duced that causes the rec A gene product, present in low levels in 
untreated cells, to inactivate the lexA repressor. This allows 
transcription of the recA gene that results in the production of 
large amounts of the recA gene product, protein X. Gudas and 
Pardee* suggested that the inducer molecule may be a DNA 
degradation product resulting from the action of the rec BC gene 
products, exonuclease V. In support of this idea they showed 
that protein X is not induced by nalidixic acid in recB mutants 
deficient in exonuclease V. On the other hand, Little and 
Hanawalt’ showed that intracellular degradation of unmodified 
phage DNA by restriction is not sufficient to induce protein X, 
and they have challenged the role of DNA degradation in the 
induction process. In this report we show that phage A genes 
controlling A exonuclease can restore the missing function for 
the induction of protein X in recB mutants. This is further 
evidence that DNA degradation is required to derepress the 
recA gene. 

As the exonuclease V protein has an ATPase activity in 
addition to both endo- and exonuclease activities”, the missing 
function for the induction of protein X m nalidixic acid-treated 
recB” mutants could be some function other than that of 
degrading DNA. We have therefore tried to determine whether 
A exonuclease, an exclusively exonucleolytic enzyme'', could 
circumvent the rec B mutation in the incuction of protein X. To 
do this we have determined whether protein X was induced in 
recB” lysogens that were transiently induced to produce A 
exonuclease before treatment with nalidixic acid. In similar 
experiments others have shown that transient prophage 
induction enhanced recB-dependent cell survival after 
ultraviolet’? or X-ray irradiation’? | 

Figure 1 shows the effect of transient heat induction of A c8 57 
prophage on protein X induction in nal:dixic acid-treated recB™ 
lysogens, Lanes 8-12 show that the amount of protein X 
increased with increasing times of incubation of 42°C. In contro! 
experiments shown in lanes 3 and 4, neither a 5-min incubation 
at 42°C nor nalidixic acid treatment alone was sufficient to 
induce protein X. To investigate the role of A exonuclease in this 
induction, the above experiments were repeated using recB™ 
lysogens carrying prophage with mutations in genes controlling 
A exonuclease activity. The combined treatment of heat 
induction and exposure to nalidixic acid was not sufficient to 
induce protein X when the prophage carried the mutations 
red X314, (lane 6) or redB113 (lane 7). Red X314 and redB113 
are point mutations in the genes which code for A exonuclease 
and B protein, respectively'*’*. A exonuclease acts primarily at 
5’-phosphory! termini on double-stranded DNA molecules, and 
the only acid-soluble products are deoxyribonucleoside 5- 
monophosphates'’. The redX314 mutation decreases the 
activity of A exonuclease to less than 2% of normal activity’. 
Although the redB113 mutation does not affect the A 
exonuclease enzyme, it does alter the antigenic properties of the 
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Fig. 1 Strain AB2470 recB21 (ref. 21) was lysogenised with AcI857, AcI857 redX314 or AcI857 redB113. The AcI857 mutant produces a 
temperature-sensitive repressor. The red X314 and redB1 13 mutations are described in the text. Lysogens were grown at 30 °C to an Asọ = 0.2 
in glucose-M9 media containing required amino acids and thiamine; 1-ml samples were incubated at 42 °C for various times before addition of 
nalidixic acid, 50 pg ml ' (Sigma). At 30 min after addition of the drug, !4C-leucine (Schwarz-Mann) was added (to 5 pCi ml ') and incubation 
was continued for 60 min at 30°C. The cells were collected by centrifugation and prepared for SDS—polyacrylamide gel electrophoresis as 
described by Little and Hanawalt”. This figure is a composite picture of autoradiographs of two slab gels. Equal amounts of radioactivity were 
added to each slot in each gel. All lanes except 6 and 7 show proteins synthesised in AB2470 carrying AcI857 prophage, unless otherwise noted, 
that were treated as described below, Untreated (lane 1); irradiated with 30 J m? UV (lane 2); incubated at 42 °C for 5 min (lane 3): exposed to 
nalidixic acid, 50 pg ml ' (lane 4); incubated at 42°C for 5 min followed by exposure to nalidixic acid (lane 5); AB2470 (AcI857 redX314) 
treated as in lane 5 (lane 6); AB2470 (Ac1857 redB113) treated as in lane 5 (lane 7); incubated at 42 °C for 1 min (lane 8), 2 min (lane 9), 3 min 
(lane 10), 4 min (lane 11) and 5 min (lane 12) followed by exposure to nalidixic acid. 


B protein'®. The only known activity of the B protein is to 
enhance the affinity of A exonuclease for DNA in vitro™®. This 
evidence indicates that the activity of A exonuclease is respon- 
sible for the induction of protein X in nalidixic acid-treated 
recB lysogens. We interpret this to mean that DNA degra- 
dation is necessary for nalidixic acid-mediated induction of 
protein X. 

As SOS functions, such as cell filamentation, error-prone 
DNA repair, and A prophage induction, are dependent on the 
recA* lex A* genotype, the derepression of the recA gene seems 
to be necessary for their expression. For this reason, SOS 
functions are elicited by treatments that result in DNA 
degradation. How does the recA protein activate SOS 
functions? Roberts and Roberts'’ have shown that A prophage 
induction is due to a rec A-dependent proteolytic cleavage of the 
A repressor. They have recently found that the recA gene 
product, protein X, cleaves the A repressor in vitro (J. W. 
Roberts, personal communication). Witkin’ proposed that all 
of the SOS functions are derepressed by a common mechanism, 
is by proteolytic cleavage of the repressor(s) controlling the SOS 
operon(s). DNA degradation, an initial consequence of DNA 
damage or of a stalled replication fork, may provide a primary 
danger signal which is amplified through the action of the recA 
protein resulting in the expression of a set of functions designed 
to enhance cell survival. 

Although the above evidence clearly indicates that recB- 
dependent DNA degradation is required for nalixidic acid 
induction of protein X, this dependence may not apply to 
induction by other agents. For example, lane 2 of Fig. 1, 
indicates that ultraviolet induction of protein X is independent 
of the recB mutation, confirming the results of Little and 
Hanawalt’. Perhaps excision of ultraviolet photoproducts or 
post-replication repair results in sufficient DNA degradation, 
not requiring the rec BC exonuclease, to trigger the derepression 
of the recA gene. In support of this suggestion, Braun’” has 
shown that ultraviolet induction of A prophage does not occur if 
both excision and replication are eliminated genetically. Thus, 
we propose that more than one pathway of DNA degradation 
may lead to the induction of SOS functions. 


What is the identity of the inducer? An attractive idea is that a 
modified DNA degradation product serves as a specific signal to 
communicate to the cell that its genetic material is in jeopardy, 
and that the SOS functions are needed. This would explain the 
results of Little and Hanawalt” that degradation of unmodified 
phage DNA is not sufficient to cause induction. As modification 
is a post-replication process™”, a modified DNA degradation 
product could unequivocally be distinguished from DNA pre- 
cursors normally present in the cell. Moreover, such a role for 
modification in the induction of SOS functions would emphasise 
the importance of pathways for the preservation of genetic 
material and would provide considerable insight into the cellular 
function of DNA modification. 

This work was supported by grants from the American Cancer 
Society (ACS 77-073) and from the NIH (GM-19167), 
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Haem exposure as the determinate 
of oxidation—reduction 
potential of haem proteins 


KASSNER’ has proposed that the apolarity of the haem 
environment primarily determines the oxidation—reduction 
potential, Eo pH 7.0, of a haem protein. Since high resolution 
crystallographic models are now available for six haem proteins 
with Eb values of between 20 and 320 mV, I have tested the 
Kassner proposal by comparing the kinds of atoms contacting 
the haem in each of these proteins. The results demonstrate that 
the apolarity of the total haem environment for these proteins is 
virtually identical but that the Eo value is inversely dependent 
on the exposure of the haem to an aqueous solvent. 

Surface area calculations were made using a DEC PDP 11/45 
computer and protein coordinates supplied by the Brookhaven 
Protein Data Bank. An unpublished computer program 
developed by Arnone and Briley (similar to that of Shrake and 
Rupley*) to both generate, and display protein surfaces acces- 
sible to water solvent molecules was used. Each atom in a 
protein is represented by a sphere centred about its atomic 
coordinates with radius the sum of its Van der Waals radius and 
1.4 A, the radius of a water molecule. A three-dimensional grid 
of equally spaced points is constructed large enough to envelop 
the entire hydrated protein molecule. Grid points which lie 
within the space defined by spheres centred at each atom are 
termed interior points. The six nearest neighbours of each 
interior point are then examined. Those interior points which 
are not bounded on all sides by other interior points are 
identified as surface points. Calibration experiments have shown 
that the accessible surface of a sphere representing a typical 
hydrated protein atom is sampled by about 300 points using a 
0.5 A grid and results in a random calculation error of less than 
5%. All surface points which lie on the surface of only one atom 
are assigned to that atom, while surface points shared by more 
than one atom are uniquely assigned to the atom having the 
nearest centre. The total number of surface points associated 
with each atom is converted to A’ of surface area using the factor 
3.41 surface points À~? obtained from a calibration curve. 
Carbon and sulphur atoms are considered as apolar atoms while 
all other haem protein atoms are considered as polar atoms. 

All surface area calculations reported here were made using a 
0.5 A gnd. The surface area of each haem and each apoprotein 
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was obtained by elimination of all coordinates associated with 
the apoprotein and the haem atoms, respectively, prior to 
calculation. The surface area of caca haem crevice was cal- 
culated by insertion of the haem surface into the protein surface, 
removal of all points common to this composite surface and to 
the haem protein and assignment of the points remaining to 
individual atoms as above. 

The total accessible surface area of tne crystallographic model 
for each of the six haem proteins considered is listed in Table 1, 
entry 1. These surface areas are related to molecular weight by 
the expression, surface area = 11.0 M~?. in excellent agreement 
with the equation developed by Telle? using the surface areas 
calculated for proteins by the procedure of Lee and Richards.‘ 
Approximately half (53+3%) of the accessible surface area of 
these haem proteins is contributed by apolar atoms, entry 2, a 
percentage within the range calculated for five proteins by Lee 
and Richards? and by Shrake and Rupley*. These favourable 
comparisons indicate that our procedures for calculations of 
surface area and assignment of area to individual atoms are 
consistent with results obtained by others. 

Removal of the coordinates for the apoprotein atoms from 
each of the haem proteins and subsequent surface area cal- 
culation, entry 4, indicates that a haem constructed from pro- 
toporphyrin [X has an accessible surface area of 805+ 15 A*. As 
shown in Table 1, entry 3, between 77 and 96% of haem surface 
is buried in the haem proteins considered. Inspection of the 
haem atoms which are accessible in th= haem proteins indicates 
(1) that neither the iron atom nor any of the pyrrole or methine 
bridge atoms are accessible, (2) that tre atoms comprising some 
of the methyl, vinyl and propionate side chains are accessible, 
and, (3) that the haem is orientated in these haem proteins in one 
of two distinctive modes exposing diferent side chains as illus- 
trated in Fig. 1. Haems which are not >ovalently attached to the 
polypeptide chains as in haemoglotin, myoglobin and cyto- 
chrome 6, are orientated such that the side chain pyrrole rings 3 
and 4 are accessible to the solvent, presumably to place the 
propionate carboxylates in a more polar environment. By 
contrast, haems which are covalently attached to polypeptides 
by addition of cysteinyl sulphydryl groups across vinyl side 
chains, as in the cytochromes c, appear to be rotated by about 
90° exposing the vinyl group of pyrrol= 2 and the methyl groups 
of pyrroles 2 and 3. This orientation which buries the two 
propionates, would be expected to require complementary 
pairing of the buried carboxylate oxyzen atoms by polar atoms 
in the haem crevice. 


Table 1 Accessible surface area calculations of haem proteins 


Entry Parameter Cyto c Cyto c 
Haem protein 
1 Total accessible surface 5,473 5,307 
2 Accessible apolar surface 3,019 2,860 
3 Accessible haem surface 49 32 
Haem 
4 Total accessible surface 796 819 
Haem crevice of aproprotein 
5 Total accessible surface 740 782 
6 Accessible apolar surface 504 550 
7 Accessible aromatic apolar surface 200 140 
Tabulations 
8 % Haem exposed in haem protein 6 4 
9 % Haem crevice apolar 68 70 
10 % Haem crevice aromatic 40 25 
11 % Haem environment apolar 63 67 
Reduction potential 
12 Ebh pH 7 (mV) 320° 2607 


Cyto C449 Hb, HD, Myo Cyto bs 
6,613 6,770 7,152 7,120 4,858 
3,414 3,849 3,760 4,000 2,352 

38 116 163 144 176 
832 800 805 799 783 
784 677 632 645 593 
623 534 516 509 474 
158 150 146 137 118 

5 14 20 18 23 

79 79 82 79 80 

25 28 28 ` 27 25 

75 66 64 64 61 
250° 113° 53° Ape 20% 





The protein column headings reading from left to right refer to cytochrome c2 from Rhodosptrullum rubrum, ferricytochrome c from tuna heart, 
cytochrome cssq from Paracoccus dentrificans, the a, subunit of human deoxyhaemoglobin, the 82 subunit of that protein, sperm whale 
metmyogtobin, and cytochrome 4, from bovine liver. Surface areas are expressed in A’. ; 
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Fig. 1 Haem orientations in haem proteins. The haem present in 
haemoglobin, myoglobin and cytochrome b, is represented on the 
left and the haem in cytochrome c on the right. The pyrrole rings 
represented by circles numbered 1~4 and the pyrrole side chains 
represented by M, V and P for methyl, vinyl and propionate 
groups, respectively. Each haem is orientated such that its exposed ` 
` side chains are at the bottom. The mean percentile exposure and 
standard deviation for the exposure of haem atoms in the haem 
proteins relative to théir exposure in haem itself are listed below 
the atoms concerned. A, B, C and O refer to the exposure of the 
_ carbon atoms, A-C, and the oxygen atoms, O, of methyl, vinyl and 
propionate groups reading outwards from the pyrroles considered. 


As shown in Table 1, at least 98% of. the total accessible 
surface area for.cach haem, entry 4, can be accounted for by the 
sum of its accessible surface area in the haem protein, entry 3, 
and the accessible surface area of its crevice, entry 5. More than 
half,.61+15%, of the crevice polar surface is contributed by 
tide backbone oxygen and nitrogen atoms. By contrast, 
only 8+3% of the crevice apolar surface is contributed -by 
polypeptide backbone carbon atoms. No good correlation exists 
between the Ep valué and the percentage contribution of the 
atoms of any amino acid or groups of amino acids, for example 
aromatic apolar atoms, entry 10, to either the polar or apolar 
crevice surface. The apolar side chain atoms of Phe, He, Leu and 
Val residues contribute at least 50% of the crevice apolar 
surface while those of Asp, Glu, Asn, Gln and Arg contribute 
less than 8% in keeping with the occurrence of these residues in 
protein interiors. a ; 


Fig. 2 Dependence of reduction potential, Eo, on the per cent 

exposure of the haem (O), on the per cent apolarity of the haem 

‘ crevice (9) and on the per cent apolarity of the haem environment 

7 (@). All values were obtained from Table 1. Each line represents a 
least squares analysis of the values shown. 


Eo (mV) 
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The dependence of the reduction potential on the haem 
exposure, on the apolarity of the haem crevice and on the 
apolarity of the haem environment (Table 1, entries 8, 9, and 11) 
are compared in Fig. 2. The burial of the haem is accompanied 
by a nearly parallel decrease in the apolarity of the haem crevice. 
This parallelsim seems reasonable since burial of one or both 
haem propionates and/or provision of the second extrinsic haem 
ligand by the protein would require complementary polar atoms 
in the haem crevice as noted above. The net effect of these 
parallel changes is to maintain the apolarity of the haem 
environment constant while the réduction potential varies by 
300 mV as shown in Fig. 2. This observation is clearly contrary 
to the Kassner proposal. 

As shown in Fig. 2, the reduction potential is inversely related 
to the fraction of haem surface exposed according to the expres- 
sion Eo =—15 (% exposure)+345 mV. This empirical rela- 
tionship may reflect the accessibility of the haem to environ- 
mental O, or the proximity of the extrinsic ligands to the haem 
iron. As more of the protein envelops the haem, the ferrohaem 
would be more protected from oxidants and/or the haem tron— 
extrinsic ligand bond distance would be diminished. Both of 
these changes should increase the reduction potential of a haem 
protein’?. 

The equation relating Eo and haem exposure merits addi- 
tional comment. This equation predicts that a totally exposed 
haem would have an Eo value of —1,155 mV and that a totally 
buriéd haem a value of +345 mV. This range encompasses the 
E; values reported’*-"* for the majority of haem proteins except 
for cytochrome oxidase, cytochrome f and a few cytochromes 
C553 ANd Css2, whose values extend to +400 mV. The equation is 
inappropriate for cytochrome oxidase since its haem moiety, 
haem A (ref. 15), has a larger surface area due to the presence of 
a farnesyl side chain. A very modest increase in the slope of ‘the 
line shown in Fig. 2 would raise the maximum F value to 
+400 mV and thus accommodate the remaining measured 
values. Unfortunately, the Ao value for a monomeric haem in 
agucous solution cannot be measured experimentally since 
haems avidly polymerise by base stacking and/or micelle 
formation. The Es value for the monomeric haem octapeptide 
of cytochrome c has been reported’® to be —217 mV. The 
equation predicts that about 37% of the surface of this haem 
would be buried by the peptide atoms. While the structure of the 
haem octapeptide is unknown, a CPK model indicates that the 


` predicted burial is feasible. Thus, the exposure of the haem 


moiety, rather than the apolarity of the haem environment or 
the ligands in the fifth and sixth haem coordination position 
seems to be the principal determinant for the magnitude of the 
Ej value. 

This investigation was supported by a USPHS grant GM- 
13215 from the Institute of General Medical Sciences. I thank 
Arthur Arnone, Patrick Briley and Charles Swenson for useful 
discussions. 
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Prehistoric standing stone sites 


Sun, Moon and Standing Stones. By 
J E Wood Pp 217. (Oxford Univer- 
sity Press: Oxford, 1978 ) £6.95. 


For some time now there has been a 
clear need for a book which presents 
the findings of the ‘archaeoastrono- 
mers’—~and this means mainly Profes 
sor Alexander Thom and his family— 
on the British prehistoric standing 
stone stes to the informed general 
public (an audience which, in this 
particular case, includes much of the 
archaeological profession). Thom’s 
discoveries are among the most im- 
portam and controversial to have 
confromted prehistonans for many 
decades; they concern the intellectual 
qualities which, he claims, lie behind 
the design and positioning of the stone 
circles and standing stones and are of 
a kind which, if accepted, must com- 
pletely alter our picture of Neolithic 
British society Thom’s work is, how- 
ever, couched in highly technical and 
mathematical terms and can be hard 
going even for those reasonably com- 
petent numerically—though the rewards 
for perseverance are great. 

Dr Wood has succeeded admirably 
in his task. Here is a lucid, carefully 
composed and balanced account of the 
findings of the archaeoastronomical 
school which makes even the most 
difficuk of these ideas reasonably plain. 
After reading chapter 7 the reviewer 
found himself for the first time—aefter 
eleven years of experience of this field 
—with a fair grasp of Thom’s theory 
of the use of the fan-shaped stone 
rows. This is that they were ancillary 
apparatus at some lunar observatories 
which could be used to determine the 
moon’s extreme monthly declinations 
by extrapolation from the actual obser- 
vations. 

Dr Wood has many sensible things 
to say about the fallacy of equating the 
modern sk#ils needed to unravel traces 
of ancient geometry and astronomy 
with the prehistoric skills involved. As 
he says, twentieth century man easily 
forgets how simple and effective the 


techniques of the pre-scientific age can. 


be and tends to assume that the 
ancients must have been phenomenally 
wise to have done with Stone Age 
equipment what we use theodolites and 
electronic calculators to do. In its ex- 
treme form, this false premise leads 


to the belief that all powerful extra- 
terrestrialg must have been involved. 
And a mider form of this naive belief 
leads even some archacologists to 
maintain that Thom’s deductions are 
simply not credible because Neolithic 
man could not have possessed the 
advanced mathematical and astrono- 
mical knowledge that he possesses. Of 
course they did not, but the same 
results could still have been achieved 
from a much simpler technological and 
intellectual base. i 

Particularly useful is Dr Wood’s 
careful description in chapter 3 of the 
methods by which the various geo- 
metrical shapes Thom believes were 
incorporated in stone circle designs— 
true circles, ellipses. flattened circles 
and egg-shapes—could have been laid 
out on the ground using only simple 
equipment like loops of rope, pegs and 
measuring rods. This exercise provides 
a further flustration of why one 
should not attrrbute too much abstract 
knowledge to the megalith builders 

There is little doubt that right-angled 
triangles were the basis of many of 
these geometrical shapes and it is easy 
to conclude that the attraction to the 
circle-builders of the perfect ones found 
—the 3:4:5, 5:12:13 and 8:15-17 
triangles—was the relationship between 
the squares on their sides thought to 
have been discovered by Pythagoras 
in the sixth century Bc. 

The idea that the Neolithic circle- 
builders of Britain anticipated Pytha- 
goras by two millennia or more is 
compelling and would, if true, consider- 
ably alter our ideas on the history of 
intellectual thought. Dr Wood points 
out, however, that the fact that some 
not quite perfect triangles were used— 
such as 8’?+9==[2" (actually 12.04)— 
almost certainly means that these num- 
bers were used because they gave 90° 
angles when laid out on the ground. 
We certainly cannot assume that the 
circle-builders also knew the Pythag- 
orean theorem. 

Dr Wood brings the same fucidity 
and common sense to his review of the 
astronomical qualities claimed to exist 
in the standing stone sites and gives 
us, for example, a useful and upto- 
date account of the various theories 
current about how Stonehenge might 
have been used as an observatory. 
Anyone wanting a reliable guide 
through what sometimes seems like a 


T15 


reviews 


E. MacKie 


maze of theory and speculation about 
this site cannot do better than this. 

Prehistorians will not be satisfied 
with the relatively meagre amount of 
space given to the more traditional 
kinds of archaeological evidence and 
some will feel that their objections to 
the ideas of the archaeoastronomical 
school are not adequately covered 
(though it is true that little of this is 
actually in print). 

Dr Wood is clearly much more at 
home with the technical and mathema- 
tical evidence than with the historical 
and archaeological. This shows, for 
example, in his discussion of the con- 
cept of the prehistoric unit of length 
termed the Megalithic Yard; the statis- 
teal uncertainties sway him against 
the idea but the parallel, historical 
evidence published by the reviewer— 
which provides striking independent 
support for the existence of this unit— 
ig not mentioned. However, the book 
ts intended primarily to be a guide 
through the complexities of archaeoas- 
tronomy and archaeogeometry and it 
succeeds extraordinarily well a} 





Euan Mackie is at the Hunterian 
Museum, University of Glasgow, UK. 





Catastrophe 
theory 


Catastrophe Theory and Its Applica- 
tions Surveys and Reference Works in 
Mathematics. By T. Poston and I. 
Stewart. Pp.491. (Pitman: London, 
1978.) £25. 


Here at last is the first connected 
account of catastrophe theory written 
for people who are not pure mathema- 
ticlans but who want to understand the 
applications of this new branch of 
geometry. Prewously there has been 
only Thom’s classic Structural Stability 
and Morphogenesis, often as deeply 
obscure as it ds stimulating, and Zee- 
man’s Collected Papers 1972-1977, 
often brilliantly clear but necessarily 
disconnected. 

The first half of Poston and Stewart’s 
book presents the mathematics of 
catastrophe theory They explain 
clearly Thom’s listing of the ways in 
which critical points of functions (that 


76 


is, maxima, minima and saddles) of n 
variables can coalesce as k parameters 
vary The central classification theo- 
rem is not’ proved, but the main 
ingredients-of the proof (transversality, 
stability, and so. on) are very fully 
described, to the point at which it 
becomes clear’ why the catastrophe 
hierarchy depends strongly on k but 
hardly at’ al on n. In applications 
one often encounters functions that 
are not in the form of one of 
Thom’s standard polynomtals; then 
intricate rules determine which catas- 
trophe is involved. It is one of the 
pleasant features of this book that a 
whole chapter is devoted to these, The 
interplay between algebraic and geo- 
metric ideas is emphasised throughout 
with the aid of a large number of 
diagrams. Functions are considered in 
the modern way, as mappings between 
sets, and the corresponding notation 
is used abundantly. However, it is 
explained at the beginning, and there 
is sufficient reversion to the old- 
fashioned ‘“‘f(x)” for tradHionally edu- 
cated scientists not to lose the thread 
of the argument. 

The second half of the book 
describes some applications. These are 


Molecular . 
biochemistry 
Electrical Interactions in Molecular 
Biophysics. By R Gabler, Pp. 352. 


(Academic: New York, San Francisco 
and London;* 1978.) $25; £16 25. 


Tms text forms a very readable hand- 
book which outlines the fundamentals 
of electrostatic and dielectric theory on 
the one hand and of chemical bonding 
and molecular biochemistry on the 
other From the beginning, the chemis- 
try is given in terms of organic macro- 
molecules. The author stresses the 
electrostatic nature of molecular inter- 
actions and takes care to develop the 
concepts of dipole moments and 
dielectric constants. 

A good chapter uses these founda- 
tions for a detailed account of the 
various types of charge and dipolar 
interactions encountered in real mole- 
cules togther with some idea of their 
relative importance. Even though the 
author uses tables to full advantage in 
attempts to give the reader a feel for 
the magnitudes ‘of dipole’ moments, 
dielectric constants and polarisabilities 
in real bonds and molecules, the book 
lacks the ability to convey confidence 
and insight as to how the reader should 
treat, evaluate and really understand 
the complicated behaviour of say the 
nucleic acids, globular proteins or poly- 


mostly in the physical sciences, so that 
it ig possible to state definitely what 
‘potential function’ it is whose coalesc- 
ing critical points give the catas 
trophes. In Zeeman’s pretty theory of 
ship stability, for example, the potential 
is gravitational energy; in optical 
caustics it is the ray transit time (more 
generally, the action); in beam buck- 
ling problems it is elastic energy; in 
fluid flow it is the stream function; 
and dn phase transitions it is the Helm- 
holtz free energy. Usually the fold and 
cusp yield little not already known to 
specialists in these various flelds; only 
with the swallowtail, umbilics and 
higher catastrophes does one start to 
genemte surprising richness of behav- 
iour and genuine applications to the 
theory as opposed to mere illustrations. 
These authors are masters of 
advanced exposition, and they are to 
be congratulated on producing what I 
am sure will become a classic in its 
subject. The publishers deserve credit 
for the high standard of presentation, 

but not for the price l 
Michael Berry 


Michael Berry is Reader in Physics at the 
University o. Bristol, UK. 


saccharides, for example. Three good 
chapters form condensed, readable but 
detailed resumés of Van der Waals 
forces, Debye—Hilckel theory and the 
structure of water. Emphasis for these 
is again placed on biopolymer 
materials. 

The final chapter on experimental 
electrical techniques is somewhat dis 


British | 
bryophytes 

The Moss Flora of Britain and Ireland. 
By A. J. E. Smith. Pp.706 (Cambridge 


University Press Cambridge and Lon- 
don, 1978.) £27.50. 


Firry-Four years have elapsed since 
the publication of a comprehensive 
account of British bryophytes. Smith’s 
new book is a worthy replacement for 
Dixon’s Handbook, as it combines suc- 
cinct detail of text with splendid 
illustrations It is easier to use than 
the old Handbook, for illustrations are 
scattered throughout the text rather 
than ‘being grouped at the end. In 
many respects it matches the more 
recent and most popular guide to 
mosses by E. V. Watson (British Mos- 
ses and Liyerworts; Cambridge Univer- 
sity Press second edition, 1968) but 
surpasses this book in its comprehen- 
sive coverage; 692 species are described 
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appointing, however, in that it deals 
almost exclusively with electrophoretic 
methods. Nevertheless, this particular 
method 1s described very well. It is less 
fortunate that, even though the 
measurement of dielectric constants 
and dielectric dispersion data feature 
strongly in the book, they are tucked 
away in earlier theory chapters rather 
than in the experimental chapter. 
Other novel methods such as ion ex- 
change chromatography, isoelectric 
focusing and precipitation get but 
brief mentions, and electro-optic 
phenomena are by-passed altogether. 
In conclusion, the topics with which 
the book deals are treated well. The 
book provides a very readable and con- 
cise account of the electrical and inter- 
action phenomena encountered in 
biopolymer solutions and makes a 
valiant attempt to link the fundamen- 
tals of electrostatics and biochemistry 
However, it is perhaps a pity that, after 
all the theoretical and conceptual ma- 
terial, the author did not give examples 
of how the experimental data could be 
analysed, interpreted and related to the 
basic properties and functions of 
macromolecules A very good hand- 
book for graduate students and re- 
searchers in the field of molecular bio- 
chemistry in general and for those 
engaged in electrical or dielectric 
measurements in particular. 


B. Jennings 


B. Jennings is Professor of Experimental 
Ae a at Brunel Univernty, Uxbridge, 


and illustrated. It lacks the habit draw- 
ings, which were a valuable feature of 
Watson’s book, especially for begin- 
ners, but this is not a serious deficiency. 

Profuse taxonomic revisions have 
occurred since Dixon’s Handbook and 
the new names will undoubtedly find 
more widespread acceptance as a result 
of this publication. Mnium now pro- 
liferates Into Plagiomnium and 
Rhizomnium. Acrocladium is now 
Calliergon (though we are spared Cal- 
liergonella cuspidata), and so on. The 
treatment of that awkward genus 
Sphagnum (contributed by M. O. Hull) 
ig excellent. 

This ig a book which will be greeted 
enthusiastically by amateur and profes- 
sional botanists alike. The price is high 
but this should not deter the enthusiast; 
it is worth every penny. 

Peter D. Moore 





Peter D. Moore is Senior Lecturer in 
Plant Sciences at King’ s College, Univer- 
sty of London, UK. 
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Essays in Microbiology 

edited by J.R. Norris, ARC Meat Research 
Institute and Department of Bacteriology. 
University of Bristol 

and M.H. Richmond, Department of Bacteriology, 
University of Bristol. 


This series of essays on general microbiology is 
| written by world authorities and provides a 
|- valuable basis for undergraduate study. It contains 
sixteen essays on a range of topics and will be a 
useful addition to the library of any Microbiology 
Department where it will serve as an introduction 
to the whole subject. 

Contents: What is Microbiclogy?; Form and 
Function:| Bacteria; Form and Function: l Fungi; 
Form and Function: IH Viruses; Form and Function: 
iV Protozoa; The Chemistry and Composition of 
Microorganisms; Dynamics of Microbial Growth; 
intermediary Metabolism; Classification of Micro- 
organisms; The Genetic Organisation of Bacteria 
and its Expression; Interactions between Phage 
and Bacteria; The Determinants of Microbial 
Pathogenicity; Resistant Forms; Symbiosis in the 
Microbial World; Bacterial Nutrition. 

July 1978 
0471 99556 8 


538 pages 
$28.50/£13.50 


Water Pollution Microbiology 


Vol. 2 
edited by R. Mitchell, Harvard University. 


Provides up-to-date microbiological based inform- 
ation on causes and control of water pollution. 
Leading microbiologists and environmental engin- 
eers evaluate new concepts and techniques and 
demonstrate the synthesis between microbial 
ecology and environmental engineering for water 
pollution control. They examine the role of 
microorganisms as causitive agents of ecological 
and public health hazards in natural waters, as 
indicators of water pollution, and as purifying 
agents. 

August 1978 454 pages 
0471 01902 X $34.00/£17.60 


R.A. Fisher: The Life of a Scientist 
by Joan Fisher Box. 


Synthesises his personal and professional life, 
tracing the development of some of his main 
contributions to statistical method and scientific 
inference. 
August 1978 
0471 J229 9 


526 pages 
$30. SE ES 00 


BRISBANE : TORONTO 


Life Science Physics 
by J.W. Kane and M.M. Sternheim, 
both of the University of Massachusetts. 


The overall unity of science is demonstrated here 
by relating physics to biomedical disciplines and 
systematically using life science topics to illustrate 
physical principles. Contains examples from 
bi ological systems and applies physics concepts to 
them in detail. Topics no longer of great interest to 
physicists, but relevant to the life sciences, such as 
geometric optics, the mechanics of fluids and 
acoustics are discussed. 
August 1978 

0471 03137 2 


684 pages 
$20.20/£11.00 


Intermediate Physics for Medicine 
and Biology 
by R.K. Hobbie, University of Minnesota. 


Designed as an aid for understanding tne physics 
found in biomedical research ‘iterature, this 
covers mechanics, exponential growth and decay, 
transport in bulk fluid and through membranes, 
electrical properties of nerves, nerve impulse 
propagation, and the electrocardiogram. Feedback 
systems, signal analysis, atomic physics, X-rays 
and nuclear medicine are also inciuded. 


August 1978 576 | 
0471 03212 3 





pages 


Concepts in Cell Biology 
by W.K. Stephenson, Earfham College, indiana. 


Emphasizes the analysis, synthesis, and evalu- 
ation of subject matter and the acquisition and 
correlation of knowledge. It gives special attention 
to such difficult concepts as pH, glycolysis, Krebs 
cycle, the electron transport system, photo- 
synthesis, bioenergetics, and osmolarity. 

August 1978 234 pages 
0471 03390 1 
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MATHEMATICS 


FUNDAMENTAL CONCEPTS OF 
MATHEMATICS 2nd edition 

R.L. Goodstein 

Makes some of the more significant ideas and methods 
in modern mathematics accessible to + wider public by 
discussing them in an elementary setting. 

ISBN 008 021665 XA US$33.00 £15.00 


ISBN 008 021666 8f . US$16.50 £ 7.00 
345 pp approx 78 illus 


SETS: NAIVE, AXIOMATIC AND APPLIED 


D. Van Daien, H C. Doets & H.De Swart 

Covers a part of set theory basic to present day 
mathematics and contains topics illustrating the 
usefulness of set theory in every day mathematics. 
ISBN 0 08 0211666ħh` US$35.00 £17.50 
ISBN 0 08 023047 4 f US$17.50 £ 8.50 
338pp 63 illus 


ENERGY 


HYDRIDES FOR ENERGY STORAGE 
Editors’ A.F. Andresen & A. Maeland 

The Proceedings of an International Symposium, 
Norway, 1977 Contains over 40 technical and 
_review papers. 

ISBN 0 08 022715 5h 
610pp 


SYNTHETIC FUELS fee COMBUSTION 
Editor N.A. Chigier 

Includes review articles om combustion, flames, fual 
science and technology, and energy studies by 
Internationally recognised authorities 

ISBN 0 08 022122 Xh USS60.00 £25 00 approx 


258pp Over 850 refs 
Aiso published as Volume 3 of Progress in Energy and 


Combustion Science 


LITHIUM NEEDS AND RESOURCES 
Editor S.S. Penner 


US$60.00 £30.00 
204 illus approx 750 refs approx 


Proceedings of Symposium held in Corning, New York 


1977. Contains over 20 technical papers: 2 


ISBN 0 08 0227333h  US$25.00 £12.50 
180pp 


Also published as Volume 3 Number 3 of Energy * 


LIFE SCIENCES 


VISUAL PHOTOCHEMISTRY: THE BEGINNINGS 


Editor. T. Shipley 


Commemorates centennial of the discovary of first 
known visual pigment and Includes the first English 
translation of the original papers. 


ISBN 0 08 021534 3h US$20.00 £10.00 
81pp ~ 49 illus 

Also published as Volume t7 Numbers un of 
Vision Research * l 


PRINCIPLES OF POLLINATION ECOLOGY- 
3rd adition 


Editors K. Faegri& L. Verba Pil 


Completely revised edition of this comprehensive survey 
of the botanical problems of pollination ecology 


‘approached from a theoretical and practical viewpoint 


ISBN 0 08 021338 3h 
ISBN 0 08 023160 8 f US$15 00 £ 7.50 
250pp - 23 illus 


OFFICIAL PUBLICATIONS 
NOMENCLATURE OF ORGANIC 
CHEMISTRY 1978 . 
Editors: J. Rigaudy & S.P. Klesney _ 


Contains all the recommendations of the IUPAC 
Commission on the Nomenclature of Organic 
Chemistry. 


ISBN 0 08 022369 9 h 
550pp 


ENGINEERING EQUIPMENT FOR 
FOUNDRIES 
UNECE 


An interdisciplinary approach to developments in 
foundries and to current techno-economic trends. 


ISBN 0 08 022421 Oh US$54.00 £27.00 approx 
450pp 205 illus 

AIR POLLUTION PROBLEMS OF THE 
CHEMISTRY INDUSTRY 

Editor: J.J. Katz 


Proceedings of an international seminar organized by 
UNECE on new methods of controlling air pollution 
emitted from inorganic chemical processes. 


ISBN 0 08 022413 X f US$22.20 £11.00 approx 
200pp - 


AERONAUTICS 
THE AERODYNAMIC DESIGN OF AIRCRAFT 


D. Kuchemann 


Conveys understanding of interactions between the 
shape of aircraft, the role it has to fulftl and the fluid 


US$25 00 £12 50 


US$50.00 £25.00 approx 


. mechanics underlying its performance. 


ISBN 0 08 020515 1h US$60.00 £26.00 approx 
ISBN 0 08 020514 3 f US$20.00 £10.00 approx 
569pp 335 illus -Over 1900 refs 

USING SPACE — TODAY AND TOMORROW | 
Volumes 1 & 2 


Editor L.G. Napolitano 

Proceedings of the XXVIII International 

Astronautical Congress, Prague 1977 

Vol. 1 ISBN 0 08 023231 0h US$40.00 £20.00 approx 
Vol. 2 ISBN 008 0232329 f US$30.00 £15.00 approx 


260pp 163 illus 
160pp 80allus i 
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CHEMISTRY 

PROGRESS IN REACTION KINETICS 
Volume 8 

Editors: K.R. Jennings & R.B. Cundall 


Reviews significant recent developments in both gas 
kinetics and solution kinetics. 


ISBN 0 08 018279 8h US$37.50 £18.75 
300pp approx 977 refs 


PROGRESS IN POLYMER SCIENCE 
Volume 5 | 


Editor: A.D. Jenkins 
Summarizes developments and concepts in areas of 


particular importance in polymer science, acting as a 


bridge between the original literature and the 
individual scientist. 

ISBN 0 08 019478 6 h USS37.50 £18.75 
236pp 645 refs 


PROGRESS IN WATER TECHNOLOGY 
Volume 9 Parts 1 to 4 

Proceedings of the Sth International Canference on 
Water Pollution Research, Sydney, Australia 1976 
Editor: $.H. Jenkins 


ISBN 0 08 020902 5h USS120.00 £60.00 
1060pp Over 600 Hus 1152 refs 


ASTRONOMY 
VISTAS IN ASTRONOMY Volume 20 


Editors: A. Beer & P. Beer 


internationally famous authors provide a complete 
survey of contemporary astronomy and its related 
fields. 

ISBN 0 08 020361 2h US$80.00 £40.00 
350pp 87 illus approx 1000 refs 


VISTAS IN ASTRONOMY Volume 21 
Editors: A. Beer & P. Beer 
A complete survey of contemporary astronomy 


ISBN 0 08 021662 5h USS80.00 £40.00 
470pp 125 illus approx 800 refs 


METALLURGY 


PRINCIPLES OF METAL SURFACE 
TREATMENT AND PROTECTION 
2nd edition 


D.R. Gabe 
Discusses the applications of metal! finishing and 


coating technology in protecting metals in corrosion 


environments in terms of the basic principles of 
physical science. 


ISBN 0 08 022703 1h USS26.50 £12.00 
ISBN 0 08 022707 4 f US$11.00 £ 5.00 
180pp 


METALLURGICAL THERMOCHEMISTRY 
Sth edition 


O. Kubaschewski & C.B. Alcock 
A classic work completely revised and updatec, now 


includes an extended treatment of the thermodynamics 


of metallic solutions and new experimental methads. 


ISBN O 08 020897 5h US$32.50 £16.00 approx 
ISBN 0 08 022107 6 f U8S18.20 £ 9.00 approx 
5000p Over 1400 refs 


CONTROL ENGINEERING 


SYSTEMS: DECOMPOSITION 
OPTIMISATION AND CONTROL 
M.G, Singh & A. Titli 


An up-to-date, unified treatment of the optimization 


and control of small and large systems, covering theory 


and practice. Includes many useful worked examples. 
ISBN O 08 022150 5h US360.00 £30.00 approx 
ISBN 0 08 023238 8f USS20.00 £10.00 approx 
660pp 212 illus 


PHYSICS 


THE MESONIC INTERFACE BETWEEN 
NUCLEAR STRUCTURE AND PARTICLE 
PHYSICS 

editor: D. Wilkinsen 

Proceedings of the international School of Nuclear 
Physics, Erice, September, 1976 

ISBN 0 08 020327 2h USS50.00 £25.00 
290pp Over 300 refs 

Also published as Volume 1 of Progress in Particle and 
Nuclear Physics 

THE CONCISE DICTIONARY OF PHYSICS 
2nd edition 

J. Thewlis 

A comprehensive work of reference consisting of 
definitions of terms in Physics as well as in a large 
number of related subjects such as Astronomy, 
Geophysics and Meteorology. 

ISBN 0 08 023048 2 h US3S40.00 £20.00 
400pp approx | 

“indicates a special issue of a research journal supplied 
to subscribers as part of their subscription. 


h = hardcover f = flexicover 


Prices are subiect to change without notice, 

For prices in Australia, Austria, Canada, France, 
FR Germany and New Zealand, please contact your nearest 
Pergamon office. 

Customers except in UK and Eire pay the HS dollar orice 
shown. 
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B.M. Trost, Zahradnık Contents: One Determinental Theory of Chemical 


Reactivity.— Configuration Interaction Overview of 


VOLUME I. J. Tsuji Chemical Reactivity. The Dynamic Linear Combination of 
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Potato 
research 


The Potato Crop: The Scientific Basis 
for Improvement. Edited by P. M. 
Harris Pp. 730 (Chapman and Hall. 
London; 1978.) £25 


THIS book ds one of the first of a 
series of crop monographs; those on 
barley and potatoes have appeared 
and one on wheat is promised Accord- 
ing to the general editor of the series, 
E H Roberts, the aim is to provide 
authoritative and comprehensive sum- 
mares of current scientific knowledge 
aimed at teachers, students and re- 
search and advisory workers (they are 
not meant as practical manuals for 
farmers). The project as a whole 1s 
timely because the past 20 years has 
seen a formidable growth of know- 
ledge of the scientific aspects of all 
our crops, yet there are few good 
recent monographs of temperate crops 
available, tropical crops, perhaps 
surprisingly, have been, on the whole, 
rather better served. 

To what extent, then, does the 
present work fulfil these intentions? 
In general, I think it does so very 


well. The book, a large one, is com- 
posed of 17 chapters which start with 
history and biosystematics, and go on 
through morphology, growth physi- 
ology, mineral nutrition, water re- 
lations, plant density and ‘seed’ 
management to mechanisation and 
weed control; there follow treatments 
of diseases, pests, tuber quakty, 
storage, breeding, and economics, and 
the book concludes with a somewhat 
more speculative (and very interesting) 
chapter on the application of physi- 
ological ideas to the enhancemem of 
crop performance. 

The editor has done a good job of 
making a reasonably coherent whole 
out of diverse material contributed by 
21 authors. The book is well made, 
the illustrations and index are adequate, 
and bibliographies (chapter-by-chapter) 
seem to be fairly complete, misprints 
and errors are few. Individually, the 
writers clearly know their subjects well, 
so the work as a whole is authoritative 
as well as comprehensive The facts 
that our knowledge has improved 
greatly in recent decades and that the 
management of the crop and the pro- 
duct is shifting rather rapidly as new 
technology emerges become very 
apparent on reading this book That 
knowledge and management are both 
yet umperfect, however, is also clear 


T7 


and several authors draw attention 
to deficiencies in these respects. 

This book will surely become the 
standard reference work for the crop 
and anyone seriously concerned with 
potato research will need to have it 
near to hand. Teachers wil find it 
useful and so, perhaps, will some 
potato farmers (who tend to be 
knowledgeable enthusiasts); but it is 
not a practical manual. 

There are two defects which should 
be considered in preparing a revision. 
First, few readers will find 30 odd 
pages of taxonomy of wild species 
very useful in the crop physiological 
context of this book, and the first two 
chapters could therefore be condensed 
into one without less of content but 
with some saving of space. Second, 
though the bibMographies are reason- 
ably international in character, the 
more agricultural parts of the text are 
much coloured by Western European, 
especially UK, practice. A wider view- 
point (including the place and potential 
of the crop at low latitudes) would be 


desirable. 
N. W. Simmon 


N. W. Simmonds is Lecturer in the School 
of Pte hy at the Universnty of 


Edinburgh, 





Quantum 
electrodynamics 
textbook 


Quantum Electrodynamics. By S. N 
Gupta. Pp 226 (Gordon and Breach. 
New York, Pams and London, 1978.) 
£25 30. 


QuaANTUM electrodynamics ig the re- 
Jativistic quantum theory of photons 
interacting with electrons and other 
charged leptons It grew between about 
1930 and 1950, as the natural result 
of combining special relativity with 
quantum theory It has made some 
spectacularly accurate predictions, and 
it is one of the triumphs of mid- 
twentieth century physics 

There are few textbooks on just this 
subject, and the appearance of a new 
one is noteworthy, particularly when it 
is by someone like Professor Gupta, 
who has been a frequent and important 
contributor to the subject. 

One of the best things about this 
book is its conciseness Everything is 
done as economically and elegantly as 
possible, with no superfluous words. To 
achieve this compression some things 
Inevitably have had to be sacrificed 
I missed any discussion of polarisation, 


of bound states, and, most seriously, of 
the experimental confirmation of the 
subject. There is a paucity of ref- 
erences, and there are none at all to 
other textbooks. 

On technical matters, the gauge 
condition is dealt with using the mde- 
finite metric, and regularisation 1s 
treated in terms of auxiliary fields. 
Scattering theory is treated rather per- 
functorily The difficult subject of re- 
normalisation is briefly but, to my 
taste, sensibly and adequately covered. 

Quantum electrodynamics is not a 
self-contained subject In calculating 
the magnetic moment of the electron, 
for example, weak interactions and the 
virtual production of strongly interact- 
ing particles would have to be included 
if sufficient accuracy were required. 
Professor Gupta’s book may be one 
of the last to confine itself to electrody- 
namics. It ig none the worse for that: 


but a discussion would have been wel-. 


come of the place of quantum 

electrodynamics within modern physics. 

This brief and clear book would be 

a good one from which to learn the 

subject It is a pity that the price is 
too high for most students to pay 

J. C. Taylor 


J C. Taylor is Reader ın Theoretical 
Physics at the University of Oxford, UK. 
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R. G.W. Norrish, 1897-1978 


THE death of Professor Ronald George 
Wreyford Norrish in his Slst year al 
Cambridge on 7 June 1978 marks the 
passing of an era notable for remark- 
able developments in chemistry, among 
which must be included the advance to 
maturity of reaction kinetics as a dis- 
cipline in physical chemistry. Through- 
out Norrish’s research career, extend- 
ing over more than forty years, he was 
intimately concerned with a wide 
variety of subjects, including photo- 
chemistry, atomic and free-radical re- 
actions, chain processes such as ignition 
and combustion and polymerisation, 
and energy transfer between and within 
molecules. In all these his studies led 
to important, and sometimes revolu- 
tionary, advances. Wide as his research 
activities were, yet they were inter- 
twined, with the thread of an intense 
interest in the behaviour of activated 
species and the study of the latter by 


kinetic techniques, running through 
them. 

Norrish’s first photochemical work, 
carried out in 1923 in collaboration 
with E. K. Rideal, was a study of the 


photochemistry of aqueous potassium 
permanganate solutions. At that time 
photochemistry was in its infancy. The 
first application of quantum theory to 
photochemistry had been made by 
Einstein in 1912 in the form of his 
law of photochemical equivalence 
(although in some respects this was 
anticipated by work of Stark) and its 
precise applicability to photochemical 
reactions was sull a matter for debate. 
fhe remarkable paper by Franck on 
the elementary processes of photo- 
chemical reactions did not appear until 
1925. Norrish published a number of 
interesting papers before 1930, notably 
those on the photochemistry of nitro- 
gen dioxide, in which he demonstrated 
a photochemical threshold and the 
achievement of a photostationary state. 

In the period up to the middle 1930s 
correlation between photodecomposi- 
tion and = photophysical phenomena, 
such as spectral character and the 
appearance of fluorescence. engaged 
the attention of photochemists and 
Norrish’s laboratory in Cambridge 
occupied a prominent position in these 
studies. Of his photochemical work 
before World War I, his long series 
of investigations of the photolysis of 
carbonyl compounds is perhaps particu- 


larly far-reaching. 

The first paper, in 1928, concerned 
with the photodecomposition of 
glyoxal, was followed by reports of 
studies of formaldehyde, acetaldehyde, 
acetone and a variety of aldehydes and 
ketones carrying longer hydrocarbon 
chains. These led to the recognition of 
the now famous Norrish Type | and 
Norrish Type Il reactions, illustrated 
by the equations i n 

R'COR’* + Ay > R + COR: 
> R' + R* + CO (1) 
R'COCH:CH»CH:R? + hy > 


R'COCHs; + CH, : CHR’ (11) 
in which the groups R’ and R“ are 
understood to contain one or two 
carbon atoms. The observation that 


Types | and II reactions are influenced 
strongly by the physical environment. 
i.e. whether gas phase or condensed 
phase—provided a most important 
‘spin-off’, namely the first experimental 
illustration of the Franck-Rabinowitch 
cage mechanism operative in solution. 

Norrish’s interest in intense light 
sources for photolysis seems to have 
arisen during World War l. I recall 
a comment (suitably embellished), 
made near the end of the war, that he 
intended to get a searchlight to photo- 
lyse keten and to trap the resulting 
methylene by the Paneth method. At 
that time, rudimentary ideas of fash 
photolysis may have been growing in 
his mind. 

Flash photolysis, pioneered by Nor- 
rish and Porter and their coworkers, 
was a truly revolutionary development. 
It makes use of a powerful short-lived 
‘photoflash’ which brings about rapid 
dissociation of the absorbing species 
into radicals or atoms. A second 
weaker spectroscopic flash (‘specflash’) 
triggered electronically at a precise 
interval after the first, permits the 
observation of transient species and by 
varying the time between the two 
flashes the kinetics of the formation 
and decay of such species may be 
studied. A fascinating account of these 
developments, extending from pyrolysis 
and combustion processes to vibrational 
relaxation phenomena, was given by 
Norrish in his Faraday Lecture to the 
Chemical Society. The immense impact 
of this technique on the study of fast 
reactions and the behaviour of active 
species is now too well-known to re- 
quire description and the award of the 


© Godfrey Argent 





1967 


Prize 

jointly to Norrish and Porter and to 

Eigen was universally welcomed. 
Norrish’s interest in chain processes 


Nobel for Chemistry in 


was evident from his early work on 
the hydrogen-chlorine reaction in 
which he elucidated the inhibitory 


effects of oxygen and ammonia. Adop- 
tion of a new technique (continuous 
photometric analysis) enabled Norrish 
and Ritchie to establish that the re- 
tarding effect of HCI in pure systems 
and systems containing oxygen Is 
attributable to the process , 

H + HCI — H: + Cl 
Norrish’s work on the kinetics of this 
chain reaction, many features of which 
had defied solution by earlier workers, 
established his eminent position among 
kineticists, 

Much of Norrish’s work on com- 
bustion was centred on the transition 
between slow reaction and ignition and 
particularly the dependence of the 
ignition boundaries on the concentra- 


tions of various additives (e.g. NO», 
NOCI. CCkNO.). During the early 
stages. Semenov was developing his 


classical theories of thermal and iso- 
thermal ignition; Norrish saw the 
necessity for combining both these in 
a branched-chain thermal theory. 
Although some of the detailed inter- 
pretations have been modified as the 
result of applications of new experi- 
mental techniques, there is no doubt 
that the beautiful work of Norrish and 
his colleagues, made over a long period, 
has provided much of the basis of our 
present understanding of these com- 
plex processes. The experimental de- 
monstration of degenerate (or delayed) 
branching in hydrocarbon combustion 
was an outstanding contribution. 
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Schizophrenia: Towards a New Synthesis 


edited by J. K. Wing g 
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Advances in the understanding of schizophrenia have lately been made In the teeth of controversy and confusion, part of 
which 18 due to differences in terminology or diagnostic critena, and part to the elusive nature of the condition Eself. it seems 
clear that the truth about schizophrenia 1s not to be found within one restricted held of knowledge. At last, however, the 
beginnings of a convincing synthesis are appearing, balancing blochemical and enetic evidence with findings from clinical 
psychiatry and the behavioural sciences, establishing a basic set of symptoms an disposing once and for all of the argument 
that schizophrenia is a myth. This book provides a comprehensive and readable account of modern knowledge about 
schizophrenia. i 
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statistical mechanics of chemisorption; but subsequent chapters on the kinetics of absorption and desorptinn processes 
place their emphasis on recent inveatigations of sticking probabilities, precursor and multiplet states, energy accommodation 
and molecular beam scattering. Later chapters are concerned with the geometric and electronic properties of surfaces and 
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‘Over the last decade, there have been remarkable developments in sampled data processing methods and techniques, the 

most important of which Is digita! filtering. These developménts have resulted In many new and useful applications for digital 

filters In areas such as communications, radar-sonar, expenmental physics, aerospace systems, blomedicins and remote 

sensing. This book presents a synthesis of the theory and design of digital filters (1-D and 2-D) together with a ceecnptlon of 
‘ thelr practical utilization in the most Important areas of signal and image processing. The book ts divided Into three malin 
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in recent years both the tethnology and the basic understanding of thin flim phenomena have advanced rapidly. Although few 
new passive thin film devices have been developed, the matenals used have become Increasingly well understood, with better 
knowledge of thelr properties, and at the same time developments have been made ın the theones of charge transfer The rate 

of development of active devices, however, is very rapid and it seems certain that in the very near future these will have a major 
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the properties of thin films, the theories of thin film phenomena and their wide range of applications. 
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Development in Mammals 


Development in Mammals is an advanced, critical and informative work of reference which serves not 
only to record the current states of knowledge ‘and controversies in the field of mammalian 
development but also point the direction of new approaches. Authors contributing to this series have 
been encouraged to extend their observations beyond the narrow range of mammalian development 
wherever interdisciplinary approaches or parallels drawn with other areas might appear useful. 
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Volume 3 of Development In Mammals 
shows some alterations in style, but 
has adopted the same approach to 
content as did volumes one and two. 
Authors have again been encouraged 
to develop new ideas and to be provo- 


cative, arid to use unpublished data 


where these would support an argu- 
ment. Within this flexible frame-work, 
a number of contributions have been 
received relating to four broad cate- 
gorles of topic. 


Two of the contributions deal with the 
acrosome reaction, one approach bio- 
chemical and the other blophysical. 
Two contributions are concerned 
specifically with models for cell:cell 
Interaction tn development, either by 
viral particles -or through localised 
fluidity changes In cell: membranes 
Five contributions deal with the rela- 
tlonships between stem cells, plurtpo- 
tentiality and the transmission of the 
germ line. Finally, three contributions 
are concemed with the fundamental 
aspects of morphogenesis - prollfera- 
tion, migration and clonal growth 


. -this volume is good value and augurs 


well for the next of the series.” 
Nature 
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In the field of polymerisation, 
Norrish also made pioneering kinetic 
studies. The - best-known is’ probably 
that concerned with the acceleration 
which occurs in the later stages of free- 
radical polymerisation, to which the 
name ‘gel-effect’ has now been 
attached. Norrish and Smith showed 
that this is the resukt of a steadily 
decreasing rate of chain termination 
which sets in when the viscosity 
becomes high. A nice example of the 
cross-fertilisation of his ideas is pro- 
vided by bis work on the photolysis of 
poly(methylvinylketone), which was 


found to undergo photolysis in solution’ 


according to both Types I and H. The 
former yields macroradicals which, in 
the presence of a polymerisable mono- 
mer, give block copolymers. 
Norrish had intense energy and 
enthusiasm and an all-consuming desire 
to get to the bottom of things by 
experimental means. These qualities 
could be disconcerting to his research 
students, who were sometimes expected 
to obtain definitive results between 9.30 
am. and 6.0 p.m on the same day 
(bank-holidays included! ). Norrish was 
a generous and warm-hearted, yet 
forthright, person. His membership of 
the Savage Club reflected his enjoy- 
ment of meeting people, especially 
those distinguished in professions re- 
mote from his own. He had a tre- 
mendous zest for life and his hospitality 
became legendary, not only on the 
more formal occasions, but also in his 
entertainment of friends and colleagues 
from all parts of the world at his home 
in Park Terrace There, one might be 
regaled with recordings of Japanese 
music or a lecture by Rutherford, or 
enter into quasi-philosophical discus- 
sions of the ‘fourth law’ of thermo- 
dynamics and when Norrish received 
his honorary degree in the University 
of Liverpool, the Public Orator recalled 
the remarkable aptness of Praed’s 
words 
‘Beginning with the laws which keep 
The planets in their radiant courses, 
And ending with some precept deep 
For dressing eels, or shoeing horses.’ 
It might truly be said that with Norrish 
every evening was Christmas eve. 
Things Cantabrigian occupied a 
very special place in Norrish’s affec- 
tions. He was born and educated in 
Cambridge and effectively spent all his 
working life there In 1937, after the 
death of T. M. Lowry, he had become 
the second holder of the Chair of 
Physical Chemistry and subsequently 
the head of the separate Department of 
Physical Chemistry. He was justiflably 
proud of the department he had built 
up and had strong associations with his 
College (Emmanuel) of which he was 
Senior Fellow at the time of his death. 
Has lectures on physical chemistry were 


often vividly illustrated by spectacular 
demonstrations of his favourite pheno- 
mena in photochemistry and chain 
processes. During the war, his depart- 
ment was largely concerned with 
problems related to the war-effort, such 
as suppression of gun flash and the 
development of incendiary materials; 
during this time Norrish was Chairman 
of the Incendiary Projectiles Com- 
mittee. 

Norrish’s distinction naturally led to 
his receiving many honours. He was 
elected Fellow of the Royal Society in 
1937 and received honorary doctorates 
from the Sorbonne, and the Univer- 
sities of Lancaster, Leeds, Liverpool, 
Sheffield and British Columbia. He was 
awarded the Meldola Medal of. the 
Institute of Chemistry (1928), the Davy 
Medal of the Royal Society and the 
Liversidge Medal of the Chemical 
Society (1958), the Lewis Gold Medal 
of the Combustion Institute (1964), the 
Faraday and Longstaff Medals of the 
Chemical Society (1964, 1968) and was 
a member of eight foreign Academies 
of Science. During 1953-55 he was 
President of the Faraday Society, and 
in 1961 was President of Section B of 
the British Association for the Ad- 
vancement of Science. In 1966 he gave 
the Bakerian Lecture of the Royal 
Society. Nothwithstanding all. his 
honours, he retained an innate modesty 
which allowed him to accord to others, 
particularly his junior colleagues, due 
appreciation of their efforts. 

In 1926 he married Anne, the eldest 
daughter of A. E. Smith, of Man- 
chester, who survives him. They had 
twin daughters. 

C. H. Bamford 


J. P. Kendall 


PROFESSOR JAMES PICKERING KENDALL, 
F.R.S., F.R.S E., Emeritus Professor of 
Chemistry, University of Edinburgh, 
died in Edinburgh on 14 June 1978. 

He was born on 30 July 1889 in 
Chobham, Surrey, and was educated at 
Farnham Grammar School and Edin- 
burgh University. A distinguished 
undergraduate career was followed by 
work on exact conductivity measure- 
ments, first in Edinburgh and later with 
Svante Arrhenius at the Nobel Insti- 
tute, Stockholm Kendall was inspired 
by Arrhenius, but found research 
facilities in the Institute disappointing 
and after a spell he went to the better 
equipped Technological Institute of St. 
Petersburg. 

In 1913 Kendall went to Columbia 
University, New York, as an instructor 
in chemistry and in 1922 was promoted 
to a full professorship. He carried out 
research on a variety of topics includ- 


79 


‘Ing the formation of addition com- 


pounds in solution and ionisation equi- 
libria. A good example of his incisive 
and discriminating approach to re- 
search is contained in a long, critical 
and polemical paper on the properties 
of strong electrolytes in solution in 
which facts and arguments are 
marshalled against the views and 
postulates of Ghosh. 

Probably his most important work 
was the attempt to separate isotopes 
and mixtures of rare earths, a pioneer 
effort at a period when the sophisticated 
armoury of the modern chemist was not 
available. Isotopic separation eluded 
him, but by the ionic migration method 
he effected a substantially complete 
separation of yttrium from erbium. At 
the same time he undertook the re 
vision of Alexander Smith’s famous 
series of chemistry textbooks, a task 
which made increasing demands on his 
time and energy. 

In 1927 Kendall was elected a Fellow 
of the Royal Society and a year later 
succeeded Sir James Walker as Pro- 
fessor of Chemistry in the University 
of Edinburgh, a post he held until his 
retirement in 1958. He immediately 
made full use of his administrative 
ability and business acumen into ex- 
tending the research facilities of his 
department, and with the help of men 
like J. A. V. Butler, E. B. Ludlam, M. 
Ritchie and H. W. .Melville, succeeded 
in building up a thriving school of 
physical chemistry. Apart from un- 
successful attempts to separate the 
hydrogen isotopes in water and to de- 
tect the calcium isotope with mass 41 
in the potassium-rich deposits of 
Rhiconich in Sutherlandshire Kendall 
gave up research and concentrated on 
writing books. These included At Home 
among the Atoms and Young Chemists 
and Great Discoveries and the lively 
and readable biographies of Michael 
Faraday and Humphry Davy. In 1938 
he wrote Breathe Freely in which he 
correctly predicted that in the event 
of war poison gas would not be used. 

Kendall was an excellent lecturer 
and he gave the 1938/39 course of 
Christmas lectures at the Royal Insti- 
tution, in London. In one of the 
lectures he performed the famous boil- 
ing lead experiment, when his daughter 
Jean passed her hand through the 
stream of white hot metal. He also 
took a great interest in the Royal 
Society of Edinburgh and served first 
as General Secretary (1936-1946) and 
then as President (1949-1954) In his 
younger days he enjoyed bicycling 
and he was a very good bridge player. 
He was twice married and his second 
wife, Jean, tended him devotedly in his 
latter years of ill-health. He leaves a 
son and two daughters. 

- % - Neil Campbell 
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The hav po oe The Early "Bondon" Harvard Century. 
Prees, 1978.) £12.25. ° 
, Wolf LAYTON, Jr., Edwin T , and WEINGART, Poter (odtod 
P Sanand T N 
ain the Development of , 
k, 2) A eae ISBN-90-277 
Mane De Redel Pub Lshing Company, 1978.) Cloth Dfl.70, ' $29.50. Paper Df.35, 
$14 95. 

NASR, Seyyod Hoesen. An Introdveuon to [slarruc Corno Doctrines: 
Conceptions of Nature and Methods*Used for Its Study by the wan A-Safa 
Al-Biruni, and [bn Sina Revised odition Ppixmu+318. ISBN-0-500011%-7. 
Londoa 


: Thames and Hudson, 1978 ) £10 
ELL Margaret Cholera, Fever and Modane, 1825-1865 (Oxford 
: ING, 1872-9. (Oxford axi London: 
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Oxford Books for Students 





Physical Chemistry 
P.W. Atkins 


‘What convinces me that this is a book that 
should be widely adopted, and which will be 
sought after by undergraduates whatever their 
teachers may recommend, is that the whole work 
is distinguished by penetrating insight allied to 
consistent and exceptional clarity of expression.’ 
The Times Higher Education Supplement. £15 
paper covers £7.95 


Primary Metabolism 
A Mechanistic Approach 


J. Staunton 


The traditional line of demarcation between 
biochemistry and chemistry has dissolved in 
recent years as chemists and biochemists have 
joined forces in investigating the mechanisms of 
reactions which take place in living systems. This 
book introduces this area of common interest to 
students of both chemistry and biochemistry. 
£6.50 Oxford Chemistry Series 


Secondary Metabolism 

J. Mann 

This book is concerned with the biosynthesis, 
biological activity, and ecological significance of 
secondary metabolites (natural products). All the 
major classes of secondary metabolites are 
considered systematically, according to the basic 
‘building blocks’ from which they are derived. 
Examples aregiven of compounds found in 
insects, plants, and micro-organisms; andthe _ 
pharmacological and toxicological properties are 
emphasized where relevant. £9.75 Oxford 
Chemistry Series 


Mathematical Cosmology 
Peter T. Landsberg and David A. Evans 


This book gives readers a quantitative 
understanding of some important aspects of 
general relativistic cosmology, starting only with 
school mathematics and Newtonian ideas in 
physics. It is concerned mainly with various 
models that have been proposed to explain the 
large-scale structure of the universe: the 
Friedmann models, steady-state models, and 
model universes involving pressure. £6.95 





The Bowels of the Ear h 7 


John Elder 


This paperback reprint has replaced the boards 
edition which was published in 1976. ‘Original, 


persuasive, intensely individual... . the book 

is plainly a tour de force, and it may set a new 
model for scientific exposition.... The prose.... 
is direct and evocative.’ Scientific American. 
Paper covers £2.95 


Human Growth 


-and Development 


Wolfson College Lectures 1976 

Edited by Jerome S. Bruner 

and Alison Garton | 

These papers. explore some of the biol ogical, 
social, and political factors involved in growing — 
up in modern society. They indicate the strong” 
admixture of biological and social determinants 
that influence behaviour during child development, 
and two main themes run through the book: the 
importance of achieving social connection, and 
the active nature of childhood. £4.25 paper 
covers £2.25 


Mechanics and Motion 


L. Mackinnon 

This book, based on the first-year course given 
by the author at the University of Essex, provides 
a survey of those topics that are an essential 
background to modern physics and advanced 
engineering. Throughout, the emphasis is on the 
basic physical concepts necessary to a study of 
the more advanced courses that will follow. £6 
paper covers £3.25 Oxford Physics Series 


The Properties of Nuclei 
G. A. Jones 


This book describes the properties of nuclear 
levels, starting with stable states and progressing, 
via quasi-stable states (radio-active ground states 
and nuclear stable excited states), to unstable 
(nucleon-emitting) states. The shell model, the 
collective models, and the optical model of the 
nucleus are described, and nuclear reactions are 
introduced in terms of the compound nucleus and 
direct processes. £5.95 Oxford Physics Series 
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Learning Strategles 
Edited by T F. O'NEIL, JR. 
A Volume in the EDUCATIONAL TECHNOLOGY Series 


CONTENTS:-D. Dansereau, The Development of a 
Leaming Stra egies Curriculum C. Weinstein, Elab- 
oratlon Skills as a Learning Strategy. Fo Richardson, 
Behavior Modification and Leaming Strategles A. 
N. Singer, Motor Skills and Learning Strategies. J. 
S. -Brown et al, Artificial eeneoice and roaming 


Group Processes . 
Papers from Advances in Experimental Social Psychology 


Edited by LEONARD BERKOWITZ Eia 


CONTENTS: J. R. Hackman and CG. Morris, Group © 


Tasks, Group Interaction Process, and Group Per- 
formance Effectiveness: A Review and Proposed 
Integration. J. R, Hackman and C. G. Morris, Group 
Process and Group Effectveness: A Reappraisal. L. 
R. Hoffman, Group Problem'Solving. L R. Hoffman, 
The Group Problem-Solving Process.. E. P. Hol- 
lander and-J. W Jullian,’ Studies In Leader Legiti- 
nay Influence, and Innovation. E. P. Hollander and 

Jullan, A Further Look at Leader Legitimacy, 


Influence, and Innovation. F. E. Fiedler, A Contin- 


Strategies. R., S Logan, An Instructihona! Systems 
Development Approach for Learning Strategies. J. 
W. Aigney, Leaming Strategles: A Theoretical Per- 
spective. H. Wagner and R. J. Seidel, Program 
Evaluation. 

1978, 256 pp., $15 00/£9.75 ISBN: 0-12-526650-2 


‘oa Model of Leadership Effectiveness. F. E. 


ledler, Recent Developments In Research on the 
Contingency Model. K L Dion et al., Why Do 
Groups Make Riskier Decisions Than Individuals? 
N. Miller, A Questionnalre In Search of a Theory. 
M. E. Shaw, Communication Networks. M. E. Shaw, 
Communication Networks Fourteen Years Later. N. 
E. Waxier and E. G. Mishler, Experimental Studies 
of Families. 


1978, 448 pp , $13.50/£8.75 ISBN: 0-12-091840-4 


| Current Topics In Membranes and Transport VOLUME 11. 
Coll Surface Glycoproteins: Structure, Blosynthesis, ‘and Blological Function 
Edited by FELIX BRONNER and ARNOST KLEINZELLER 


. ‘CONTENTS: A Rothstein, The Cell Membrane—A 
_ Short Historical Perspective. J. Sturgess et al., The 


Structure and Blosynthesis of Membrane Glycopro- 
telns. R. L Juliano, Techniques for the Analysis of 
Membrane Glycoprotets. J. R Riordan and G. G. 
Forstner, rae reat Membrane Enzymes. R. W. 
Compans and C. Kemp, Membrane Glycopro- 
telns of Enveloped Viruses. M. J. A. Tanner, Eryth- 


The Unity of the Senses. 


By LAWRENCE E. MARKS . 
A Volume in the COGNIT ION AND PERCEPTION Series 


The Unity of the Senses demonstrates that the 
senses of sight; heanng, taste, smell, touch, and 


` temperature are closely knit systems that bear many 


Important resemblances rather than belng separate, 


. Independent channels. The first part (Chapters 1-6) 


deals with sensory and perceptual phenomena, and 
explores in depth four central topics: the common 


Soclal Insects VoLUME1 
Edited by HENRY R. HERMANN 


CONTENTS: H R Hermann, Insect Scien 
Introduction. © K. Starr, Origin of Insect Sociality. 


| A Review of- Contemporary. Theory. F. M. Carpenter 


and H. R. Hermann, Antliqulty of Soclality In Insects. 
C.'B. Urbani, Territoriality in Social Insects. M. V. 


Brian, Caste Differentiation and Division ef Labor. 


Oceanog raphy: CONCEPTS AND HISTORY 


Edited by MARAGARET B: DEACON 
Volume 35 of Benchmark Papers In Geology 


-Instructions For Makin 


SECTION HEADINGS: Some Seventeenth Century 
Scientific Observations At 
Sea. Circulation of the Ocean. Tides Waves. Chem- 
Istry of Sea Water. Depths of the Ocean and the 
Sea Bed. Manne Biology. 


1978, 416 pp, $2500/£16.25 ISBN 0-12-786340-0 


rocyte Givesproieing: L A Culp, Biochemical De- 
terminants of Cell Adhesion. K. D. Noonan, Pro- 
teolytic Modification of Cell Surface Macromolecules 
Mode of Actlon In Stimulating Cell Growth. M. 
Letarte, Glycoprotein Antigens of Murine Lympho- 
cytes 


1978, 544 pp., $39.50/£25.65 ISBN: 0-12-153311-5 


perceptual uio of the senses; similarities In 
sensory experiences; common psychophysical prop- 
ertles; and common neural properties. In the sec- 
ond part (Chapters 7-8), the author examines how 
the unity of the senses reveals Itself In. language, 
especially in poetic. language. 

1978, 304 pp., $17.50/£17.35 ISBN: 0- 12-472960- 6 


R. H. Crozier, Genetics of. Soclallty. G. C Wheeler ` 
and J. Wheeler, Larvae of the Social Hymenoptera. 
D. H. Kistner, Soclal and Evolutlonary Significance 
of Social Insect Symbionts. 


_ 1976, about 450 pp., in preparation ISBN: 0-12-342201-9 


¢ 


Published by Dowden, Hutchinson and Ross, Inc. 


Distributed exclusively and worldwide 
by Academic Press, inc. 


For complete Information on the Benchmark Papers 
in Geology Seres, please write to Academic Press. 


Send payment with order and save postage and handling charge. 
Prices are subject to change without notice. 


ACADEMIC PRESS, INC. 


A Subsidjary of Harcourt Brace Jovanovich, Publishers. 
111 FIFTH AVENUE, NEW YORK, N Y. 10003 / 24-28 OVAL ROAD, LONDON NW1 7DX 
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UNIVERSITY COLLEGE 


LONDON 


DEPARTMENT. OF 
ANATOMY AND EMBRYOLOGY 


required to be in charge of a Noure 
chemistry z or yo rp 
roscarch group. iochemian joi 
knowledge of assay techniques ersen- 
tial. Part expersence with a 

catecholamines, s 
nucleotides, . te 
an ad This post is Grant- 


newal will be applied for. ies 
m £4,119 to i 
inclusive: af London Weighting 
3 wchnical Staff FB36), Uni- 


Officer 
Gower St, 
meray Collage “Land m MSHA) 





Bloc (or related subjects) of 
4i N.C. tn Medical Laboratory Sclancoe; 
laboratory cxperence would 


a rent from the M R. Salary ranse 
3,261 to £4,680 

Further dotalle and ton form 
mar ay eee ape 


Clauucal 
o Infirmary, Oxford 
OX2 6HE., Closing date for applica- 
tions September 21, 1978 ) 


z 
Soils and Plant Nutmtion Department 
for stodies on the major nutrients in 
grassland solis, 


ind ther effects on soils plants 
<nitlalty coentro on 
First or 
4J Second in 
or Soll Science and at loast 
wo years’ te ex- 
The appointment will be made in 
ho grades or 
Officer. 
At least fonr years’ post- 
paduate in Sol Sclence or 
redated sobject is required for 
1 torent 

E be af the 
vandiidete’s ablilty to oat re- 
at or level, preferably by 

‘eference to pu papers 
ona to qualifications 


nature CLASSIFIED ADVERTISEMENTS 


JEAN NEVILLE . (LONDON OFFICE) . 01-831 6901 MARY WADE . [WASHINGTON OFFICE) 
CONDITIONS. The Publisher reeerves the right to refuee, amend, withdrew 
and without explanation. All advertisements must comply with the Brosh Code of 
The Publishers wil not be Labie for any loss ocoessoned by the failures of any acvertieement to appes from any cause whatever, nor do they socept ability for printers 
errors, atthough every care is taken to avoid mustakee 

UK—-£6.65 per s.c. centimetre, Minumum 3 om. 60p is changed for the re-direction of replies to advertisements with a box number. 
USA and CANADA— $35 00 per mch. $3 bs oharged for the re-cirecton of repkes to advertisements with a box number. 

Rast of world—£6.65 per s.o. cemthmetre, Minimum 3 cm. 50p 1s charged for re-direchon of replies to advertisements with a box mumber. 
CANCELLATIONS MUST BE RECEIVED NO LATER THAN & p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 
ADVERTISEMENTS SHOULD BE ADDRESSED TO: Clasedied Advertisement Dept, Nature, 3 Dyers Buddinge, London, EC1N 2NR 
Telegrame. Phuss, London WC2R 3LF Telex: NATURE 262024. Washington Office, 711 Nevonal Prees Budding, Washington DC 20045 U.S.A (202) 737-2386. 





o otherwiee dee] with all ecvertisements submytted to han at hee absolute disoretion 
Actvertsing Practice. 





(202) 737-2388 


















HARVARD SUMMER THE UNIVERSITY UNIVERSITY OF LONDON 
SCHOOL COLLEGE OF WALES INSTITUTE OF NEUROLOGY 
POSITIONS IN BIOLOGY ABERYSTWYTH 


aro invited for Summer DEPARTMENT OF 
Introductory courses are emphareod AGRICULTURAL BOTANY 
with ty of intermediate offer- Applications art invited for the 






Coal Survey 
Specialists 


£7000-£8825 based Yorkshire 


The National Coal Board have opportuntties for 2 Coal Quality 
Scientists to work as part of a National Exploration team basedin 
Yorkshire which has the task of establishing the long term coal 
reserves of the nation. 


The main work will involve the synthesis of data from boreholes 
as exploration proceeds; the identification of those quality 
parameters to which the profitability of any coal mining venture 
would be most sensitive; and the evaluation of each prospect 
within both Its Regional and National exploration setting. The 
successful applicants will also participate in appraising the coal 
quality and utilisation aspects of the Board's major capitat 
Investments programme for the development of new capacity. 


Applicants should hold an honours degree in either chemistry, 
geochemistry, fuel technology or a related subject Experience In 
one or more of the following fields would be an advantage: fuel 
technology, coal analysis and utilisation, coal preparation, 
geological data analysis. 


A perlod of supervision and training will be given where 
appropriate. 
These are permanent positions within Headquarters Geological 


Branch with an inclusive salary range of £7000—£8825. 
Attractive conditons of employment. 


Please apply with full details to: 
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ROYAL 
MARSDEN HOSPITAL 
Fulham Road, London SW 
SCIENTIFIC OFFICER— 
IMMUNOLOGY 
£3,615 to. £5,034 








SENIOR 

MEDICAL OFFICERS : 
To advise on Chemical Contamination | . | Bi Xtiiesserotne ot met 
of food and environmental pollution participaron, im rosiocal and fae 








and information, New developm 
£12,730 oatods the, dentition of B 
- studies in eo Ceceses. j 
Application Forms from Perso 
The Department of Health academic worlds, There may also raran Tel. 352 8171 Ext. 447 Clo 
and Socia! Security Is increasingly be opportunities to represent the veptenber 17, 1978. 6O78 
active over a wide range of Department In International LABORATORY SCIENTIF 
Important and often controversial  dləcuselons. ee ee kn to work in 
“wider health” Issues. One Candidates must be fully Anatomy for three’ ywars to 
expanding area of concern Is the, registered as medical practitioners iro aa e a uaa 
ih T era in In the UK and preferably have the nervous system. Experience 
Ə environment r arücular experience In such areas as vo 
attention Is paid to food toxicology, blochemlstry, sila Omen hot sans thee A oT 
toxicity, cosmetics, toxicity of pathology and physiology. The Oi encon W y 
industria! chemicals, and the salary for these London posts is ae eee Ae So) riving Oe 
scientific aspects of smoking. £12,730, and there Is a non- the names of two referees 
Secretary, Guy's Popia Med 
There are now a number of contributory pension scheme. School, London. SE! ORT. Addith 
posts in thls expanding area for For further detalls and an Dea saiapromes aoe 
Senior Medical Officers to advise application form (to be returned pathology (Tel, 01-407 7600, ext. 33 
government on the medical by September 29 1978) write to ene 
Implications Involved and to Civil Service Commission, UNIVERSITY OF ABERDE 
assess data for consideration by Alencon Link, Basingstoke, DEPARTMENT OF 
apert advisory committees. The Hants RG21 1JB, or telephone NATURAL PHILOSOPHY 
work Involves consultation with Basingstoke (0256) 68561 SENIOR LECTURESHIP 
a range of Interested parties, (answering service operates Applications aro invited for 
including doctors and scientists outside office hours). Piease e Pultaeohs nag te 5 


working In the industrial and quote ref: §/9896/4. 6061 (A). well qualified for research and um 





per annum, o 
Federal Republic of German Furie Ton 
THE HOSPITALFOR SICK CHILDREN || RESEARCH BIOCHEMISTS | Sa on as A e 
GREAT ORMOND STREET PA E shouk! bo. by October 1, 1$ 
LONDON WCIN 3BR i IN THE DEPARTMENT OF ASSISTANT PROFESSOR 

A TWO-YEAR APPOINTMENT tr 
= The Department of Biology, l 
T : appointment for the.study of GLC methods eed "in a De, arean of oloon 
wo-year appo ent for the. yo me methods or y 
for urinary catecholamine metabolites. In connection ` ay oes. ber, | 1979, Peetdocioral experiones 
with the diagnosis and treatment of tumours in children. of an, arudelal liver system Mates should send a. curctoul 
Whitley Council conditions up to 3rd point on MLSO Hector ai ani ind have thros lot ot of fooomined 

ale Poe T i Search Cor atic. ta 

Enquiries to Dr Seakins 01-242 9789 Ext: 13. ee Biolory, Gilmer Hall, Üniv 
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LECTURER GRADE 2 aes dota < ae eo = e and ve 
AGRICULTURAL BOTANIST oaa eiat ihe | alpa ot peman sod Ta 
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Further details and application form from a ena Podbiciskistr. | genetics Unit, Crewe Road, l 

70 380, D3000 Hannover, BURGH 4. Closing date for 
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THE QUEEN’S 
UNIVERSITY OF 
BELFAST 
POSTDOCTORAL 


RESEARCH ASSISTANT 
DEPARTMENT OF APPLIED 
MATHEMATICS AND 
THEORETICAL PHYSICS 


A postdoctoral research assistant 
is required to work on the theory 
of resonant multiphoton processes 
{particularly multiphoton  ionisa- 
tion) with Dr S. Swain, The basic 
requirement is a good working 
knowledge of quantum mechanics; 
experience in quantum optics 
would be an advantage but is not 
essential, 

The appointment which is funded 
by the S.R.C, is for a period of 
twelve months at a salary of 
£3,660 (with U.S.S.). 

Curriculum vitae and the names 
and addresses of two referees 
should be sent as soon as possible 
to the Personnel Officer, The 
Queen’s University of Belfast 
BT? INN, N. Ireland. 7043A) 





UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF 
INORGANIC, PHYSICAL AND 
INDUSTRIAL CHEMISTRY 


POST-DOCTORAL 


RESEARCH IN POLYMER 
SCIENCE 
Applications are invited for the post 
of Senior Research Assistant, to work 
with Dr G. C. Eastmond on the 
dynamic-mechanical properties of 
multicomponent polymers. Work will 
involve installation of equipment, 
establishment of experimental tech- 
niques and application to the study 
of .molecular motions in multi- 
component polymers of known 
chemical structure and morphology. 
Applicants should have relevant ex- 

perience. 

The post, tenable immediately, is 
available for a maximum period of 
two years. The starting salary will be 
£3,883 or £4,133 per annum plus 
U.S.S. benefits. 

Applications, together with the 
names of two referees, should be 
received not later than September 29, 
1978, by The Registrar, The Univer- 
sity, P.O. Box 147, Liverpool L69 


3BX, from whom further particulars | 


may be obtained. Quote Ref: 
RV/921/N. 7O49( A) 


MEDICAL RESEARCH 
COUNCIL 
TOXICOLOGY UNIT 


PHARMACOLOGIST/ 
PHYSIOLOGIST 


required as part of a long-term pro- 
gramme to build up expertise for 
studies of the mechanism of action of 
toxic substances on specific organs or 
preparations in vive and in vitro, He 
wil have opportunities for inter- 
fisciplinary studies with other mem- 
sers of the staff as well as detailed 
liscussions with Professor E. Zaimis 
ff the Department of Pharmacology, 
toyal Free Hospital Medical School. 
Che post will be a three-year post- 
loctoral temporary appointment, 
Apply in writing by the end of 
ieptember enclosing a full curriculum 
tae to Dr W. N. Aldridge, Toxico- 
ogy Unit, «Medical Research Council 
vaboratories, Woodmansterne Road, 
-arshalton, Surrey SMS 4EF. 
7O048(A) 


ASSISTANT PROFESSOR 
BOTANY 


The Department of Biology, Univer- 
ity of Virginia is seeking candidates 
3 the areas of molecular, cellular or 
evelopmental botany for an assistant 
rofessorship for September 1979. 
ostdoctoral experience is highly 
esirable. By November 1, 1978, 
andidates should send a curriculum 
tae and summary of research plans 
id have three letters of recommenda- 
on sent to: L. f. Rebhun, Faculty 
arch Committee, Department of 
iology, Gilmer Hall, University of 
irginia, Charlottesville, Va. 22901. 
n Affirmative Action/Equal Oppor- 
nity Employer. 6094 


CSIRO 
AUSTRALIA 


Research Scientist or 
Postdoctoral Research Fellow 


Australian Numerical Meteorology 
Research Centre Melbourne VIC 


CSIRO has a broad charter for research into primary and secondary industry areas. The 
Organisation has approximately 7,000 employees—2,400 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia. 


Field: 


Tropical Meteorology/Dynamic Meteorology. 


General: 


The Australian Numerical Meteorology Research Centre is a joint venture of the CSIRO and the 
Department of Science (Bureau of Meteorology). The Centre's research consists of studies of 
the behaviour of the earth's atmosphere, with emphasis on general circulation, directed towards 
improvement in the accuracy and time scale of weather forecasting, and towards im@povement 
in understanding the distribution and variations in climate on the earth. 


in this context the Centre is especially interested in developing an improved understanding of 
the physical mechanisms associated with interannual variability and particularly the formation 
and maintenance of droughts, and has an established modelling commitment directed towarels 
this goal. The Centre is anxious to increase this commitment through the appointment of an 
additional scientist specialising in either the modelling of interannual variations of the large . 
scale global circulation, or the special role of low latitude processes as a determining factor in 
climate variations. Access is available to the computing facilities of both the CSIRO and the 
Bureau of Meteorology, and a variety of large scale models developed at the Centre. 


Duties: 


To conduct appropriate experiments with atmospheric models consistent with the Centre's 
research goals, and to develop improved models suitable for studying seasonal variations of the 
large scale global circulation. 


or 


To assess through a combination of modelling experiments and observational studies the role of 
low latitude processes in determining variations in the large scale atmospheric circulation. 


Qualifications: 


Applicants should have a Ph.D. degree relating preferably to tropical meteorology or dynarnic 
meteorology or postgraduate experience of equivalent standard and duration, supported by 
satisfactory evidence of research ability. 


Salary: 


Research Scientist: $A14,829-$A18,177 p.a. or Senior Research Scientist: $418,819-$A21,543 
p.a. Scientists with considerable experience and outsfanding ability should not be deterred fram 
applying as appointment at a higher level and salary would be considered. 


Tenure: 


Either: (i) an indefinite appointment as Research Scientist 
or (ii) a fixed-term appointment as Post-Doctoral Research Fellow, may be negotiated. 
Both carry Superannuation benefits. 


Applications /V DUPLICATE, stating FULL personal and professional details, the names and 
addresses of at least two professional referees, and QUOTING REFERENCE NUMBER 424/28 
should reach The Personnel Officer, Australian Scientifc Liaison Office, Canberra House, 
Maltravers Street, LONDON, WC2R 3EH by October 7 1978. 


Applications in U.S.A. and Canada should be sent to: The Counsellor (Scientific), Embassy of 
Australia, 1601 Massachusetts Avenue, N.W., WASHINGTON, D.C., 20036, U.S.A. 7OIG(A) 





Nature Conservancy Council 
(Commissioned Research - 2 year posts) 


Scientific Officers (8) and 
Higher Scientific 
Officers (2) 
Salary: Scientific Officer £2,839* 
Higher Scloatifio Officer £4,101 
*The Officers based In London will also qualify for 
Inner London Welghting, le, £465 per annum. 
Applications are Invited for the following contract 


posts In the Nature Conservancy Councll, each for 
a fixed period of two years. 


1) Invertebrate Surveys of (a) Somerset 
Levels and (b) Marshes In Kent and Sussex 
Two survey teams are to be set up, one for each 
of the above areas. Each team will require two 
entomologists (1 freshwater and 1 terrestrial) and 
a botanist: one of the entomologists acting as a 
Team Leader (HSO) and the other two posts (SOs) 
In support 
‘2) Collation and Assessment of Species and 
Data for Invertebrates 
Four Scientific Officers, based In Scotland (Edin- 
burgh), Walee (Bangor) and England (2) (London) 
are required. Officers will not, however, work In 
complete isolation, as it will be necessary to have 
some cross flow of data, etc. 


Age and Qualifications: Candidates should have 

a first or second class honours degres, or equivalent, 
preferably In botany or zoology. 

Scientific Officer: Candidates should be under - 
27 years of age. ° 

Higher Scientific Officer: Candidates should be 
‘Tinder'30 years of age and have at least two years 
relevant postgraduate experience. 

All posts involve a certain amount of travelling, 
therefore, possession of a current driving licence 
would be an advantage. 

Application forms and further details are available 
from Miss S Jones, Recruitment Section, Nature 
Conservancy Council, Godwin House, George 
Street, Huntingdon, Cambs. PE18 6BG (Tel. 
0480 66191). Closing date for completed application 
forms Is 6 October 7978. 6063(A) 





SCIENCE RESEARCH COUNCIL 


FELLOWSHIPS 
and 


OVERSEAS (NATO) FELLOWSHIPS 
AND STUDENTSHIPS 


lications for SRC Fellowships and Overseas (NATO) 
wships and Studentships commencing in 1979 should be 
made to the Science Research Council, PO Box 18, Swindon 
SN2 1ET. 
For application forms telephone: 
Swindon (0793) 26222, Ext. 2172 
Closing date for baa 


Senior Fellowships — ‘November 30, 1978 
Advanced Fello : September 30, 1978 
Postdoctoral Fellows i : January 31, 1979 
Industrial Visiting Fellowships : Apply at any time 
Overseas (NATO) Fellowships: 

In Europe 


Outside Europe 
Overseas (NATO) Siada 
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GERMAN CANCER 
RESEARCH CENTER 
POSTDOCTORAL 
RESEARCH ASSISTANT 


RNA tumor viruses 
The work involves studies on the 


about DM2,900 to DM3,100 per month 
for an appointment of two years, Send 
applcation with currculum vitas and 
telephone number and addres from 
two reference; to Dr Thomas Graf, 
Institut fur Wirusforschung, Deutsches 
Krebeforachungerentrum, Im Nove. 
hemmer Feld 280, 6900 Hesdelberg. 
702 1¢(A) 


THE MACAULAY 
INSTITUTE FOR SOIL 


to £4,415 per annum, according to 
qualifications. Non-coatnbutory Super- 
annuation Scheme operaetrve. 

For imiti treming the successful 
canixiate may be posted to vartous 
areas Ín Scotland and thoroafter 
stationed at a docentralised Soil Sur- 


foation and farther 
obtained from The 


should 
be returned before September rhs 
(Quote Ref, 78/24,25,.26).  TO47(A 


SALFORD AREA 
HEALTH AUTHORITY 
(TEACHING) 
HOPE HOSPITAL, 
(Unrveraty of Manchester 
School of Medicine), 
Eccles Old Road, 
SALFORD M6 8HD 


RESEARCH 


TECHNICIAN 


required for the recently formed 
Department of Rheumatology The 
0b will involve the goneral running 
of the laboratory and assistance 
with research into immunological 

of rheumatoid and other 

tory condriions, Experr 
ence if tue culture and/or 
mnmunological techniques would be 


pref: 
Salary will depend oe aera 


Eon can be obtained from the 
Sector Adminmtrator Tel No 
789 7373 Ext. 202 to whom they 
should be returned by September 
15, 1978. TOST(A) 


UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF 
MOLECULAR BIOLOGY 

Applications aro Invited for two 
ape hd ado research positions. 
concerns the biochemical 

bane Be regulation of conjugation 
lasmuids, and iw for a 


a period of one year beginning 
January 1, 1979 Salares for both 
positions will be on Reacarch 
Range 1A at points commensurate 
with age and expenchce. 
Applications to, and further 
details from, Dr N S$ Wiulletta, 
Departmént of Molecular Biology, 
Univermty of Edinburgh 
burgh EH9 
Referenc: 5027 R. 








UNIVERSITY OF BRISTOL 
DEPARTMENT OF 
PHYSIOLOGY 


Ge e 
has a ot a 


RESEARCH ASSISTANTSHIP 
to the Department a E ania for 
0 mochan- 


1B, £3,189 to £4,601 (under review). 
The appointment will be for 3 years 





UNIVERSITY OF OTAGO 
OTAGO HOSPITAL BOARD 
Dunedin, New Zealand 
SENIOR LECTURER 
IN MEDICINE 
(Infectious Diseases) and 
CLINICAL MICROBIOLOGY 
Applications are invited for the 


ion of Senior fn 
edicine (Infectious In tho 
Department of Medicine, nrrersity 


pending. 
To compensate for pan responsi- 
bility, an allowance not exceeding 10% 


from the Association ae Goin 

woelth i paler a E 

riper ip rieh A Þe, or ge 
Rogutrar of the University, Box 

se Dunedin. 


‘Applications close on October 31, 
1978. T063(A) 





UNIVERSITY OF NATAL 
DEPARTMENT OF 
BIOCHEMISTRY 
Pietermaritzburg 

Applications aro invited = from 

regardless of 


nan qualified persons 
n, race, colour or national 


Baan. for appointment to the post of 
SENIOR TECHNICIAN 


Experience with a rango of bio- 
chemical techniques such as chroma- 


> 


a knowledge of 


advantage. 
een weer T 


25,820 by 240 to R6 by 360 
to R6 us 15 per cont 


experience of the 
In acklition, an annual vacation zee 
bonus w payable, subject to Treasury 
roqulationa. 

Appleation forme, further particulars 
of the a information on eae 

grou apps ae 

panier, eae robetdy 
schemes, long leave eee 
travelling expenses on first sae ere 
are epee Tom PO. Resimi 
Univeruty of , 
Pietermaritzburg, 4300, th Africa, 
with whom 
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IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for two 
osts in a new, well-equipped research 


roup investigating cell membrane 
iseases? 
1. RESEARCH 
TECHNICIAN 


(Grade 3) 


or biochemical investigations of 
‘ythrocyte membrane proteins, par- 
icularly those affected by hereditary 
pherocytosis. A sound biochemical 
mackground and previous experience 
n protein chemistry, electro-phoresis 
ind chromatography are desirable. 
teference DMS-RT3. 


2. RESEARCH 
TECHNICIAN 
(Grade 5) 


‘or studies involving the growth in | 


culture of muscle cells from normal 
md dystrophic animals, and their 
jreparation for electron microscopic 
“xamination by the freeze-fracture 
echnique. Previous experience in 
‘issue culture and/or electron micro- 
xcopy is highly desirable. 
DMS-RTS. 

The appointments are initially for 
me year, extendable subject to cor- 
Hinuing support from granting agencies. 
Starting salaries are £3,153 and £3,651 
respectively, including London Weight- 
ing. 

Write or telephone for an applica- 
tion form to the Departmental 
Superintendent, Biochemistry Depart- 
ment, Imperial College; London SW7 
ZAZ. (TeL 01-589 S111 Ext. 
quoting the appropriate reference. 

E GODTA) 
renee NTrraTIn'w rrr D0 TTT EEA AATE AA RA 

UNIVERSITY OF THE 
WEST INDIES—JAMAICA 

Applications are invited for the 

following posts: 


PROFESSOR /SENIOR 
‘LECTURER IN PHYSICS. 


The appointment to be made is in | 


the field of Materials Science. The 
appointee is expected to continue to 


shape and teach undergraduate as well | 


as ‘“‘projected’’ graduate courses; he/ 


she will also be expected to lead in ) 


the further development of research in 
the area of Materials Science. Indus- 
trial experience will be an advantage. 


LECTURER IN ZOOLOGY 


While applications are invited in any 
fied of Zoology preference may be 
given to a well-qualified applicant with 
interests in parasitology. 

Salary scales: Professor J$17,166 to 
J$21,251 p.a.; Senior Lecturer 3$12,066 
to J$16,783 p.a. (£1 sterling== J$2.99). 
F.S.5.U.; Study and Travel Grant. Un- 
furnished accommodation will be let 
by the University at a rental of 10% 
of salary or a housing allowance of 
20% of salary will be paid. Famil 
passages. Detailed applications (< 
copies) including a curriculum vitae 
naming three referees should be sent 


direct to the Registrar, University of | 


the West Indies, Mona, Kingston 7, 
Jamaica, as soon as possible. Appli- 
zants resident in the U.K. should also 
send one copy to Inter-University 
~ouncil, 90/91 Tottenham Court Road, 
~Gnidon WIP ODT. Further details 
may be obtained from either address. 
TOOL(A) 


RESEARCH ASSISTANT 

Graduate required to join a team 
oF scientists investigating basic aspects 
of cardiac biochemistry and physiology. 
& training in physiology or bio- 
chemistry and experence in spectro- 
paciometry, tissue metabolite analysis 
OF organ perfusion 
acvantageous. The research unit is 
scaled in the new Rayne Institute and 
appointments will be made through 
St Thomas's Hospital Medical School, 

Applications together with a 
curriculum vitae should be sent to 





Dr D, J. Hearse, The Rayne Institute, 


St Themas's Hospital, London SEI. 
FOIICA) 


Reference | 


HIS | 


would be | 
















organisations. 


The man or woman appointed will be expected to take part in 
the practical aspects of research and development work under 
the supervision of experienced scientists and technical staff. A 
recent graduate with a first or second class honours degree in 
science or engineering is envisaged for this post. The 
appointment will be made initially at Scientific Officer level (salary 
in the range £2,839 - £4,415) according to qualifications and 


experience. 


Background Information 

Daresbury Laboratory is situated in a pleasant area of Cheshire 

and embraces a wide range of scientific disciplines. There is a 

well established computational science and theory group which 
interacts strongly with the experimental groups, and thus the 
person appointed will have every opportunity of developing his/her 
expertise and knowledge in a variety of subjects. In particular, the 
Synchrotron Radiation Source will be used by over 100 research 
teams from UK Universities for experiments in physics, chemistry 


and biology. 


Closing date: 29 September 1978 


Please write or telephone Warrington 65000, Ext. 467, for an 
application form quoting reference number DL/637k to: 


The Personnel Officer 


DARESBURY LABORATORY 


Science Research Council 
Daresbury, Warrington WA4 4AD 







GRADUATE OR POSTDOCTORAL 
RESEARCH ASSISTANT required for 

1} years in the Department of Micro- 
biology for an M.R.C, research project 
on cytomegalovirus immunovirology. 
Laboratory experience in virology 
essential. 

Applications, with full curriculum 
vitae and the names of two referees, to 
the Secretary, Guy's Hospital Medical 
School, London Bridge SEI ORT, 
quoting Ref. M.C.2. 6076(A} 


SCIENCE 
GRADUATES- 


A CAREER IN 
EXPERIMENTAL 
PHYSICS? 


The Vacancy 


The Daresbury Laboratory has a vacancy for a young 
experimental physicist to assist in the preparation of equipment 
for the synchrotron radiation source which will commence 
operations during 1980. This preparatory work covers the design 
of beam lines for both UV and X-ray applications, the 
development of new instruments for the production of 
monochromatic radiation and the impiementation of 
experimental programmes by Universities and other research 





607 1{A} 


| SENIOR MEDICAL LABORATORY SCIENTIFIC OFFICER | 


required in Medical Unit for research programme relating to kidney disease | 
and hypertension. Applicants should be State Registered, have a knowledge | 
of techniques used im biochemical and radio-immunological assays and be | 
prepared to undertake biological assays. 
Salary within scale £4,347 to £5,769 pa., plus £354 pa. Londen Allowance, 
This is a re-advertisement and previous applicants need not re-apply. 
Apply in writing with curriculum vitae and two referees i secretes. | 

i r x o refe e The Secretary, | 

St. Mary’s Hospital Medical School, Paddington, London W32 IPG, Siete 
TO66(A) | 


Ref. N/S/MU. 





Pharmacist 


Control of sterile medical products 
(up to £7,525) 


The Scientific and Technical Branch of DHSS provides 
scientific, engineering and other professional services essential 
to the provision of medical apparatus, instrumentation and 
supplies to hospitais. 


Joining a team which provides advice on, and assesses the 
safety and quality of, sterile medical products and devices used 
in the NHS the successful candidate will be concerned with the 
evaluation and contro! of sterile medical devices. Assessment 
covers mechanical performance, good manufacturing practice, 
sterilization and packaging. The work includes inspecting and 
advising on the manufacturing facilities in the UK and overseas 
and involves close liaison with medical and other professional 
staff in hospitals and industry. 


Candidages must have a degree, or an equivalent qualification, 
in Pharmacy or a closely related field, and have relevant 
professional experience. A knowledge of plastics and familiarity 
with the production, assembly and packaging of sterile medical 
devices advantageous. 


Starting salary between £6,200 and £7,525 depending on 
qualifications and experience. Promotion prospects. Non- 
contributory pension scheme. 


For application form (to be returned by 28 September 1978) 
write to Civil Service Commission, Alencon Link, Basingstoke, 
Hants. RG21 1JB8, or telephone Basingstoke (0256) 68551 
(answering service operates outside office hours). Please quote 
1/9904/3. 


Department of Health and Social Security, London. 6066(A) 





Applications are invited for the following post: 


FACULTY OF SCIENCE — WEST HAM PRECINCT 
Department of Paramedical Sciences 


LECTURER II IN MICROBIOLOGY WITH SPECIAL 
INTEREST IN FOOD MICROBIOLOGY 


to teach General Microbiology and Food Science or Food 
Technology or Food Microbiology on the following courses, 


B.Sc. Applied Biology (Sandwich) 
B.Sc. Applied Biology (part-time) 
HNC Applied Biology 

HND Applied Biology 

B.Sc. Life Sciences (part-time) 
Other Special and Short Courses 


Research on an individual or group basis will be encouraged 
and the sucessful applicant will be expected to contribute to 
course development. 


(Temporary post available vice permanent appointment with 
effect from 1.9.78) (Ref. S/CF. 142) 


Salary Scale: 
Lecturer II: £4,101 to £6,558 per annum 


Further details and application form from: 


The Senior Academic Personnel Officer (2) 
North East London Polytechnic 

Forest Road 

London E17 43B 

Telephone: 01-527 2272 (Extension 20). 


Closing date: September 22, 1978. 6081(A) 
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UNIVERSITY OF RHODESIA 
CHAIR OF PHYSICS 
Applications are invited for the post 
of Professor and Head of the Depart- 
ment of Physics, which will become 
vacant on December 31, 1978 Appii- 
cants should have held a senior uni- 
versity appointment in Physics and 
have displayed marked ability in both 
teaching and research. They should 
preferably have an interest im geo- 
physics as well as classical physics, 
Since much of the advanced teaching 
and research undertaken by the Depart- 

ment lies in the former area. 

Salary Scale: £10,474 by £394 to 
£12,444 (Approx. Sig. equiv.). 

Appointment will be on permanent, 
pensionable terms and these include: 
family passages and allowance towards 
transport of effects; installation foan 
of up to half of one year's salary if 
required; unfurnished University ac- 
commodation guaranteed for a period 
of at least three years for persons 
recruited from outside Rhodesia; sab- 
datical leave and biennial visits with 
travel allowances; superannuation and 
medical aid schemes. 

Applications: (6 copies} giving full 
details of personal particulars, qualifi- 
cations, experience, research, publi- 
cations together with the names and 
addresses of three referees should be 
sent {to the Assistant Registrar 
(Science), University of Rhodesia, P.O. 
Box MP 167, Mount Pleasant, Salis- 
bury, Rhodesia. Overseas applicants 
should send an additional copy to 
Association of Commonwealth Uni- 
versities (Appts.), 36 Gordon Square, 
London WCIH OPF. Further particu- 
lars may be obtained from either of 
the above, 

Closing date for receipt of appli- 
cations: September 15, 1978, but will 
be accepted for a further 14 days. 

British subjects considering applying 
for posts in Rhodesia are urged to con- 
sult the Foreign and Commonwealth 
Office (telephone 233 4143) or their 
nearest British Consular Office. . 

TOOO(A) 





UNIVERSITY OF KENT 
AT CANTERBURY 
EXPERIMENTAL OFFICER / 
SENIOR EXPERIMENTAL 
OFFICER IN ELECTRONICS 
Applications are invited for the post 
of Experimental Officer/Senior Experi- 
mental Officer to operate and develop 
solid state equipment, clean air suites 
and a 2 Mv Van der Graaf generator 
in the Electronics Laboratories. Appli- 
cants should have a degree in 
Electronics or a related subject but 
other candidates with relevant experi- 
ence will also be considered. Salary 
scales: £3,189 to £5,282 and £3,660 to 

£6,178. . 
Application forms and particulars 
may be obtained from the Senior 
Assistant Registrar, Faculty of Natural 
Sciences, Chemical Laboratory, The 
University, Canterbury, Kent CT2 7NI 
tc whom completed applications should 
be returned by September 29, 1978. 
Piease quote ref: A31/78. TOIM A) 


THAMES POLYTECHNIC 
SCHOOL OF BIOLOGICAL 
SCIENCES 


RESEARCH 
IN MICROBIAL GENETICS 


Applications are invited from good 
honours graduates for the post of 
M.R.C. Research Assistant to Dr A. 
Vivian to werk on the genetics of 
Acinetobacter calcoaceticus, This is a 
three year project funded by the 
Medical 
appointment is for a limited period 
(maximum three years). The successful 
applicant will be registered with the 
C.N.A.A. for a higher degree. 

Salary: £3,015 to £3,189 inclusive. 

Further particulars and form of 
application may be obtained from the 
Staffing Officer, Thames Polytechnic, 
Wellington Street, London SE18 6PF, 
to whom completed applications should 


be returned by September 19, 1978. 
6080(A) 





Research Council and the | 


SCOTTISH 
HORTICULTURAL 


RESEARCH INSTITUTE 
INVERGOWIE, DUNDEE 
DD2 5DA 


SCIENTIFIC OFFICER 

A Scientific Officer is required in 
the Zoology Section to study the 
nature of tolerance in potatoes to 
potato cyst nematodes. Applications 
are invited from persons with 
training in plant physiology, plant 
pathology or nematology. 

The project is financed by the 
Potato Marketing Board for a 
period of three years and the suc- 
cessful candidate may have the 
opportunity to work for a higher 
degree. The minimum qualification 
is an Upper Second Class Honours 
degree. 

Salary: £3,294 to £3,587. Addi- 
tional Increments may be awarded 
for relevant post-qualifying experi- 
ence, 

Further particulars may be 
obtained from the Seeretary of the 
Institute with whom «applications 
naming two referees and stating 
age, education and experience 
should be lodged by September 30, 
1978, T044(A) 


UNIVERSITY OF 
EDINBURGH 
RESEARCH FELLOW ON 
THE CELL CYCLE 


Applications are invited for the pos! 
of Postdoctoral Fellow (Researct 
Fellow) to work in the Department of 
Zoology under the direction of Pro 
fessor J. M. Mitchison, The researct 
would be on the biochemistry anc 
genetics of the yeast cell cycle, anc 
applicants will be favoured if they 
have had experience in either genetic: 
or biochemistry of yeast. 

This post is financed by a Science 
Research Council grant and the salary 
would be on the Research Range IA 
starting at not more than point 3 


Applications should be sent to Pro 
fessor J. Mitchison, Departmen 
of Zoology, West Mains Read, Edir 
burgh EHS 3JT, giving the names © 
two referees. The closing date i 





September 30, 1978. Please quote 
reference 5021. 7O56(A) 
AGRICULTURAL 


RESEARCH COUNCIL 
INSTITUTE OF 
ANIMAL PHYSIOLOGY 


Babraham, Cambridge CB2 4AT 


A vacancy exists for a Scientidc 
Officer with experience in biochemical] 
techniques to join a small researc 
group studying gene expression in Te- 
productive tissues particularly with 
respect to the hormonal regulation ol 
specific proteins. Research techniques 
will include nucleic acid hybridiza anc 
cell-freeze protein synthesis, Qualifica- 
tions required are: Pass degree, H.N.C. 
or equivalent, Salary in S.O. scale 
(£2,839 to £4,418 pa.) according te 
qualifications and experience. Non- 
contributory superannuation scheme. 
Applications to the Secretary of the 
Institute by September 14, 1978. 
Quote Ref. ARS 9. FO2ZTCAY 





FRESHWATER 


BIOLOGICAL ASSOCIATION 
WINDERMERE LABORATORY 


ASSISTANT LIBRARIAN/ 
INFORMATION SCIENTIST 


Applications are invited from 
graduates in information science, a! 
science graduates with a qualification 
in Librarianship, for the above pos 
which is to strengthen the Association's 
library and information services. The 
post will be graded as Assistant Lib- 
rarian (£3.113 to £4,579 per annum). 
and conditions of service will he 
generally similar to those of the Civi! 
Service, Full details and applicatior 
form may be obtained from th 
Secretary, Freshwater Biological Asso 
ciation, The Ferry House, Ambleside 
Cumbria LA22 OLP. Closing date 
September 30, 1978. TOSCA) 
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“BIRKBECK AND IMPERIAL 
COLLEGES 
(University of London) 
RESEARCH OFFICER IN 
MOLECULAR COMPUTER 
GRAPHICS 


Applications are invited for a three- 
year post funded by the Science Re- 
search Council to work jointly with 
Professor D. M. Blow and Professor 
T. L. Blundell in the development of 
interactive computer graphics for 
structure analysis of biological systems 
including proteins, drug molecules and 
macromolecule-water interactions. 

The hardware includes an Evans 
and Sutherland Picture System H 
driven by a PDP11/60 computer linked 
to an IBM70/165 mainframe com- 
puter. 

Appicants should have postgraduate 
experience in computing, structure 
analysis or related fields. 

Salary according to qualifications and 
experience, within Grade 1A; entry 
point not exceeding £4,408 plus Lon- 
don Weighting £450. 

Applications to Professor T. L. 
Blundell, Department of Crystallogra- 
phy, Birkbeck College, Malet Street, 
London WCIE 7HX, telephone no. 
01-580 6622. FOO2(A) 





R & D Managemen 
In Agrochemicals 
South East England from £10,000 plus car 


A Research Manager and a Development Manager are required to join the senior tearn i 
directing the substantial R & D effort of one of the UK's foremost agrochemical businesses. A i 
division of a well-known British company and part of one of the world’s ten largest chemical l 
groups, the business has a fine reputation for research-led product innovation and an f 
impressive record of export achievement. The Division has its own excellent research facilities 
located in a pleasant part of South East England and has ready access to the considerable 
resources of the parent organisation. Both managers will report to the Research & 
Development Manager. There are good prospects of career progression within the company. 


Research Manager 
This post carries responsibility for identifying maintenance of good relationships with 
viable research topics and for the planning, researchers both within the parent — 
direction and co-ordination of departments organisation and at universities and other E 
comprising multi-disciplinary teams. research establishments. Probably aged 35 E 
Scientists in each team are engaged inthe or over, candidates, men or women, must 
chemical synthesis and biological testing of have spent a minimum of 8 yasarsin 
novel chemicals in the search for new agrochemical or pharmaceutical research 
herbicides, insecticides, plant growth and have a record of successful discovery. 
regulators and fungicides which show Experience of directing the work of other 
sufficient promise to progress to the scientists is essential as is the possession of 
development stage. The Research Manager ahigher degree in chemistry, biochernistry or 
will also be responsible for liaison with other biology. 
departments within the Division and the PA Personnel Services Ret; TE54/6539/N 


owen tA Ont pewter eNotify onan A aM tr ake ceREY EMME AMI RAO 


ganana annaragna 


CENTRAL 
HAEMATOLOGY 
LABORATORY 


Inselspital, Berne, Switzerland 
Applications are invited for 
the post of 


RESEARCH BIOCHEMIST 
(POSTDOCTORAL _ 
RESEARCH FELLOW) 


J for a period of two years from 


i November I, 1978. The project is 


4 concerned with the relationship 
between structure and function of 
fibrinogen or factor VHI. Candi- 
dates should have experience in 
biochemistry of biological macro- 
molecules. Salary will be approxi- 
mately SFR. 3,000 per month 
before taxes. ; 
Applications, including a cur- 
riculum vitae and the names of 
two referees, should be sent to Dr 
M. Furlan, Hamatologisches Zentral- 
labor, Inselspital, CH-3010 Bern. 
7050( A) 


Development Manager 


Through a team of departmental heads the liaison with other senior managers in the 
Development Manager will control the work Division is entailed. Candidates, men or 

of a large group of scientists and support women, probably aged 35 or more, must 
staff. These are engaged in the field testing of have spent at least 8 years in the 

active compounds to determine their efficacy agrochemicals ind ustry and have experience 
and crop safety, and the appropriate method in directing the work of other scientists. A 

of application. Field experiments and trials degree in agriculture, chemistry, | 
are organised both in the UK and overseas biochemistry or biology would be the 

and the Development Manager will be minimum qualification. 

involved in regular overseas visits. Close PA Personnel Services Ref: TE54/6540/N 
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ROCHE 
RESEARCH INSTITUTE OF 
MARINE PHARMACOLOGY 


invites applications 
for the position of 


SENIOR MARINE BIOLOGIST 


The Roche Research Institute of 
Marine Pharmacology has been estab- 
lished at Dee Why, N.S.W., Australia 
to investigate the chemistry, chemo- 
therapy and pharmacology of natural 
products from marine organisms. _ 

Applicants for the position of Senior 
Marine Biologist should hold a post- 
graduate university degree, or its equi- 
valent, with a major specialisation in 
marine zoology, botany or biology, 
and possess an extensive knowledge 
of, and interest in, marine organisms 
and their habitat. Qualification and 
experience in scuba diving would be 
an advantage. 

This appointment will be the senior 
oosition of the marine biology staff 
csensisting of three graduate scientists. 
The senior marine biologist will or- 
ganise and co-ordinate the collecting 
activities for the Roche research in- 
stitute and must be able to collaborate 
wih research scientists within the 
nstitute and with collectors in the 


An ability to read French and German would be useful. The salary for each appointment is 
negotiable within a range starting at £10,000 per annum. A caris provided and the usual large 
company benefits apply including assistance in relocation where necessary. 


Initial interviews are conducted by PA Consultants. No details are divulged to clients 
without prior permission. Please send brief career details or write for an application 
form, quoting the reference number on both your letter and envelope, and advise us if 
you have recently made any other applications to PA Personnel Services. 


PA Personnel Services 


Hyde Park House, 60a Knightsbridge, London SW1X 7LE. Tel: 01-235 6060 Telex: 27874 


AAAA aman ara a 
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THE UNIVERSITY OF 


UNIVERSITY | UNIVERSITY OF GLASGOW 


eid. The senior marine biologist may 
required to spend extended periods 
kway from Sydney, establishing areas 
and facilities for collection. 

An attractive salary will be nego- 
dated according to qualifications and 
experience. Generous superannuation 
genmefits are available, 

_ Applications, together with support- 
mg statements from two referees, 
should be forwarded to the Director, 
Roche Research Institute of Marine 
Pharmacology, P.O. Box 255, Dee 
Whr, NSW, 2099, by Friday, October 
46, 1978. 6089(A) 





MANCHESTER 
RESEARCH ASSISTANT 
IN PSYCHOLOGY 


Applications are invited for this post 


from graduates in Psychology, The 
work will be concerned with cognitive 
development in young children. The 
appointment will initially be for a 
period of two years, Salary range pa.: 
£3.660 to £4,365. Superannuation. 
Applications, naming two referees. to 
M. S$. Halliday, Department of Psy- 
chology, The University, Manchester 


OF CAMBRIDGE 
DEPARTMENT OF PATHOLOGY 
TECHNICIAN 
required from November | for work 
on project involving the cultivation of 
trypanosomes for genetic and imm- 
munochermical studies. Qualifications 
HNC or equivalent. Experience of 
tissue culture techniques and practical 
biochemistry advantageous, Post funded 
from outside sources until September 
30, 1981. Salary range £2,959 to £3,409. 
Applications in writing to The Superin- 
tendent, Department of Pathology, 


Tennis Court Road, Cambridge CB2 


ESA Saree et 


DEPARTMENT OF 
VETERINARY PATHOLOGY 

Applications are invited from pre 
or posidoctoral graduates with im- 
munological training to work on a 
project concerning the immunoregula- 
tion of IgE. The position, which @ on 
salary range JA for research stall, is 
funded by the Wellcome Trust and ig 
available immediately, 

Applications and enquiries to Dr B. 
Jarrett, University Veterinary Hospital, . 
Bearsden, Glasgow G61 JOH. Tee. 
phone: 041-942 2301 extension $4, 

In reply please quote Ref. No. 4235 oo os 





Oxford | 


1978 University Press 





Oxford English Dictionary 
Scientific Research Assistant 
The Oxford University Press has a vacancy In Oxford 


for a full-time research assistant for A Supp/ement to 


the Oxford English Dictionary, now In preparation. 
Volume |, A—G, was published In 1972 and Volume Il, 


H-N, In 1976. The successful applicant will undertake 


research In Oxford Ilbrarles Into the history and 
usage of specific scientific terms. 


Candidates should have an honours degree ina 
scientific subject and an Interest In words and the 
use of library resources. A reading knowledge of 
German ls desirable. 


Salary according to age and experlence on the scale | 


£2771 — £4233, with participation In the Oxford ` 
University Press Superannuation Scheme. 


Applications should be made in handwriting to 
L. R. Swanzy, Personnel Department, Oxford 
University Press, Walton Street, Oxford OX2 6DP by 
30 September 1978, with the names and addresses 
of two referees. 





EUROPEAN MOLECULAR BIOLOGY LABORATORY 


MOLECULAR 


COMPUTER GRAPHICS 


Applications are invited for a post in the Instrumentation 


‘Division to develop interactive computer graphics software for l 


macromolecular structure analysis and other biological prob- 
lems. Applicants must have interest and experience in develop- 
ment, maintenance and documentation of a lLbrary of 
advanced computer p 


crystallographic compu 
molecular dynamics), or 





theoretical chemistry (for example 
teractive computer graphics. 


Hardware includes an Evans and Sutherland Picture System _ 


II driven by a 128 K-word minicomputer. Access to a remote 
DEC 1090 and to an Amdahl 470/IBM 360-91 system is also 
available. Present software {includes an extension of the 
‘Diamond interactive molecular graphics system. 


Salary, according to qualifications and experience, within 
range DM 3400 and DM 4000 monthly, after tax. Removal 
costs and, where appropriate, expatriation and other allow- 
ances, be paid. 


Peis or tela quoting reference No. 78/28, and including a 
culum vitae, brief statement of research interest and the 
names of referees should be sent to: 


and should also be familiar with - 
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QUEEN ELIZABETH 
COLLEGE 


Kensington 
(University of London) 
DEPARTMENT OF FOOD 
SCIENCE AND NUTRITION 
RESEARCH STUDENTSHIP 
Appitcations are invited for a Re- 
search Studentsh: 


spomscr’s premrses. 
The studentship m tenable for two 
instance 


Road 
TAH, by ember 30, who 


? may 
contact informally (01-937 5411 
extn 238). TOSCA) 





IN HYDROGEOLOGY 


Applications are mvited for the 
post, the duties of which will 
include the teaching of 

ogy at MSc. Course 


felt of h 
Applicants ‘Should have a 


honours d . A 
fication in Hydrogec! 
ure would be tagoous . 
according eer eo ee 
ence, in the range £3, to £7 tts 
be reviewed from October 1) pius 


DIRECTOR 
of the proposed 


. +» CRUMP OF 


MEDICAL ENGINEERING 
AT U.C.L.A. 
Applications are Invited for ooa- 
iideration by the Search Committee for 
the Director the “Crom 


of p 

Institute for Medical Engineering” at 
“CL Az 

A new building & being planned, a 


o person of 
tional ability, sccomplishments, and 
interests boar on the hter- 


ductivity, leadershtp and - 
abfittfes are ble 
on o administer and 


Equal Opportunity: The University of 
California is an equal opportunity 
enployer. 

Send resume to Dr Prederich Allen. 

Searoh 


of Engmeering aad A 
T714 Boelter Hall, 
Angeles, CA 90024. 





UNIVERSITY OF WARWICK 
POSTDOCTORAL 
RESEARCH FELLOW 
dehy Ons are imvited a. one 


octoral Research owship 
m the Department ry and 
Molecular Scolences to work oo the 


tochemustry of metal com in 
the solid state with Dra N. W. Alcock 
and J. The project lo 


um vitao and 
referees) to the Academic Registrar, 
of Warwick, Coventry 
CVv4 7 i Sener 6, 1978 Please 
quote Ref o. 3/A/78. GOTHA) 


HEINRICH PETTE- 
INSTITUT 
für Experimentelle Virologie 
und Immunologie an der 
UNIVERSITÄT HAMBURG 


Apphcations are invited for the 
position of , 


HEAD OF THE DIVISION 
OF IMMUNOLOGY 


The institnte consists of six diyr - 
sions. It s a foundation concerned 


MASSEY UNIVERSITY 
Palmerston North, New Zealand 
LECTURER /SENIOR 
LECTURER IN PIG 
HUSBANDRY AND 
DIRECTOR OF PIG 
RESBARCH CENTRE 


Appleatons are invited for the abore 
msn toned Hon The sucoeestul 
applacant will become a member of 
the usbandry Department rer 
sponsible to the Head of that " 
meant, for teaching and to the Voe- 
Chancellor, for the 


At present pig production courses 
involve about one hundred hours of 
und o teaching annusliy plus 
postgraduate student teaching and 


au n 
Tho Pig Research Centro has a mafl 
of one Officer and three 

The Directo 


up of Univermty Council oom 

and New Zealand Pork Industry Cour 

Oy Feciiity, fanded oati by the 

ity, fun 9 

Pork Industry í ee satiny of 
Agriculture Fisheries, and 

Untivernty 
Salary: Lecturer NZ$13,424 to 


of position 
together with the conditions of ap- 
pointment may be obtamed from the 
Association of Commonwealth Unl- 
versities Spem: 36 Gordon Square, 
London 1H OPF, or the Registrar 
of the Ua oe oe olose 
on September 29, TOOBS(A.) 
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UNIVERSITY OF 
MELBOURNE 
LECTURESHIP.IN THE AUSTRALIAN INSTITUTE 
SCHOOL OF PHYSICS 
Applications are gator ag iar a ar 
n 
SP O Pha of Phymca. © current re 0 F 
aeh nosis of the School are HIER. 
energy physics, diffractson physics, low 
energy nuclear physics theoretical 
or MARINE SCIENCE 
aucoessful applicant will be 
required to teach at an undergraduatc 
level by lecturing or  sipervunnog 
classes, research . : 
stodents and to 5 duet research in Applications are Invited for the following position in research at the Australian Institute of 
UALIICATIONS ERD. with Manne Science (AI.M S.), which is situated on a 190 hectare site at Cape Ferguson near 
oral FRET Townsville, North Queensland, and projects development into one of the foremost institutlons In 
coe RD See Orla the world In the field of tropical marine science Faclirties include a 12 8 million dollar 
The pomtion can be taken up on headquarters and comprehensively equipped laboratory complex, library, lecture theatre, 
a giao en. en eee. tee controlled environment rooms and aquaria, accommodation for visiting scientists, and various 
Prurther information, including detaıls field and technical support facilities such as a deepwater boat harbour, recompression chamber, 
PR Apt DO Wen and maritime services building. 
PS: RAET, Univeruty of Mel- Initial research at A.I.M.S has been concentrated In three main areas: 
urne, Parkville, Victoria, Australia 
3052, or from the Association of Com- (D) Tropical marine food webs 
Ganon Square, Canton we PD opr. (I) The Great Barrler Reef and Its Reef-buliding organisms 
APPUCRUONI eee a GAA (ili) Tropical marine pollution. : 
CHELS The existing fleet of small vessels wil) shortly be augmented substantally, with the delivery of 
“seen mele a 26m research vessel built specrfically for A.I.M.S. 
A POSTDOCTORAL RESEARCH Further major expansion is planned, and will assure challenging research growth In tropical 
ASSISTANT s nuesa to join a marine science. 
group working on iologwal mem- 
branes experience m the 
bio ts of th bject 
sld be an advantage |The pori a BIOLOGICAL OCEANOGRAPHER 
suppo eo Muse at 
EE sae e heel ana 6 Duties: To plan and execute fieid/laboratory programmes devoted to a fuller 
Se ee eee ee understanding of the structure, function and dynamics of pelagic food webs,- 
in the range £3,660 to £4,130 per i 1g È é . 
ere Plus MaI Tondon serene especially within coastal and oceanic waters of the tropics. Consideration of 
dina trom: tha.“ Peaioanel: Officer likely interactions with shallow benthic and land-sea interface systems are 
hones Se ee ee viewed as potentially significant. 
a S Qualifications: A Ph.D degree or equivalent qualifications in the field of 
biological oceanography with evidence of dept ‘contribution in roe 
DEAKIN UNIVERSITY research and experience in the management of programmes at sea and ashore. 
Geelong, Australia A specific area of interest is not pre-requisite, however, the individual selected 
aoe OE SCIENCES must be equipped to view his or her responsibilities with perspective within the 
ae eae yg broad limits of the discipline. 
Applications are invited from mut- Appointment will be made within the Senior Research Scientist range 
oat ee ee ($A18,819-$A21,545), depending on qualifications and experience. 
ait, 1979, the Gravernity wal have Appointment at a higher level may be considered in exceptional circumstances. 
studen a A * « 
half will be enrolled m off campus it is envisaged that the successful applicant will be required to take up 
emai The main campus of the : - 
Untveruty m on an 80 hectare site at appointment on April 1, 1979. 
Sar of ava a as Further information on A.I.M.S. and general employment conditions will be 
normally Tor (par period P supplied on request. 
oa a" pormtment may be ex: Application must include a full c.v., plus the names and addresses of three 
ae professional referees, and should be sent to: 
tower ee The Secretary, ue allan Institute of Marine Science, P.M.B. No. 3, 
The Di of Biol d .S.0. 
den punon cen woe aad TOWNSVILLE, id S.O s 
A aati ‘anal tee omen: Closing Date for applications is October 20, 1978. 7017(A) 
oY, a graduate diploma of dietetics, 
participates in the teaching ae a 
Preset raara antarena’ et the DE 
mon arc in the areas of toxicology, QUEEN'S MEDICAL CENTRE 
endocrmolosy and nutrition UNIVERSITY OF NATAL MUSEUM 
The appointees will assist with a NOTTINGHAM . . PORTSMOUTH 
lecturing m undergraduate Byne DEPARTMENT OF Pietermaritzburg, South Africa 
and biochemistry courses, wit BIOCHEMISTRY VACANCY FOR A POLYTECHNIC 
emphara on physiology. Applicants A RESEARCH TECHNICIAN DEPARTMENT OF GEOLOGY 
should posees a doctorate in an = fesearch DIPTERIST 
appropriate ducipline and have some mada are oa nee Do herniicil Aroua race. anid. “tee. a LECTURER l/ 
a E reee a O aneehanion and Control ofthe: Bios | Vacancy In t of SENIOR LECTURER 


throe ysam) to commence on 
an 1, 1979 

App ieitoni (quoting reference 
number) should meclude a full curr- 


vitac the names and 
widresses of three academwm referees, 
and should be sent to roach the Staff 
Officer at PO Box 125, Belmont, 
3216, Yictoria, Australa by October 1, 
1978. A t rewident in North 
America, pe or Africa should also 
send a copy of har applications to the 
Tertis (A of “Ae Goron Square, 
veralt Gordon uare, 

wee’ 3 PF, whom 
further dotarls on the eaten can 

lit m bs gull LE A 


synthesis of fungal wall polymccharides 
and glycoproteins. The appointment is 
available from October 1, 1978 and m 
ayvauable for one year in the first 
instance The pomt is on the Whitley 
Scale and commences at a salary of 
£3,261 ring to a maximum of £4,680 
depending on age, qualifications and 
experience. The succesful applcant iu 
expected to have experience and/or 
interest om standard mucrobiologtcal 
and biomedical techniques, 

Application forms from Mr F. C 


Treeby, Chief Technical Adviser, 
Medical School, Quoetn’s Medical 
Centre, Nottingham NG7 2UH 


the Departmen 
Entomology at the Natal Museum. The 
will be to take 


ticularly sought, but applicants 
other interests will ako be considered, 
The minunum academic requirement 
m an Honours degree. Full details of 
ths post and apphlcaion forms can be 
obtained from tho aa 


Loop Street, 
South Afmea. 


Structural Geologut preferably wth 
Engin 


: £4,101 to £6,051 
(efficiency bar) to £7,572 per annum. 


Museum Roed, 

leted applicatrons should 
September 19, 1978 

Please guote ref: X12 6083(A) 


xxviii 





EUROPEAN MOLECULAR BIOLOGY LABORATORY 
X-RAY 


Applications are invited for a post in the Biological Struc- 
tures Division to study macromolecular structure using X-ray 
diffraction. Applicants should have experience in crystallogra- 
phic computing, crystallography of macromolecules, or X-ray 
diffraction analysis of semicrystalline materials such as fibres. 


The research programme includes studies of structures in- 
volved in the mechanism and control of DNA replication, in 
membrane function, and in virus assembly, especially using the 
filamentous bacterial virus system as a model. 


Salary, according to qualifications and experience, within 
range DM 3400 and DM 4000 monthly, after tax. Removal 
costs and, where appropriate, expatriation and other allow- 
ances, will be paid. 


Applications, quoting reference No. 78/28, and including a 
curriculum vitae, brief statement of research interests and the 
names of referees should be sent to: 


Sir John Kendrew 
Director General 
EMBL 

Postfach 10.2209 

D — 6900 Heidelberg 


Germany 6096(A) 





LADY DAVIS FELLOWSHIP TRUST 
P.O. Box 1258, Jerusalem, Israel 


FELLOWSHIPS FOR STUDY AND/OR RESEARCH 
AT GRADUATE OR POSTGRADUATE LEVELS 
AND VISITING PROFESSORSHIPS 
in 1979-80 
at the Hebrew University of Jerusalem and at the Technion— 


Israel Institute of Technology, Haifa 


GRADUATE AND POSTDODCTORAL FELLOWSHIPS 


Eligibility: Lady Davis Fellows will be selected on the basis of demon- 
Strated excellence in their studies, promise of distinction in their chosen 
fields of specialisation and qualities of mind. intellect and character, 


Postdoctoral candidates shall have completed their doctoral dissertation 
(before arrival in Israel. 


| The Graduate and Postdoctoral Fellowships are tenable for a period of 
one year. They may be renewed for a second year and in special circum- 
Stances extended to a third year. 


The grant is intended to defray the cost of the Fellow’s travel and 
tuition fees and to meet reasonable living expenses. 


Application: Graduate candidates may apply during their senior academic 
year or after they have undertaken study in a graduate schooj. Post- 
doctoral candidates may apply at an early stage of their professional 
career (not later than three years after completion of their doctora! 
dissertation), 


Graduate and Postdoctoral candidates (including Israelis abroad) may 
obtain application forms from the Lady Davis Fellowship Trust at the 
above address, after they indicate the category of Fellowship for which 
they are eligible. 


Completed applications must reach the office of the Trust not later 
than January l, 1979. 


VISITING PROFESSORSHIPS 


These Fellowships are intended for candidates with the rank of Full or 
Associate Professor at their own institution, They are tenable for periods 
from one trimester for semester) to a year. 


Application: Forms may be obtained from the Lady Davis Fellowship 
Trust at the above address. Completed application forms for the Hebrew 
University must reach the office of the Trust by November 30, 1978, Those 
for the Technion by December 31, 1978. TO045(A) 
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BASIC GRADE BIOCHEMIST | 


FACULTY OF MEDICINE 
DIAGNOSTIC 
RESEARCH UNIT 
SOUTHAMPTON 
GENERAL HOSPITAL 


A biochemistry graduate is required 
tọ assist in the development of diag- 
nostic methods for use in hospital bio- 
chemical laboratories. Appointment 
one year in the first instance. Salary: 
£3,486 to £4,275 per annum according 
to relevant experience. Application 
forms and job description from District 
Personnel Department, Tremona Court, 
30-32 Tremona Road, Southampton. 
Telephone: 777222, Ext. 3856 or 3018. 
Further information from Dr F. G. 
Bull, Telephone: 777222, Ext. 3910. 
Closing date: September 21, 1978. 

HORSA) 


UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTRY 
LECTURER 
IN BIOCHEMISTRY 


Applications are invited from suit- 
abiy qualified graduates for a Lecture- 
ship in Biochemistry in the Department 
of Biochemistry. Preference will be 
given to applicants with postgraduate 
experience and to those with an 
interest in pharmacological bio- 
chemistry, Industrial experience would 
also be considered advantageous. 

Salary will be within the range 
£3,660 to £7,308 per annum according 
to qualifications and experience. 
Superanuuation will be under U.S.S, 
conditions. 

Further particulars about the post 
may be obtained from the Academic 
Registrar (LFG), University of Surrey. 
Guildford, Surrey GU2 5XH oar Tel. 
Guildford 71281, ext. 482. Applications 
from men and women in the ferm of 
a curriculum vitae, together with the 
names and addresses of two referees, 
should be sent to the above by 
September 29, 1978. 6070(A) 


NEUROSCIENCES FACULTY 
Facuity positions available in the 
Neurosciences Program, Maryland 
Psychiatric Research Center, affiliated 








with the University of Maryland 

School of Medicine. One position is 
open to a 
SCIENTIST 


with rigorous postgraduate training in 
neuroendrocronology, basic expertise 
in hormone assay procedures and the 
capability to study functional aspects 
of hormones/polypeptides in a muli- 
disciplinary clinical research centre 
The second position is for a 
SCIENTIST with rigorous postgraduate 
training in a neurobiology specialty 
with preference given to strength in 
biochemistry and/or genetics plus 
experience in cell or organ culture 
techniques. 

Submit curriculum vitae, summary 
of research interest and two letters of 
reference by November 15, 1978, to: 
Neurosciences Search Committee, 
Maryland Psychiatric Research Center, 
Box 3235, Baltimore, Md. 21228. An 
Equal Opportunity Employer. 

TOGOA) 


UNIVERSITY OF WARWICK 
RESEARCH ASSOCIATE 


in the 
DEPARTMENT OF CHEMISTRY 
AND MOLECULAR SCIENCES 


Applications are invited for the 
post of RESEARCH ASSOCIATE 
with Dr B. E. P. Swoboda to study 
the detailed mode of action of the 
anti-tumour agent, cyclophosphamide 
on normal and cancer cells. Some 
experience with cell culture, organic 
syntheses and/or radioisotope tech- 
niques would be advantageous and the 
applicant should have a good degree 
in Biochemistry or a related subject. 

The appointment, which is supported 
by the Cancer Research Campaign, is 
initially for one year. with the pos- 
sibility of extension to three years. 
Maximum starting salary will be 
£3,660 per annum on Research Range 
1B, pus superannuation. Applications 
{two copies) giving qualifications and 
experience and naming two referees 
should be sent to the Academic Regis- 
trar, University of Warwick, Coventry 
CV4 7AL, as soon as possible, quoting 
Ref. No. 4/2A/78, GORRA) 





THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University cf London) 

DEPARTMENT OF 
BIOCHEMISTRY 
RESEARCH ASSISTANT 


Applications are invited for the 
post of Research Assistant in the 
Department of Biochemistry. The 
post will be tenable for a period of 
two years with effect from October 
1978. 

The project with which the success- 
ful applicant will be associated con- 
cerns the immunochemical aspects of 
himan lysosomal enzymes in relation to 
two lysosomal storage disorders, Tay- 
Sachs disease and Gaucher’s disease. 
The project is funded by the Mental 
Health Foundation. 

Candidates shouid have a B.Sc. 
degree in biochemistry as well as 
appropriate practical experience and 
an interest in the field of human 
lysosomal enzymes. It is unlikely that 
there will be the opportunity to study 
for a higher degree. 

Salary: The basic salary will be 
£3,384 plus £450 London Allowance 
per annum together with superannu- 
ation under the USS. 

Apply in the first instance with a 
curriculum vitae and the names and 
addresses of two academic referees toi 
Dr Mark Carroll, Department of Bio- 


chemistry, The London Hospital 
Medical College, Turner Street, 
LONDON Ei 2AD. TOO3{A) 





UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTRY 


READER IN NUTRITION 


Applications are invited for the 
position of Reader in Nutrition in the 
Department of Biochemistry. The 
person appointed will contribute to 
the undergraduate and postgraduate 
teaching within the Department and 
be responsible for the initiation and 
supervision of research, 

Applicants must be graduate with a 
higher degree and a good research 
record. Preference will be given to 
those with an interest and experience 
in clinical nutrition. A medical 
qualification would be an additional 
recommendation. 

Salary will be within the range 
£7,074 to £8,730 per annum according 
to qualifications and experience. 
Superannuation will be under U.S.S. 
conditions. 

Further particulars about the post 
may be obfained from the Academic 
Registrar (LFG), University of Surrey, 
Guildford, Surrey GU2 SXH or Tel. 
71281, ext. 452. Applications from 
men and women in the form of a 
curriculum vitae, together with names 
and addresses of three referees, should 
be sent to the above by September 29, 
1978. 6069(A) 


UNIVERSITY OF ASTON 


IN BIRMINGHAM 
DEPARTMENT OF GEOLOGICAL 
SCIENCES 


Applications are invited for two new 
posts as 


LECTURER IN GEOLOGY 


Candidate for the first post shouid 
have active research interests in the 
field of igneous petrology, preferably 
involving rocks of Mesozoic or later 
age. 

The second post is open to active 
research workers in any field of gec- 
logy. It is unlikely, however, that the 
post will be given to a specialist 
mineralogist or palaeontologist. 

Possession of a Ph.D. degree is a 
condition of appointment, but youag 
research workers who anticipate the 
award of a doctorate by November 
1978 may apply. 

Commencing salary will be within 
the range £3,883 to £5,842 pa. on a 
scale rising by annual increments to 
£7,754 per annum. (Under reveiew?. 

Preliminary information about these 
posts may be obtained from Professer 
D. D. Hawkes (Tel. 621 359 3611 Ext. 
568} at the following address. Appii- 
cation forms and further details may 
be obtained from the Staff Officer 
(Ref. 290/6) University of Astor in 
Birmingham, Gosta Green, Birming- 
ham B4 JET (Tel. Ext. 201) to whom 
applications should be forwarded not 
later than Friday, September 29, (978. 

GOTHA) 
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M.R.C. CLINICAL RESEARCH CENTRE 
(Northwick Park Hospital) 
Watford Road, Harrow, 
Middx. HAT 3UJ 


APPOINTMENT OF 
HEAD OF DIVISION OF COMPUTING AND STATISTICS 


The Medical Research Council invites applications for the post of head of the division of computing and statistics 
at the Clinical Research Centre, Harrow, Middx. ` 


The person appointed will be required to direct the division’s research programme, to maintain a computing 
and statistical service for the Clinical Research Centre, and also to maintain a close association with the North- 
wick Park Hospital Computing Service. The future research programme will be a matter for discussion between 
the new head of the division and the director of the centre, taking into account the particular interests of the 
selected candidate and the needs of the centre. : 


Candidates should be of a high scientific standing and with proven ability in managing a research team. 


The salary will. be within the range for the council's special appointments grade which is equivalent to the 
universities’ professorial range. 


Further information about the appointment may be obtained from the Director, Clinical Research Centre, 
Watford Road, Harrow, Middlesex HA1 3UJ. Ref. 109/1/4079. The final date for the receipt of application 


is November 3, 1978. 


UNIVERSITY OF 
ST ANDREWS 
DEPARTMENT OF ANATOMY 
AND EXPERIMENTAL 
PATHOLOGY 


epaertment be wisited by arrange- 
vent with "n Norton (telephone 
t Andrews 2411). 

Salary at a te point on scale 
3,660 to £7 (under review), start- 
4 probably not above £5 

$U./U33 

Appleations (two copies preferably 
« typeecmpt) with the names three 


THE WEST OF SCOTLAND 
AGRICULTURAL COLLEGE 
SENIOR LECTURER/ 
ADVISER IN POULTRY 
HUSBANDRY 
Applicahons for the post are invited 
om holders of a suitable degree or 
experience, The 


H+tone students, adveory work for 


The 

„447 to £7,651 per annum Further 
roculars and application forms may 
obtained from the , The 


achmecrurre, 

yom applications should be lodged 

t Inter than October 20, 1978. 
TO36(A) 


THE UNIVERSITY OF 


SHEFFIELD 
DEPARTMENT OF METALLURGY 
POSTDOCTORAL 
RESEARCH ASSISTANT 
G.R.C.) 

ape chemist, chemical 


engineer, 

urgisi or materials wnontist (man 

r. Woman) required for light-scattering 
studia on sacrosoi condensation mmg 
vmbic and infrared laser radmtion. 
Initial salary m range £3,660 to 
£4,365 according to qualifications and 
experience, with superannuation 
Tenable 2 years Cornculim vitae with 
d 


POLYTECHNIC 
FACULTY OF NATURAL 
AND LIFE SCIENCES 
DEPARTMENT OF 
PHARMACY 
RESEARCH 


ASSISTANTSHIPS 


Vacancies ecxm for Research 





THE LADY DAVIS 
INSTITUTE FOR 
MEDICAL RESEARCH 
JUNIOR STAFF POSITION 


AVAILABLE 


PhD or MD with at least 2 years 
poa onal research experiance. Wii 
responsible for ostabishing an 
independent research The 
current actrvitiees at the Inatitute 
mclode studies on cancer (cell growth 
controi, nutrient transport, gene rege- 
lation, hormone receptors), control of 
protein syntheas, lymphocyte function 
diabetes, somatsc cell genetica and 
aging. The interests of candidates may 
ci to but need not be confined to 
t 


date October 3i, 1978 TOO(A) 


UNIVERSITY OF 


NOTTINGHAM 
GENETICS RESEARCH UNIT 


GRADE 3 
This mvoives hel 
research project, Aninced by tp 


= odes Credit will be grven for 
NC., HND or degree, Experience 
un emca] techniques mw deatrable 
tment m for two years at a 


the range £2,688 to £3,060, 


7061 (A) 


THE UNIVERSITY 
OF MANCHESTER 
GEORGE HARRISON 
CHAIR OF BOTANY 


1979 on the retirement of Professor 
D H Valentine The other Chay in 


Professor John Colhoun P 
of the Mopanie may be obtamed 
aire ioc Q i table f 
ons copi sui or 
in giving full details of 


by October 18, 1978 





CLEMENT ASSOCIATES, INC. 


consultants In the environmental and 
health-related  scsnces, sock Log 
specialsts m the following ciuxcoplmos, 


A on duais degree is required and 
a doctorate preferred Clement Ww a 
leading firm m the fields of human 
and onvronmental health We offer 
excellent satames and comprehenmve 
benefits Apoliations and maqurries 
should be sent to: 

CLEMENT ASSOCIATES INC 
Screntific Regulatory Consultants 
1010 Wiecoosin Avenge, NW Sulte 660 
Washington, D.C. 20007 
Mario Baumann, Personnel Director 

TAXA) 


KEA 
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BIOCHEMIST/MICROBIOLOGIST 


Bush Boake Allen Ltd., a division of Albright & 
Wilson, have a vacancy for a Biochemist/Micro- 
biologist to work in their microbiological research 
laboratory, based at Walthamstow, London E.17. 


The sucessful candidate will join a team whose 
duties are to study the secondary metabolities 
produced by micro-organisms for use in perfumery 
and flavour products, 


Applicants aged between 22-30 should have a 
degree in biochemistry or microbiology with at 
least one or two years research experience in the 
field of microbial biochemistry. Experience in gas 
chromatograph analysis, the extraction of natural 
products from micro-organisms and/or studies in 
intermediary metabolism will be a distinct 
advantage. 


An attractive salary will be offered in addition 
to a range of employee benefits which include a 
non-contributory pension scheme. Applications in 
writing to: 

R. J. Saunders, 

Recruitment and Training 
Manager, 

Bush Boake Allen, 

Blackhorse Lane, 

London, E.17 

stating age, 

experience, 


ee PERFUMES 
ee; FLAVOURS 


Ky 


qualifications and 
7032(A) 


Bush Boake Allen 


UNIVERSITY COLLEGE GALWAY 


~ JUNIOR LECTURESHIP 
IN GEOLOGY 


Applications are invited for the above post. Salary scale £4,757 x (1 0)-—- 
£6,575. Closing date for receipt of applications 6 OCTOBER 1978. 


Further information may be obtained from the Registrar. 7014A) 





Centre for Overseas Pest Research, 
London 


Scientific Librarian 


m Take responsibility for periodical litera- 
ture and exchange material W Scan, cata- 
logue and index scientific literature including 
foreign language material @ Answer readers’ 
enquiries. 

Good hons degree or equivalent in a Biological 
Science or Agriculture or closely related subject 

Postgraduate librarian training essential ©) 
Aptitude for languages advantageous > Age 
normally under 27 = Appointment as Scientific 
Officer (£3300-£4880) i Ref: SA/47 FA. 
m Application forms (for return by 28 September 
ro78) from Miss M Cole, Centre for Overseas Pest 
Research, College House, Wrights Lane, London 
Ws 5 ST. 
6059( A} 










THE CALIFORNIA 
INSTITUTE OF 
TECHNOLOGY 

invites applications for a 
JUNIOR FACULTY 
POSITION IN ASTRONOMY 
fhe major research interesis of can- 
didaies should be in observational 
optical or infrared astronomy. The 
position is an assistant professorship; 
however, in exceptional circumstances 
the successful candidate may be offered 

an associate professorship. 

Members of the Caltech Astronomy 
Faculty whose major research activity 
is in optical or infrared astronomy arc 
normally appoinied as Staff Members 
of the Hale Observatories subject to 
the approval of the California Institute 
and of the Carnegie Institution of 
Washington, 

Applications 
description of educational background; 
(2) a résumé of research and teaching 
experience; (3) a list of all publica- 
tions; (4) copies of all manuscripts 
submitted for publication but not yet 
published; (5) a statement of current 
research interests and future research 
plans. The applicant should ask three 
scientists who know the applicant per- 
sonally ta send letters of evaluation 
dirccdy to Professor W. L, W. Sargent, 
Executive Officer for Astronomy, Cali- 


should include (1) a 


fornia Institute of Technology, Pasa- 
dena, CA 91125. Completed applica- 
tions and fetters of evaluation should 
be received by November i, 1978; ap- 
pointment wHl be made as soon there- 
after as circumstances permit. 
Calech is an Equal Opportunity 
Employer with an Affirmative Action 
Program. We encourage applications 
from qualified women, members of 
minority groups and persons with non- 


disqualifying handicaps, 6097(A} 


MEAT RESEARCH 
INSTITUTE 
SCIENTIFIC OFFICER/ 
HIGHER SCIENTIFIC 
OFFICER 
to conduet analytical, biochemical and 
endocrine studies with laboratory and 

meat animals. 

The objective is to define and 
identify the means of manipulating 
those sub-cellular mechanisms of sex 
steroid action, which lead to sex- 
dependent patterns of somatic develop- 
ment. 

Qualifications: Pass degree, 
er equivaleat with 
honours degree din biochemistry of 
physiology. At least five years post- 
qualifying experience is normally re- 
quired fer appointment to the higher 
grade. 

Salary: 

S.0.--£2,592 to £4,032. 
_#HS.O.---£4 101 to £3,448. 

Siarting salary depending on experience, 
Permanent, pensionable post. 
Closing date for applications: 

tember 22, 1978, 

Application forms: Personnel Officer, 
Meat Research Institute, Langford, 
Bristol BSI8 7DY. FOS2(A) 


HNC. 


experience of an 


Sep- 


UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTRY 
LECTURER 
IN FOOD SCIENCE 


Applications are invited from. suit- 


able qualified graduates for a 
Lectureship in Food Science in the 
Department of Biochemistry. Prefer- 


ence will be given to applicants with 
postgraduate experience, and industrial 
experience woukld also be advantageous. 

Salary will be within the range 
£3,660 to £7,308 per annum according 
to «=. qualifications and experience. 
Superannuation will be under U.S.S. 
conditions. 

Further particulars about the post 
may be obtained from the Academic 
Registrar (LFO), University of Surrey, 
Guildford, Surrey GU2 SXH or Tel. 
Guildford 71281, ext. 452. Applications 
from men and women in the form of 
a curriculum vitae, together with the 
names and addresses of two referees, 
should be sent to the above by 
September 29, [978. GO6SLA) 


WELSH NATIONAL SCHOOL 
OF MEDICINE AND 
UNIVERSITY OF SUSSEX 
POSTDOCTORAL 
RESEARCH OFFICERS 
Applications are invited for two 
research posts, funded by the 
Medical Research Council, to work 
on a three-year collaborative pro- 
ject between Dr F. MeCapra, 
Department of Chemistry, Univer- 
sity of Sussex and Dr A. K. 
Campbell, Department of Medical 


Biochemistry, Welsh National 
School of Medicine. The project 
is entitled “Biomedical applica- 


Hons of chemi- and Dio- 
luminescence’, h cancerng the 
synthesis and biochemical charac- 
terization of the prosthetic group 
of Ca**-activated photoproteins, 
luminescent iabels of protcing as a 
substitute for radioactive labelling 
and luminescent reagents for bio- 
chemical studies in intact cells. 
Further particulars of the posts 
are availabe from the Registrar 
and Secretary, Welsh National 
School of Medicine, Heath Park, 


Cardif CF4 4XN (quoting ref. 
No. C38/4/243, 

Applicants shouid have com- 
pleted their studies for a Ph.D. 


and preferably have experience in 
either organic synthesis or bio- 
chemistry. Starting salary can be 
up to £4,130 on Grade fA for 
Liniversity Research and 
Analogous Staff, 

Applications should be sent by 
Octoher f, {978 both to the 


Registrar and Secretary of the 
Welsh National School of Medi- 
cine (address as above} and to 


Dr F. McCapra, 
Chemistry, School of 
Sciences, University of Sussex, 
Falmer, Brighton, Sussex BNI 
2Q5 and should take the form of 
a curriculum vitae plus the names 
and addresses of two referees, 
TFOLZCA) 


Department of 
Molecular 








UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited for two 
LECTURER posts in the Department 
of Biochemistry. Starting date by 
mutual agreement, Applicants should 
be graduates in Biochemistry or 
Molecular Biology with postdoctoral 
experience. They should possess the 
capacity to initiate their own research 
programmes and be prepared to contri- 
bate fully to the tvaching programme 
of the Department. ExceHent facilities 
for research are available, Salary 
according to age and experience within 
the range £3,883 to £7,754 pa. plus 
£450 London Allowance, Applications 
including full curriculum vitae, fist of 
publications and names of two aca- 


demic referees should be sent by the 
end of October to Professor B. R. 
Rabin, (Ni, Department of Bio- 


University College London, 
London WCIE BT. 
TOASA? 


chemistry, 
Gower Street, 


UNIVERSITY OF THE 
WEST INDIES--TRINIDAD 
Applications are invited for the post 

of SENIOR LECTURER/LECTURER 
in PHYSICS. Must have specialisation 
preferably in the fields of Optics in- 
cluding Infrared Optics and thin Films, 
or in High Energy Nuclear Physics, 
including Plasmas, with expertise on 


the interaction of radiation with 
materials, Salary scales: 1977/78- 
Senior Lecturer TT$25 827 to 


F1$34,017 pa. Lecturer TT$19,071 to 
TT$29,799 pa. (£1 sterling =TTS$4.62) 
ESSU: Unfurnished accommodation 
if available at 10° or furnished at 
124% or housing allowance of 20% af 
pensionable salary. Family passages. 
Study and Travel grant. Detailed 
applications (2 copies) with curriculum 
vitae and naming 3 referees ta he sent 
direct to Secretary, UWE, St Angus- 
tine, Trinidad as soon as possible. 
Appicants resident in the U.K. should 
also send one copy to Inter-University 
Council, 90-91 Tottenham Court Road, 
London WIP ODT. Further particulars 
may be obtained fram either address. 


TOOOCA) 
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send 
for Gur Gorn 
plete catalog of 

125] -labeied 


Each lat is 
tested ina spe- | 
cific assay to ensure 
immunoreactivity, Availabie~ 
from stock. Prepared fresh 
monihty. 


Prolactin, 1251] — (human) NEX-12/ 
Prolactin, 14351 — (rat) NEX-108 
20-50uCi/ug. Shipped frozen in 0. O5M phosphate- 
buffered saline solution (pH 7.5) containing a 
Stabilizer and a proteolytic enzyme | inhibitor. 
1OuCi 2 x 1OuC! 5OuCi 2 x 5OuCI 


New England Nuclear 


549 Albany Street. Boston, Mass. 02178 
Call toll-free: 800-225-1572 
(in Massachusetts and International: 617-482- 5595)" 


NEN Chemicals GmbH, Dreieich, W. Germany: NEN Canada Lid. Lachine, Quebec... 





Sketches from P Life before Nature 





the perplexities and the resigned wisdom of the 
twentieth century man of science are mirrored as 
never before.” 
jacques Barzun 
Columbia Universtiy 
813 250 pages References Name Index 50-Year Bibliography 
ISBN 87470-029-9 LO 77-95216 


For your copy, send check or money order drawn on a US. bank to. 
The Rockefeller University Press 
20) Box 5483.0 HS Säl New York 10246 DORP 
P.O. Box 5483, Church Street Station, New York 10249. Circle No. 03 on Reader Enquiry Card, 
Circle No. 04 on Reader Enquiry Card. 
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At Last! A Reliable Incubator Under 


Designed for Aerobic or. 
Tissue Culture Exp 
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The tert-butoxycarbe € ml (BOC ) group is one of the 





ng time Aldrich offered tert- 
butoxycarbony] azide (t-BOC azide), a useful reagent 
for the preparation of valuable :-BOC-protected in- 
termediates, until it was withdrawn from our listings | 
because of reports of its thermal instability and-shock — 
sensitivity. We are pleased to replace s-BOC azide 
with BOC-ON [2+ tert-butoxycarbonyloxyimino)-2- 

| phenylacetonitrile] and di-tert-butyl dicarbonate (di- 
tert-butyl pyrocarbonate). Both of these reagents react 








¿ osynthesis.! For a 








CH, O CN cH, O 9 CH, 

| CH,-C- 0-C-0- NeC-Caty cH,-¢-0-¢- o-C-0-¢-CH, 
CH, I H, CH, 

. BOC-ON. A Di-tert-buty! dicarbonate 


-simply and rapidly with amino acids to provide the 
protea derivatives in excellent yields. 


is al Pt ater with BOC- ON??? 











excess of triethylamine at room temperature for 
~ several hours. Several t-BOC-amino acids prepared in 
|. this manner are given in Table 1. 








rert-Butoxycarbonylation with di-tert-butyl 
dicarbonate*’. é involves the treatment of the sodium or 
amine salts of amino acids with di-rert-butyl dicar- 


-Aldrich Chemi 





l Great Britain : 


Corporate Ottices | 
Aldrich Chemical Co.. Lid. 


Aldrich Chemical Co.. Inc. 
940 W. Saint Paul Ave. 
” Milwaukee, Wisconsin ‘53233 
U. S. A. 


Gillingham, Dorset SPB 4JL 
England 





most important amino-protecting groups in peptide | 


sal Company, 1 nc. 


- Craftsmen in Chemisty. 


The Old Brickyard, New Road 
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ALDRICH, 





_ Bonate at room temperature for 10-30 minutes. Only 
tert-butyl alcohol and carbon dioxide are pore? as 
by-products. 


Some of the -BOC-amino acids which have been 
prepared in this manner are given in Table 2.4 


Alarch. is pleased to offer a choice between two ex- 
cellent reagents for the introduction of the --BOC 
protecting group. To each his own! 


References: 


1) J.W. Barton in “Protective Groups in Organic Chemistry.” 
JFLW. McOmie, Ed.. Plenum Publishing Co., Ltd.. London, 


1973. Chapter 2. 

2) M. Itoh, D. Hagiwara, and F, Kamiya, Tetrahedron Lett., 4393 
(1975). 

3 M. Itoh, D. Hagiwara, and T. kaniva Bull. Chem. Sec. Jpn.. 50, 
718 (1977), 

4) L. Moroder, A. Hallett, E. Wünsch, O. Keller, and G. Wersin, 
Hoppe-Seyler's Z. Physiol. Chem.. 387, 1651 (1976). 

5) V.F. Pozdneev, Khim. Prir. Soedin., 764 (1974y. Chem. Abstr., 
82, 156690d (1975). 

6) D.S. Tarbell, Y. Yamamoto, and B.M. Pope, Proc. 
Sci. USA, 69, 730 (1972). 
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Gallenkamp System M furniture 


THE ULTIMATE IN LABORATORY FLEXIBILITY 


Adaptability now and later 
with System-M 


Designed for You 
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| Cover picture 

Solar eclipse viewed from Caracas, 
Venezuela. The detection of atmos- 
pheric gravity waves during a solar 

eclipse is discussed on page 109. 

(Photograph: N. Bravo-Franco & E. 

7 Yepez) 
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Guide to authors 


@ Review articles should be aimed 
at a relatively wide readership. 

Many reviews are invited, but 
submitted articles may also be accepted; 
it is advisable to consult us before 
writing a review article. 

@ Articles may be up to 3,000 words 
long with at most six displayed items 
(figures and tables); they are reports of 
major research developments. 

@ Letters are brief reports of original 
research of unusual and wide interest, 
not in general longer than 1,000 words; 
they have at most three or four 
displayed items... . | 

@ ‘Matters Arising’ permits short 
discussion (up to 300 words) of papers 
that have recently appeared in Nature. 


Articles should be accompanied by an 
abstract of not more than fifty words. 
Letters should begin with a paragraph 
giving the background and main 
conclusions in terms intelligible to as 
wide a readership as possible. - 
Manuscripts may be submitted either 
to London or Washington. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systéme International. Greek 


__-| characters should be identified in the 
- |} margin on their first appearance. 


- Equations should occupy single lines 

if possible; exp (a) is preferred to e* if ‘a’ 
is more than one character. 
References are indicated by 
` superscripts in the text. See any 
contemporary Nature for style, but note: 
— (i) only one reference number need be 
used if the reference is to several papers 
by identical authors. 

(ii) first and last pages of references 
should be cited. 

Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth edn (Butterworth, 1963-65). 
Symposia are often difficult to refer to 
and only published or soon-to-be- 
published volumes should be mentioned 
in references. Their publisher and place 
of publication should be clearly indicated. 
‘Personal communication’ and ‘unpub- 
lished’ should be incorporated in text. 

Artwork should be sent with the 
manuscript and clearly marked with 
author’s name and the figure number. 
Line drawings should be either 
» photographic prints or in Indian ink on 
- heavy cartridge paper, tracing paper or 
similar materials. Most figures are 
reduced to one column width so originals 
should be about as wide as a page of 
Nature. To enable figures, particularly 
maps, to be edited in the same style as the 
text, they should contain only essential 
material. Ideally, an unaltered original 
and three lettered copies should be 
provided ; labelling on half-tones should, 
if possible, be avoided entirely. 
Magnifications quoted should be for 
the figures as submitted. We are always 
glad to see artwork for possible use on the 
cover, but cannot guarantee its return. 

in order to save on postal expenses we 
return only the top copy and artwork of 
manuscripts that we cannot publish. 

Nature’s publishing policy is outlined 
in 258, 1 (1975) and 264, v, 11 Nov. (1976). 
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Why go to the British Association? 


IN many ways the annual meeting of the British 
Association for the Advancement of Science, just con- 
cluded in Bath, was quite a success. There was an 
excellent turnout of members of the young scientists’ 
wing of the organisation—several hundred students in 
the 11-to-18-year-old category were regular attenders at 
the meeting and seemed.both to.enjoy themselves and 
learn a lot. Audiences were supplemented by the usual 
senior contingent of enthusiasts for science, some with 
a professional interest in science, others keen amateurs. 
A wide variety of lectures was available, including, as 


is customary, sections on geography, sociology and - 


economics. Symposia on broad topics such as national 
food requiremeitts, science and technology for develop- 
ment and decision-making in science drew reasonably 
good crowds. The only thing missing was a reasonable 


turnout of the research sciemtists—academic, industrial . 


and governmental —whose work the association i 
to portray. 

Certainly there were nearly three hundred re 
in the four days of the meeting, and most of these were 


actual researchers themselves. But many of these stayed ` 


long enough to deliver their wares and no longer. The 
number of those actively involved in research (outside 


the officers of the sections) who gave the meeting four, 


three or even two days of their time was exceedingly 
small. : Pe dW è 

There ‘are some very’ sound reasons for this: the 
meeting comes in the midst of university vacations; 
there are other more _ Specialised conferences that have 
to be attended; there is a limit'to the number of con- 
ferences any one scientist can be expected to attend, 
and (a circular and slightly less sound argument) there 
are not enough like-minded people around to warrant 
staying any length of time. 

Of course the meeting is not a high-powered affair 
and there is no obvious immediate research benefit 


A. J. V. Gale 1895-1978 


ARTHUR GALE, joint Editor of Nature from 1939 to 1961 | 
and associated. with the journal since 1920, died on - 


4-September 1978. 


Educated at Selwyn’ ‘College ‘Cambridge, he was 


involved in military service for most of the First’ World 
War, and was then persuaded by Sir Richard Gregory, 
recently appointed Editor, to join Nature as Assistant 
Editor. In 1939, on Gregory’s retirement, the editorship 
passed into the joint hands of, Mr Gale and Mr L. J. F. 
Brimble, who had come to Nature in 1931. Brimble 
continued after Gale’s retirement to edit the journal 
single-handed until his death in 1965. 


In order that Gregory and later Brimble should lead 


a lively public life,. attending conferences, meeting 
scientists,’ championing causes, it was necessary that 
someone of scrupulous habits should be-back in the 


} 


` for science’s relation with society: 


from attendance, but are the channels by which scientist 
can speak to scientist across the disciplines so good 
elsewhere that the British Association can be ignored? 
For one of the most widely remarked features of science 
is that significant advances frequently occur when 
people from one discipline discover intellectual sus- 
tenance in another, maybe remote discipline. The 
chance to make new contacts over a period of a few 
days seems just the sort of ‘removal of those dis- 


` ‘advantages that impede scientific progress’ which the 


founders of the association aimed at. 

But there is another more selfless reason why research 
workers should attend th annual meeting more con- 
sistently—-the good effect they can have on the 


enthusiastic young contingent. Whilst it is not necessary 


that every lecture delivered to the association be com- 
prehensible to a 16-year-old, many of these young 
scientists would value relaxed conversations with people 


- whom they obviously respect. Such conversations would 


help them understand just what it is like to be a scientist 
and which particular fields of study might appeal to 
them. The profession of research scientist is not easily 
understood from outside and is subject to many mis- 
apprehensions; evenings of chat in coffee bars are 
probably as good a way as any of dispelling illusions 
and clarifying ambitions. 

If there was one other disappointment in the attend- 
ance at Bath it was the poor, almost negligible turnout 
of those whd are involved in big decisions which can 
have a scientific content. One would have thought that 
many politicians, top civil servants and leading 
industrialists would use such an occasion to keep well 
informed and to sound out their constituencies. Not so. 
This is done in comparable assemblies in some other 
countries, but not in Britain. The result is a narrow- 
mindedness and compartmentalisation that seems 
particularly severe in British public life. 


office ensuring that the journal appeared on time each 
week, and that the appropriate bread and butter of 
Nature was attended to. This Gale did to perfection. He 
knew exactly what Nature was about, and he understood 
the. science well, but his responsibility was not to com- 
ment or interpret but to ensure that other people were 
free to do so. He was essentially the servant of Nature 
ahd thereby of the whole scientific community. 
` He claimed that he only ever wrote two leaders, yet 
paradoxically they were at a most momentous time 
the two weeks 
following’ Hiroshima and Nagasaki. His calm and 
sensible words at that time made one regret that he did 
not write more often. 

He married Gwendoline Veysey in 1929 and to her 
and to his son and daughter we send our sympathy. 
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Biologists urge US endowment for conservation 


One in five animal species may be extinct by the year 2000, 


writes John Douglas 


Amino dire predictions about the future 
of tropical forests and endangered 
species, an international group of bio- 
logists has called on the United States 
government to establish a national 
endowment, similar to the national en- 
dowment for the arts, “to support 
original research, both theoretical and 
applied, in the area of conservation 
biology”. The conference also called 
on governments and private groups of 
all developed nations to offer their sup- 
port to establish and protect “some 
remnants of natural habitat in tropical 
countries”, Both resolutions were 
adopted by acclamation at the end of a 
four-day conference on conservation 
biology at the University of California, 
San Diego, last week. 

In recommending establishment of 
the new research endowment, the con- 
ference members cited the present lack 
of any appropriate US agency to fund 
and coordinate research in environ- 
mental management, wildlife biology 
and conservation. “In particular, we 
need an agency to fund research rele- 
vant to the stewardship of the Earth 
remaining natural diversity”. Specifi- 
cally, the resolution calls for increased 
support for breeding programmes to 
help save endangered species, research 
on the ecology of endangered habitats, 
and an inter-disciplinary approach to 
the biology of conservation, environ- 
ment, and animal populations. 

To help preserve remaining tropical 
habitats, the conference again called on 
the US government to take the lead by 
launching a major programme “to aid 
underdeveloped nations financially in 
establishing and protecting national 
parks and biological reserves”. Other- 
wise, the resolution concluded, destruc- 
tion of tropical forests may seriously 
affect climatic stability, soil erosion, 
water quality and economic develop- 
ment, “generally impoverishing human 
existence”. 

The plight of tropical forests was 
detailed in a paper by T. C. Whitmore 
of the University of Oxford. ‘The 
second half of the 20th century will 
stand in history as the brief period 
during which man reduced the area of 
the world’s richest and most complex 
ecosystems to about one-third of their 
potential area”, he said. “An onslaught 
has developed on tropical moist forests 
which is predicted to continue to 
accelerate to reduce them to scattered 
fragments by 2000 ap.” 

Between now and the turn of the 
century, the demand for tropical hard- 
wood log production is expected to 


triple, said Dr Whitmore. That will 
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require cutting 556 million hectares of 
forest, leaving only 30% (480 million 
hectares) of the total area under virgin 
conditions. Furthermore, the process of 
using bulldozers to retrieve the logs 
may compact as much as 70% of the 
soll in affected areas, hindering forest 
regeneration. “The prospect is frighten- 
ing” he concluded. 

Even if large national parks and 
game preserves are established, how- 
ever, the loss of the great tropical 
forests will halt the further evolution 
of most tropical vertebrate species and 
drive many animals into extinction, 
according to papers delivered by 
Michael Soule and Bruce Wilcox of the 
University of California, San Diego. 
By using species data from island 
habitats the authors estimated the 
minimum area required for various 
animals to continue speciation. Even 
the largest of today’s national parks 
are too small by an order of magnitude 
to foster continued evolution of large 
mammals, they conclude. 

As a result of inbreeding and en- 
vironmental accidents, Soule and 
Wilcox predict that the animals trapped 
in reserves too small for their con- 
tinued evolution will begin to die out. 


Taking 19 East African national parks 


as an example, the researchers con- 
clude that 11% of the large animal 
species will have become extinct in 50 
years and 44% will be gone in 500 
years, unless new management tech- 
niques are introduced. If present trends 
persist worldwide, only about 1% of 
the Earth's surface will remain in a 
preserved condition by the turn of the 
century, which would eventually lead 
to the extinction of perhaps 3.5 million 
of the known 5.0 million terrestrial 
animal species. One million may dis- 
appear just by the year 2000. “The ark 
is sinking” says Wilcox. 

Several speakers addressed the ques- 
tion of how large a population of 
animals must be in order to avoid 
eventual extinction, and what breeding 
practices might be adopted to encour- 
age the vitality of a species. Ian R. 


Franklin of the Genetics Research 
Laboratories (CSIRO), North Ryde, 
New South Wales, estimated that 


genetic considerations alone would re- 
quire an “effective population” of at 
least 500 individuals. (Since not all 
members of a group of animals contri- 
bute equally to the gene pool of the 
next generation, the number of geneti- 
cally “effective” individuals ranges 
between roughly half and three- 
quarters of the total population.) Below 
the minimum = population, Franklin 
says, the random loss of desirable traits, 





Animal behaviour 





KENNETH MELLANBY 
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I was recently a member of a panel 
on a radio programme which dis- 
cussed the topic “Do animals have 


rights?” The panel included rep- 
resentatives of animal protection 


societies and a scientist involved in 
research. The chairperson was a well- 
known journalist and broadcaster. We 
had a live audience of about 200 and 


the programme, with short breaks for 
advertisements, went on for an hour 
and a half. 

The programme started with the 
chairperson asking the members of 
the panel to state, briefly, their views 
on animal’s rights. All agreed that 
animals should not be made to suffer 
unnecessarily, but disagreed as to 
what suffering meant, and on obvious 
subjects like vivisection, hunting and 
factory farming. | thought that we 
should concentrate on man’s responsi- 
bilities rather than on animal’s rights. 
Domestic animals, cattle and sheep, 
and pets such as dogs and cats only 
exist because man breeds them, and 
controls the numbers which are born. 
Without man. most breeds would soon 
become extinct, though in some areas 
cats have escaped and become pests. 
endangering the native fauna. As 
man has created domestic animals, 
he has the responsibility for providing 
conditions where they do not suffer— 
even conditions where we can reason- 
ably imagine that they enjoy life. But 
if man disappeared from the world, 
so would most domestic animals. 

The situation regarding wildlife is 
different. Wild animals, for the most 
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Left: trans-Amazonia highway and the jungle; right: maned lions each worth half-a-million dollars as Kenyan tourist attractions 


called “genetic drift” will make a 
species unfit for survival. 

Much of the problem of establishing 
and maintaining large reserves is 
economic : the need is greatest in areas 
encompassed by the world’s poorest 
nations. William G. Conway of the New 
York Zoological Society concludes 
“The preservation of the majority of 
the animals that man finds attractive 
probably cannot be sustained on any 
provable economic basis’. However, 
some nations, he says, have successfully 
used their preserves to bring in hard 
currency through tourism. In Kenya's 
Amboseli National Park, for example, 
a single maned lion is estimated to be 
worth $515,000 as a tourist attraction, 
compared to only $1,150 for commer- 
cial purposes as a skin. 

For those animals that cannot be 
preserved in the wild, Conway suggests 
the limited use of zoos as “gene banks” 


until future generations can be re- 
introduced into the wild. With careful 
mating, the number of individuals 
needed might be as small as 50 to 100 
animals, he says, but even then half 
their genetic diversity would be lost 
and only 100 species could thus be 
maintained if half of all the zoo capa- 
city in the United States were 
marshalled to the task. 

Another way to preserve species by 
making some of them more profitable 
to indigenous people was discussed by 
Malcolm Coe of Oxford. The oryx, for 
example, is better adapted to life in 
Africa than cattle, he said, and some 
domesticated herds of eland, spring- 
bock and greater Kudu have been 
established. Another advantage of us- 
ing such wild ungulates for food comes 
from their high proportion of lean 
meat — 43% compared to 23% of the 
carcass of cattle raised under the same 


S 


part, only continue to exist where 
man has left conditions—habitats— 
suitable for them. As a conservation- 
ist I think that we should do more 
to preserve and develop such habitats, 
even though this conflicts with the 
needs of agriculture to produce food 
for the growing human population. 

Although the producer of this radio 
programme had tried to provide a 
balanced audience, and had invited 
farmers, those engaged in animal 
experiments, and sportsmen to par- 
ticipate, these groups were greatly 
outnumbered by those who considered 
themselves to be animal lovers. There 
were colourful and hirsute young 
men and drab girls wearing T-shirts 
proclaiming them to be hunt sab- 
oteurs. We had anti-vivisectionists of 
all persuasions, vegetarians, some milk 
drinkers, some vegans, and some who 
seemed mainly to wish to oppose the 
politics of the establishment. Although 
there were good questions and sen- 
sible comments from the floor, the 
majority of the audience had not 
come to listen or to discuss. Their 


purpose was to stop those with whom 
they disagreed from speaking. 
Thus when one panel member tried 


to give the correct breakdown of the 
number of animal experiments in 
Britain, showing that these were 
mostly for genuine medical tests and 
not just to swell the profits of cosmetic 
manufacturers, a section of the audi- 
ence, largely consisting of remark- 
ably unattractive women resembling 
those who knitted when the guillotine 
functioned in revolutionary France, 
bayed “Lies, lies, lies, sit down, we 
won't listen to your lies”. When I 
was asked about the policy of culling 
red deer in the Scottish Highlands, 
and said this was necessary to keep 
the population healthy, as otherwise, 
as wolves and other predators which 
controlled numbers were no longer 
present, the deer would increase until 
many died from starvation and 
disease, someone shouted: “‘Why not 
cull human beings?” The noise made 
by the audience was quite alarming, 
and made the interruptions heard at 
question time in the British parlia- 
ment sound almost human. 

I am afraid that my main reaction 
to the evening’s entertainment was 
to wonder why those who profess to 
love animals hate their own species 
so much! 
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conditions. Even crocodiles might be 
raised as a valuable cash crop, since 
their hides bring a high price and they 
grow much faster in captivity 

The generally sombre message of the 
conference was phrased in particularly 
vivid terms by Thomas E. Lovejoy of 
the World Wildlife Fund. Between 
50%, and 85% of all species on Earth 
have yet to be named, he said, and a 
major fraction of these may pass 
entirely out of existence still unrecog- 
nised. They will be replaced by the 
quickly evolving, highly productive 
species that can coexist with man, often 
as pests. “Cockroaches and Norway 
rats will loom larger in 2\Ist century 
bestiaries,” says Lovejoy, “as will crab- 
grass and dandelions in the floras’. 


Bison trouble 


BYELORUSSIA has been facing a some- 
what unusual hazard of conservation 
at the—literally—grass-roots level. The 
primaeval Bielaviezkaja forest is a re- 
serve for, among other species, Europe’s 
last remaining bison. Virtually exter- 
minated during the war, the bison herd 
is now multiplying in a most satisfactory 
manner, and it is hoped shortly to 
remove the bison from the Red Book 
of endangered species 

In the meantime, however, bison can 


occasionally cause problems as cer- 
tain collective-farmers found this 
summer. On the “‘Komintern” collec- 


tive farm near Barysau, one particular 
hison claimed as its range a large hay- 
field. chasing the farmer who 
dared approach it up a tall tree 

Denied more “radical means” of 
evicting it, the Farm Management 
Board decided to leave the field to the 
bison whereupon several other bison 
moved in. To date no information 1s 
forthcoming as to whether the bison 
have been dislodged 

This is not the first time that forest 
bison have caused disruption of local 
life: a few years ago, at Hajdowka on 
the Polish of the forest. one of 
the local went to sleep on the 
railway lines. following this exploit by 
a visit to the local school 


only 


side 
bison 


Vera Rich 
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Science at the UN: coordination or chaos? 


Peter Collins reports on the likely demise of the UN’s only 
scientific advisory body, ‘ACAST’s. Who will replace it? 


66 A T least we should be represented 

™ at our own funeral” remarked the 
chairman of ACAST’s recent meeting 
in Geneva. For this, the United Na- 
tion’s Advisory Committee on the 
Application of Science and Techno- 
logy, is almost certainly one of the 
bodies likely to disappear in the res- 
tructuring to which its parent body, 
ECOSOC (the Economic and Social 
Council) is now being submitted. In 
this process ACAST has no say, and 
may find few friends to speak up on 
its behalf: government delegates as a 
whole, and especially those of the de- 
veloping countries who hold a voting 
majority, do not like independent com- 
mittees. Be that as it may, the abolition 
of ACAST at the present juncture 
would be most unfortunate. Its recent 
meeting was one of the liveliest and 
most useful since its foundation, and 
its discussions had an air of realism 
and urgency often lacking in past. This 
was perhaps due to the presence of 
several new members of this individu- 
ally selected body, invited to replace 
some of those who had given it the 
reputation of representing the scienti- 
fic establishment, with few original 
ideas and, at times, little apparent 
awareness of the trends and possibili- 
ties of modern science and technology. 


In search of harmony 

One of the major subjects discussed 
was the matter of policy for science 
‘and technology within the UN system 
itself. ECOSOC went on record some 
time ago to the effect that “the plan- 
ning of activities in the various organ- 
isations of the United Nations should 
be harmonised and gradually inte- 
grated into a United Nations science 
and technology policy”. 

However, the idea of a centrally- 
controlled, general policy for science 
and technology within the system is 
widely considered to be impracticable, 
even if indeed it is desirable. What is 
seen as a reasonable objective is the 
harmonisation of policies within and 
between the various parts of the sys- 
tem. Some decisions on this subject are 
expected to form part of the Pro- 
gramme of Action for UNCSTD next 
year. and some sort of closer coordina- 
tion in this field is also seen as essen- 
tial for the evolution of the “new inter- 
national economic order”, in which the 
whole UN system and its member 
governments are now involved. 

When it came to the means of bring- 
ing about such harmonisation, ACAST 
considered three main possibilities. The 
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first of these was creation of a new 
agency charged with the overall coordi- 
nation of science and technology for 
the entire system. ACAST commented 
that “experience in the United Nations 
(as well as with almost all organisa- 
tions) is that new agencies become 
concerned not only with their own 
survival but also with increasing their 
influence and activities.” 

The second possibility, the sugges- 
tion of setting up an = organisation 
for science and technology equivalent 
to the UN Environment Programme, 
was looked on somewhat more favour- 
ably. But to be effective it would 
sooner or later require, as has UNEP, 
a fund, and it is unlikely that mem- 
ber governments would agree to the 
creation of yet another large fund with 
all its administrative costs and the need 
for constant checks on the validity of 
the operations in which it might be- 
come involved. In any event, such a 
programme would have to rely on in- 
puts from the rest of the system, and 
would need to have sufficient political 
or other support “to ensure consist- 
ency among the various agencies 
objectives and strategies through its 
decisions regarding funding and 
through coordination”’. 

Much the most attractive, at Jeast 
under present circumstances, would 
appear to be the third possibility, 
defined as a Centre for Concerted 
Action and Coordination on Science 
and Technology. Its purpose would be 
to systemise and synthesise information 
on all science and technology pro- 
grammes and strategies throughout the 
system; to keep the Secretary-General 
advised of what was going on and what 
were the objectives and sub-goals of the 
other organisations within the system. 
relating these to the overall objec- 
tives; and to maintain contacts with 
the scientific and technical community, 
including intergovernmental and non- 
governmental organisations. 

Questions involving research could be 
referred to other organisations within 
or outside the system. or, suggest 
ACAST, “to a committee of no more 
than twelve top-level experts or to such 
ad hoc advisory committees or working 
groups as might be necessary”. Such a 
centre could create the setting for 
some sort of planned policy-making for 
science and technology within the 
system, besides providing a mechanism 
for coordination and harmonisation. 
Because it need have only a small staff, 
it could be flexible and could respond 
quickly to changing situations and in 


providing advice to the Secretary- 
General. At the same time, it would 
compete with no existing organisation 
for either resources or authority. 

If set up at the present juncture, such 
a centre could be designed to allow for 
the present restructuring of the various 
organs involved in ECOSOC and in the 
central control of the UN itself. None- 
theless, it would still have to face the 
problem raised by the specialised 
agencies which still seem set against any 
form of coordination, let alone integra- 
tion, as was also made clear at the 
ACAST meeting. 


A message for UNCSTD 


From the immediate point of view 
of the scientific community outside the 
UN, the most interesting discussions 
concerned the meeting to be held in 
Vienna in the week immediately pre- 
ceding UNCSTD, 13-17 August, 1979. 
Known hitherto as “Forum A” (to 
distinguish it from “Forum B”. the 
non-governmental event being held 
parallel with UNCSTD and organised 
by the Austrians themselves), this is 
now the responsibility of ACAST, and 
will probably be called the “ACAST 
Colloquium on Science. Technology and 
Society”. It will be confined to some 
200 invited scientists, technologists and 
other persons, including governmental 
representatives and those of interested 
organisations outside the system. Pro- 
vision is being made for sctence writers 
and other journalists and possibly, if 
space allows, for members of the 
public. This is intended as a serious 
scientific meeting, the output of which 
will include a message from the world 
scientific community to UNCSTD. as 
well as proposals relevant to the con- 
ference programme of action. 

Besides various papers to be prepared 
by the UN Office of Science and Tech- 
nology. which is providing the secre- 
tariat for this meeting, there will be 
important inputs from four symposia 
being held within the context of 
UNCSTD between now and next sum- 
mer. These include that at Tallin, on 
Trends and Prospects with regard to the 
Development of Science and Tech- 
nology (4-8 December 1978): Science 
and Technology for Development 
(Singapore, March 1979) organised by 
a group headed by ICSU; Technology 
for Development (Abidjan, Ivory Coast, 
April 1979); and Science and Tech- 
nology in Development Planning 
(Mexico, May 1979). 

Priority among subjects discussed at 
the present ACAST meeting went to 
those on which the committee’s views 
had been requested by José da Costa, 
Secretary General of next year’s UN 
Conference on Science and Technology 
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for Development (UNCSTD). Insofar 
as the conference itself is concerned, 
the most important of these was the 
discussion of “obstacles to the applica- 
tion of science and technology for 
development”. Having as a basis a list 
of 31 general areas in which such ob- 
stacles might arise, ACAST pointed out 
that this list could be expanded to a 
hundred or more. It considered them 
by categories, each of which might be 
susceptible to the same type of solution 
at national, regional, or international 
level. They then fell into two broad 
groups: political, financial, economic 
and institutional obstacles to develop- 
ment: and those involving education 
and human resources, the availability 
and dissemination of information, and 
the psychological problems inherent tn 
any society subject to the pressures in- 
separable from rapid development. 
ACAST’s suggestions stress the need 
for an integrated approach to speci- 
fic problems that are seen as capable 
of reasonably early solution. Thus, to 
give a few examples: to improve the 
communication gap in a given country 
between its scientific and technological 
community, decision-makers and users, 
a well-mandated national advisory 
council might be set up, that would 
monitor trends and developments and 
interpret them to the leadership, as well 
as interpret political goals and objec- 
tives to the scientific and technological 
community. At the regional level, pro- 
grammes of common interest could be 
identified as part of regional economic 
planning policy, with a regional 
machinery to coordinate and evaluate 
their performance. At a practical level, 
regional servicing facilities might be 
established, to maintain and service 
the special equipment of all developing 
countries in the region; it could main- 
tain a spare parts bank to avoid the 
harrassment of delays in obtaining 
equipment spares. With regard to in- 
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formation at both regional and inter- 
national levels, there should be a 
network of information systems not 
only to act as a data bank, but also to 
assist in collecting trends of develop- 
ment in technologies and to interpret 
their implications for developing coun- 
tries. 

ACAST concluded that “at the 
national, regional as well as interna- 
tional levels, the psychological obstacles 
can only be removed by redesigning and 
strengthening the education, training 
and information systems”. 


Recognising social science 
Finally, ACAST briefly discussed its 
own future. Obviously, if something 
like the UN Centre for Concerted 
Action and Coordination on Science 
and Technology described above is set 
up, there would be a function for a 
small body similar to ACAST, and this 
is already foreseen in the suggested 
“committee of top-level experts”. One 
point of which ACAST is now well 
aware is the need to include, in what- 
ever body replaces it after UNCSTD 
and as a result of the restructuring 
exercise, representatives of the social 
sciences. The intention was never to 
include these when ACAST was set up 
in 1964, but their presence is at last seen 
as essential if a balanced view is to be 
obtained of what science and tech- 
nology are doing, can and should be 
able to do, in the world as a whole. 
This much is now recognised. But what- 
ever the decisions of the General 
Assembly, which has the final say in 
ACAST’s future, it is certain that some 
such body must exist if’ the UN 
Secretary-General, essentially preoccu- 
pied with political affairs and the 1n- 
fighting of the UN system, is to be kept 
aware of what is happening in the 
science and technology on which the 
world increasingly and inevitably now 
depends. 
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Racial resegregation 
measured 


Despite decade-Icng efforts to integrate 
schools, increase individual welfare 
payments and revitalize central cities, 
the underlying conditions attacked by 
these programs remain almost un- 
abated, according three reports de- 
livered at last week’s meeting of the 
American Socio ogical Association in 
San Francisco. 

A new study of school integration 
and the so-called “white flight” of 
middle class caucasian families to 
suburbs from the city centres reestab- 
lishes the seriousness of this problem, 
first treated in a controversial report by 
James Coleman in 1975. Coleman’s 
treatment was severely criticized at the 
time for neglecting concurrent demo- 
graphic changes and not distinguishing 
between forced and voluntary desegre- 
gation. 

Now, David J. Armor of the Rand 
Corporation, Santa Monica, California, 
has analysed imtegregation statistics by 
estimating what out-migration of whites 
would have taken place anyway, taking 
into account the different birth rates 
between whites and blacks, and com- 
paring the results of court-ordered 
busing to voluntary methods of 
desegregation. He concludes that forced 
integration accelerates white flight by 
a factor of from two to four, but that 
voluntary integregation may not ac- 
celerate it at all. 

He compares specific cases by using 
a “desegregation index”, defined as the 
average percentage of white students in 
schools attended by minority students. 
(If minority students were divided 
among all American schools completely 
randomly, each school would have a 
desegregation index of 70 to 80. The 
smaller the index, the less integration.) 

Armot found that, with the begin- 
ning of court-ordered integration, the 
index for a particular school district 
usually jumps. In one year, the de- 
segregation index of Pasadena, Califor- 
nia. rose from 37 to 53. But over the 
next seven years, it steadily dropped 
back to 35, in 1977. By comparison, 
nearby San Diego started its voluntary 
busing plar in 1968 with an index of 
43. The incex rose gradually to 46 and 
has now slipped back to 44. 

During -oughly the same period, a 
variety of orograms were introduced to 
help raise -he average income of blacks 
and other minorities. A report by 
Robert B. Hill of the National Urvan 
League Research Department shows 
that again many early gains have been 
eroded by the “benign neglect” policies 
of the Nixon and Ford Administrations 
and the -wo severe recessions of the 
early 197Gs. 

John Douglas 
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Sunspots and flu: a correlation 


Sir,—Seasonality exerts a profound but 
il-understood influence on epidemic 
influenza. North of the tropic of Cancer 
and south of Capricorn epidemics usually 
break out in winter when the relevant 
portion of the globe of the Earth is most 
distant from the Sun. The purpose of this 
note is to call attention to a longer-term 
association of type A influenza with solar 
activity that has become apparent since 
human influenza virus was discovered in 
the epidemic of 1932-33, namely that the 
periods of world-dominance of successive 
major subtypes of influenza A virus 
have synchronised closely with the 
periodicity of sunspots (see Figure). The 
two sets of cycles are probably 
synchronised at least as far back as 1917. 

Influenza pandemics have occurred in 
the twelve months after type A influenza 
virus has undergone an antigenic shift 
leading to a new major subtype. The new 
major variant with altered haemagglutinin 
(Hy and neuraminidase (N) finds the 
population inadequately protected by 
influenza caused by its predecessor. The 
change has enabled it to bypass their 
immunity. The predecessor promptly 
disappears and the new major variant with 
its minor varieties dominates the world 
causing all the type A influenza for the 
next decade or so until itself displaced by 
the next antigenic shift. The major 
subtypes since 1933 have been identified 
serially according to H & N composition 
as HN, viruses isolated before 1947, 
FLN: 1947-1957, H-N; 1957-1968, HN; 
1968-1978. Each major subtype completely 
disappeared at the next antigenic shift 
except that H,N; viruses reappeared in 
many parts of the world in 1977 and are 
still (28 July 1978) causing influenza 
concurrently with H:N. viruses. The 
pandemic of 1918 is usually attributed to 
antigenic shift producing the major 
subtype HSw,N,. A small outbreak caused 
by virus of this major subtype recurred 
in 1976, 

Sunspots undergo cycles of activity 
varying from seven to seventeen years, 
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average eleven years. Activity increases to 
maximum more rapidly than it declines 
to minimum, and maxima sometimes 
stand upon a plateau of several years of 
approximately equal activity. The true 
solar sunspot cycle consists of two 
consecutive cycles of minimum to 
minimum activity (see Gibson, Edward G. 
Rev, Geophys. Space Phys. 10, 395-462; 
1972). Antigenic shifts of influenza A 
virus to HiNi, HN; and H.N; coincided 
with sunspot maxima of 1947, 1957 and 
1968 respectively. The sunspot maximum 
of 1937 coincided with severe and 
widespread influenza, but no antigenic 
shift was recorded. The sunspot maximum 
of 1928 coincided with a pandemic which 
may have signalised the antigenic shift 
from HSw.iN; to HoN: virus. The previous 
sunspot maximum of 1917 anticipated 
the pandemic cf 1918-19. Fascinating as 
it is to attempt to investigate the 
association throughout the centuries of 
sunspot records, influenza records are 
probably too dubious to make the attempt 
worthwhile. The next sunspot maximum is 
however to be expected shortly, perhaps 
in 1979, The behaviour of type A influenza 
virus during the next few seasons will be 
watched with keen interest tinged with 
apprehension. 
Yours faithfully, 

R. E. HOPE-SIMPSON 
Epidemiological Research Unit, 
Cirencester, UK 


Racism 


Sir,--Professor Eysenck’s clear 
dissociation from the National Front and 
other ‘explicitly’ racist organisations is to 
be welcomed, and I assume that he will 
be taking steps to ensure that the 
organisation and its associated journals 
cease using his name, In the meantime, 
although I am sure that when he denies 
that he has given an interview to The 
Beacon he does so in good faith, a further 
clarification seems required, as I have in 
my possesion a xerox copy of an issue of 
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Sunspot cycles and major variants of influenza A virus. Changes of major variant 
occurred abruptly with disappearance of predecessor variant. R.: Zurich yearly means 
of daily Relative Sunspot Numbers 


The Beacon containing an interview in 
the form of questions and answers between 
someone described as a Beacon reporter 
and someone The Beacon describes as 
Professor Eysenck. Could the granting of 
this interview, by one who gives so many, 
have slipped his mind? 

However, the most serious problem 
with the answers to my letter (Nature 274, 
738; 1978) is that both Professors Eysenck 
and Jensen fall yet again into the 
typological trap of the confusion of social 
and biological categories. To speak of 
“racial mean differences” to is do the 
reverse of to “treat each person 
individually”, which Professor Eysenck 
claims he wants; it is to categorise them 
as belonging to a group, which although 
socially defined (eg, Black, Jewish) 
Professors Eysenck and Jensen regard as 
having biological meaning. The resulting 
scientific errors which flow from their 
attempts to biometrise group 
characteristics are apparent to most 
biologists. As the National Front 
propaganda has shown, racist ideology 
feeds on this biologising thinking, and it 
needs firm public rebuttal. 

Yours faithfully, 
STEVEN ROSE 
Open University, 
Milton Keynes, UK 


Origins of ‘‘ecology”’ 


Sir,-—In reviewing the book by D. Worster, 
Nature's Economy, Kenneth Mellanby 
(Nature, 6 April 1978) states that Haeckel 
“is believed to have coined the word 
[ecology] in 1873". I do not know if the 
word was used earlier, but it is certainly 
true that Ernst Haeckel in his volume, 
Generelle Morphologie der Organismen, 
Berlin, 1866, Vol. 2 (‘Allgemeine 
Entwicklungsgeschichte der 
Organismen”), p 286, states: “Unter 
Oecologie verstehen wir die gesammte 
Wissenschaft von den Beziehungen des 
Organismus zur umgebenden Aussenwelt”’, 
He therefore gives the correct definition 
of ecology, as we understand it today. 
Haeckel goes on (p 287): “Dagegen hat 
sie die Beziehungen desselben zur 
Aussenwelt, die Stellung, welche jeder 
Organismus im Naturhaushalt, in der 
Oeconomie des Natur-Ganzen einnimmt, 
in hohem Grade vernachlassigt”’. 

Haeckel’s definition of ecology, 
integrated with the concept of ecology 
as the study of the “economy of nature’, 
is repeated in Haeckel’s popular 
collections of lectures, Natürliche 
Schépfungsgeschichte (1868), and 
Anthropogenie (1874). Both books were 
translated into many languages, and 
had dozens of editions, containing 
increasing numbers of ‘lectures’. Readers 
may like to refer to a short history of 
the concepts of ‘ecology’ and of the 
‘economy of nature’ in my paper: 
“Ecologia e economia’, Giornale degli 
Economisti, 32, 435-455 (1973). 

Yours faithfully, 
| GIORGIO NEBBIA 

Universita di Bari, Italy — 
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news and views 





Mussel watching 


from B. L. Bayne 


BrvaLve molluscs, particularly mussels 
and oysters, are valuable indicators of 
pollution in coastal marine environ- 
ments and estuaries. Among their 
qualifications for this role are their 
sessile mode of life as adults and a 
capacity for accumulating contami- 
nants in their tissues to levels consider- 
ably higher than in seawater. The first 
attribute makes escape from various 
environmental stresses impossible. The 
second makes bivalves. attractive 
to analytical chemists; whereas most 
pollutants may be present: in sea- 
water in concentrations between 10°" 
and 10°" gg", concentrations in bi- 
valve tissue may vary between 10™ and 
10°‘ g g*. Mussels of the genus Mytilus 
fit this role of indicator organism par- 
ticularly well because they provide con- 
venient amounts of tissue for analysis 
and because they are common members 
of benthic (often intertidal) com- 
munities on hard substrata, with a wide 
and circumpolar distribution in boreal 
and temperate waters of both northern 
and southern hemispheres 

In 1975 Ed Goldberg, of the Scripps 
Institution of Oceanography, proposed 
a ‘mussel watch’ in which collections 
from many sites would be analysed reg- 
ularly for their body-burdens of heavy 
metals, halogenated hydrocarbons, pet- 
roleum hydrocarbons and transuranic 
nuclides The results would provide “‘a 
continuing revelation of how man’s 
activities are altering oceanic composi- 
tion” (Mar. Poll. Bull. 6, 111; 1975). In 
1976 this idea bore fruit with a surveil- 
Jance programme in the USA, under 
contract with the US Environmental 
Protection Agency. Samples of mussels 
or oysters are taken from: 107 stations 
on the West, Gulf and East coasts of 
the US and analysed in five labora- 
tories, each main class of contaminant 
being treated independently by two 
analytical groups. The ‘results of the 
first year’s work have now been pub- 
lished by Goldberg ef al.* The report 
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includes a discussion of sampkng stra- 
tegies, of some of the problems as- 
sociated with seasonal and = size 
variability, and of the economics in- 
volved in sampling and analysis, as well 
as providing detailed tables and discus- 
sions of the results. ` l 
In projects of this kind -care is 
needed in designing the sampling pro- 
cedure in order.to ensure true com- 
patibility between sites. Ideally, animals 
should be taken at. a standard size, 
since the accumulation, of metals at 
least, is known to be size dependent 
(Boyden J. mar.- biol. Ass- U.K. S57, 
675; 1977). Sampling should be limited 
also to a standard tidal level on the 
shore and to a particular season of the 
year (Phillips Environ Pollut. 13, 281; 


1977). When the project covers a very - 


wide geographical area, these may be 
difficult constraints to meet. Goldberg 
et al. sampled monthly at two stations 
and found no significant seasonal trend 
in concentrations: of heavy metals or 
halogenated -hydrocarbons; although a 
seasonal change in 7™™'Pu and “Am 
was interpreted as due to a change in 
the environment rather ‘than a season- 
ality in the physiology of the animals 
There have, however, been other re- 
ports of seasonal changes in the con- 
tamination of mussel ‘tissue, a result to 
be expected knowing the large seasonal 
changes in metabolism that occur in 
bivalves associated with gametogencsis 


-and the availability of food. In a widely 


based mussel watch it would be wisest 
to include independent checks for pos 


“sible seasonal effects. 


Another problem is posed by the 
treatment of the samples before ‘ana- 
lysis. Mussels feed -on suspended par- 
ticulate 
suggest that this is the main route for 
contamination by radionuclides) and, 
particularly in estuaries, their stomachs 
are ‘likely “to contain much inorganic 
material that would normally be passed 
out in the faeces. Consequently, -a 
period of 12-48h spent in clean sea- 
water’ between sampling and analysis, 
in order to clear the gut- by defaeca- 
tion, .is` generally to be recommended. 
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But this is not practicable in a project 
on the scale of the US mussel watch, 
where samples were frozen on dry ice 
immediately following collection. 
Another potential problem, that of 
calibration between laboratories, was 
specifically addressed in the US mussel 
watch, and the results are generally 
encouraging. Agreement between ana- 
lytical laboratories was satisfactory for 
most of the metals and for the tran- 
suranic nuckides. Consistent differences 
occurred between laboratories in the 
analysis of the two principal degrada- 
tion products of DDT, p,p’-DDE and 
p,p-DDD These differences are not 
viewed as alarming, particularly since 
all samples were sent for analysis to 
each laboratory chosen to analyse the 
particular contaminant. However, the 
need for careful intercalibration studies 
in future prcgrammes is emphasised. 
Having measured the concentration 
of each contaminant in all samples, a 
decision on whether the environment is 
‘polluted’ must be made. It is on this 
point that some argument is to be ex- 
pected. Goldberg ef al. recommend 
that order of magnitude differences (or 
variations over time) should be con- 
sidered significant when considering 
metals or halogenated hydrocarbons 
On this basis particular pollution ‘hot- 
spots’ are recognised, for example the 
New York-New Haven area for metals 
and numerous sites of PCB pollution 
on the East coast. For PCB 1245, rela- 
tively unpolluted areas show tissue 
levels léss than 50x10 °g" dry 
weight, whereas polluted areas have 
levels as high as 600x107°-800X 
10° gg". This criterion of an order 


‘of magnitude difference in order to dis- 


criminate between polluted and ur- 
polluted sites is conservative, but 
rigorous enough in the context of the 
US mussel watch data; how generally 
applicable it may be remains to be 
seen. In setting such a criterion, how- 
ever, the need for samples from a large 
number of sites is emphasised. As Gold- 


B. L. Bayne ts at the Institute for Marine 
Environmental Research, Plymouth. 
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berg et al. point out, some locally high 
values for metals, in particular, may be 
due to natural estuarine run-off 
(see Bryan & Hummerstone J. mar. 
biol. Ass. U.K. 58, 401; 1978) rather 
than industrial pollution. This is one 
aspect of the perennial problem in pol- 
lution monitoring, the setting of 
natural ‘base-lines’ for particular con- 
taminants. Only by treating many 
samples from a large number of sites 
can a real appreciation be gained of 
true minimal concentrations of pol- 
lutants, and this must be particularly 
true in the coastal waters of indus- 
trialised states. 

Using these and other criteria, the 
US mussel watch has identified certain 
areas of pollution; some of these con- 
clusions came as no surprise, others 
remain more of a mystery. The study 
demonstrates the usefulness of the con- 
cept and argues strongly for an even 
wider geographical coverage. Indeed, 
Goldberg’s original aim was for a 
global marine monitoring programme. 
The interest already shown by some 
countries (the proposed Mediterranean 
mussel watch, for example) suggests 
that an increase in geographical scope 
can be achieved. 

This prospect poses a challenge for 
the biologist. Measuring the levels of 


contaminants in the tissues of molluscs 
does provide information on levels of 
contamination of the water, but the 
question naturally follows: “What is 
the biological impact of these pollution 
loads?” To some extent, chemical 
studies of pollution require biological 
confirmation, for it is in the intensity 
of the effect on the biota that questions 
of pollution acquire environmental 
realism. Means of assessing the bio- 
logical effects of pollutants are gradu- 
ally being made available (On the 
feasibility of effects monitoring, Co- 
operative Research Report No. 75, 
ICES: 1978) and they vary from 
measures of biochemical response 
through indices for assessing the 
physiological condition of individuals 
to attempts to relate components. of 
animals’ responses to the possibilities 
of lasting ecclogical damage. Much of 
this research is focused on marine 
bivalve molluscs for the same reasons 
that render these animals attractive to 
analytical chemists. In promoting a 
wider application of the mussel watch 
concept, therefore, attention should be 
given to the incorporation of measures 
of biological impact. Goldberg er al. 
comment briefly on this point in their 
article, but it is a challenge to which 
the biologists need to respond. a 


Autoimmunity revisited 


from Noel R. Rose 


Ir is now some 25 years since auto- 
immunity emerged as a plausible cause 
of a number of mysterious human 
diseases. But, despite the demonstra- 
tion of autoantibodies in patients’ sera 
or localised in affected tissues, there 
has been little understanding of how 
the autoimmune process gets started. 
The initiating event in human disease 
is certainly not deliberate injection of 
autologous antigen mixed with a suit- 
able potentiating agent like complete 
Freund adjuvant, as it is in experi- 
mentally immunised animals. It now 
seems likely that one of the important 
prerequisites of autoimmune disorders 
in the human is genetic predisposition. 

Early evidence that genetic abnor- 
malities predispose to human auto- 
immune diseases stemmed mainly from 
two kinds of studies. Astute clinicians 
noticed that certain autoimmune 
diseases cluster with unexpected fre- 
quency in some families. When ob- 
jective markers of autoimmune 
disturbance became available in the 
form of tests for autoantibodies, a 
statistically significant increase in auto- 





*The meeting was organised by N. Rose. P. 
Bigazzi and N. Warner. The full proceedings are 
being published by Elsevier-North Holland. 
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immunity was documented even in 
clinically unaffected relatives of auto- 
immune patients. A recent line of 
evidence to support a genetic 
predisposition towards autoimmunity 
has come from investigations relating 
autoimmune diseases (as well as quite 
a number of non-immunological dis- 
eases) to genetically determined cell 
surface markers, especially HLA 
alleles. While rarely firm enough to be 
of practical diagnostic value, these 
statistical associations point to the 
existence of disease-susceptibility genes. 

The World Health Organization Col- 
laborating Center for Autoimmune 
Diseases, located at Wayne State Uni- 
versity, sponsored a Workshop on 
Genetic Control of Autoimmune 
Disease in July 1978.* The purpose of 
the meeting was to see if the newly 
generated information derived from 
genetic investigations might open novel 
approaches to the diagnosis and treat- 
ment of human autoimmune disorders. 

To begin, P. Terasaki (University of 
California, Los Angeles) and A. Svej- 
gaard (State University Hospital of 
Copenhagen) analysed the voluminous 
evidence associating autoimmune dis- 
orders with particular HLA alleles. 
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Large-scale population studies have 
clearly shown that a disproportionate 
number of individuals with particular 
HLA alleles develop certain diseases. 
Putative disease-susceptibility genes are 
spread all along the HLA complex, but 
the closest associations are with alleles 
at the D locus. For example, Dw2 is 
increased in multiple sclerosis, and 
Dw3 in a number of different auto- 
immune diseases, including  thyro- 
toxicosis (Graves’ disease), spontaneous 
adrenal insufficiency (Addison’s dis- 
ease), and pernicious anaemia. These 
same diseases show a significant but 
somewhat reduced association with one 
of the antigens in the B series, B8. This 
finding is most easily explained by as- 
suming that B8 and Dw3 do not sort 
randomly; that is. are in linkage dis- 
equilibrium. As T. Roitt (Middlesex 
Hospital, London) pointed out, rheu- 
matoid arthritis is unusual in that it 
associates with Dw-4 and shows no sig- 
nificant affinity for antigens of the A, 
B, or C series. Although statistically 
significant, these HLA associations are 
still distant enough to indicate that 
other genes and non-genetic factors 
greatly influence the development of 
autoimmunity. For example, genetic 
disorders in the particular target organ 
or sex-associated factors (these diseases 
are almost all more common in females 
than in males) are probably involved. 

Sometimes HLA typing helps to dis- 
tinguish different varieties of what was 
thought to be the same disease. Two 
different forms of diabetes mellitus can 
now be distinguished by HLA typing. 
The so-called juvenile-onset or insulin- 
dependent form of diabetes is asso- 
ciated in Dw-3, while individuals 
without this genetic marker are more 
likely to develop a late onset form of 
disease that can be controlled by diet 
or oral hypoglycemic agents, not re- 
quiring insulin. As J. Irvine (University 
of Edinburgh) emphasised, distinction 
between the two forms of diabetes 
should now be made, not on the basis 
of age of onset, but on HLA type and 
immunological response to pancreatic 
islet cells. HLA typing is also useful 
in prognosis; for example, those 
patients with Graves’ disease who are 
HLA-B8 are less likely to undergo 
spontaneous remission than patients 
lacking this trait. I. Mackay (Hall 
Institute, Melbourne) distinguished two 
forms of chronic active hepatitis on 
the basis of immunological response. 
The autoimmune type of the disease 
shows an increase in HLA-Al, B8 and 
Dw-3. No such HLA association is 
found in chronic , active hepatitis 
patients who are positive for Australia 
antigen. 


Noel R. Rose is Professor and Chairman 
in the Department of Immunology and 
Medicine, Wayne State University. 
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The most likely role of HLA in de- 
termining susceptibility to disease is 
through immune response genes that 
determine recognition of a particular 
antigenic determinant. Evidence for 
this concept is based mostly on the close 
resemblance of HLA to mouse H-2, 
which is known to control immune 
responses. 

Among the models available for the 
study of spontaneously appearing auto- 
immunity in animals, the New Zea- 
land (NZ) strains of mice have been 
by far the most profitable. The NZB 
strain spontaneously develops haemoly- 
tic anaemia, and the hybrid obtained 
by crossing NZB with the apparently 
normal NZW strain results in an auto- 
immune disease closely resembling 
human systemic lupus erythematosus 
(SLE). Extensive efforts have been 
made to sort out the several genetic 
factors controlling these autoimmune 
disorders, but a clear definition has not 
yet been obtained. To complicate mat- 
ters, NZ mice contain abundant type 
C virus particles. Viral genes code for 
glycoprotein which closely resembles a 
mouse glycoprotein, and the possibility 
was raised that antibody originally in- 
duced to viral proteins may cross react 
with the comparable mouse antigen. 
However, S. Datta (Tufts University) 
showed that viral genes segregate in- 
dependently of ‘autoimmunity’ genes, 
removing the possibility of a cause-and- 
effect relationship between viral infec- 
tion and autoimmunity. 

A more likely possibility to explain 
the spontaneous development of auto- 
immune disease in NZ mice is a fund- 
amental disorder in immunological 
regulation. H. Cantor (Harvard Medi- 
cal School) demonstrated an early de- 
ficiency in the subset of T lymphocytes 
responsible for immunological equili- 
brium. These cells, recognised by their 
antigenic surface markers, Ly 123+, 
produce feedback suppression of anti- 
body production. N. Talal (University 
of California, San Francisco) further 
showed that the paucity of suppressor 
T cells in NZ mice can be at least 
partially remedied by thymic extracts. 
Another view, of the fundamental NZ 
abnormality emerged from experiments 
of FL Morse and T. Chused (National 
Institutes of Health). B cells of NZB 
mice show spontaneous polyclonal 
activation even in the absence of T 
celis. These findings suggest that NZ 
mice suffer from an intrinsic lesion in 
their B cells There may be a more 
basic stem cell defect affecting both 
regulatory T cells and B cells. 

In contrast to the multiple autoim- 
munities present in NZ mice, a single 
autoimmune disorder can be demons- 
trated in the OS strain of chickens. 
These animals spontaneously develop 
a classical form of chronic thyroiditis 
L. Bacon (Wayne State University) 
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DNA structure and transcription 


from Andrew Travers 


THE mechanisms controlling tran- 
scription during the development of 
different bacteriophages are extremely 
diverse. Yet another solution hag 
emerged from the studies of 
Rothman-Denea and her colleagues 
on coliphage N4. N4, in common with 
Bacillus subtilis phage PBS2, but un- 
like all other commonly studied 
phages, does not apparently require 
the host RNA polymerase for any 
viral transcription. Instead the virus 
contains a virus-coded transcriptase of 
novel structure. This enzyme consists 
of a single protein chain about 4,000 
amino acids long and is thus one of 
the largest polypeptides so far identi- 
fied. 


How does this enzyme function? 
Its equally novel template require- 
ments are now reported in the latest 
paper from Chicago (Falco et dl. 
Proc. natn. Acad. Sci. U.S.A. 75, 
3220; 1978). In vitro N4 RNA poly- 
merase strongly prefers N4 DNA, 
which it copies asymmetrically, pro- 
ducing transcripts corresponding to 
those RNA molecules synthesised in 
vivo immediately after phage infec- 
tion. However, in contrast to other 
bacteriophages, the enzyme has the 
virtually absolute requirement that 
this template be denatured. Another 
pointer to the unusual nature of the 
specificity of the enzyme is the 
observation that in vivo N4 RNA 
synthesis is specifically inhibited by 
coumermycin, a drug whose target is 
DNA gyrase, the enzyme responsible 
for inserting negative superhelical 
turns into closed circular duplex 
DNA The% results suggest that 
DNA gyrase must modify the 
structure of N4 DNA before it can 
be transcribed by the virion RNA 
polymerase. Consequently, the 
authors propose that superhelical 
DNA may be the required natural 
template for the enzyme. 

Assuming this hypothesis to be 
correct, we have to ask how the 
introduction of negative twists into 
presumably closed circular N4 DNA 
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found that the trait is polygenic but is 
significantly linked to the B locus (the 
chicken’s MHC) in certain families. In 
other families the B locus linkage may 
be obscured due to over-riding effects 
of other genes. Other genetic defects 
have been found in the OS thymus and 
in the thyroid gland itself. 


so dramatically promotes transcript- 
tion. The best current analogy comes 
from studies on Escherichia coli RNA 
polymerase. Before initiating tran- 
scription this enzyme recognises a 
promoter site extending over a region 
of at least 40-50 base pairs, and sub- 
sequently effects a change in DNA 
conformation at the binding site, a 
process termed promoter opening. It 
is well established that increasing the 
superhelical density of phage DNA 
templates substantially enhances the 
rate of transcription initiation by the 
bacterial polymerase. This enhance- 
ment could result from a direct 
facilitation of enzyme-mediated pro- 
moter opening. Alternatively the 
introduction of superhelical turns 
could alter the parameters which the 
enzyme recognises in the DNA tem- 
plate sufficiently to change the 
initial affinity of the polymerase for 
a promoter site. 

At present the available experi- 
mental evidence does not distinguish 
between these possibilities However, 
Levitt (Proc natn. Acad, Sci. U.S.A. 
75, 640; 1978) has recently calcu- 
lated that supercoiling can, in theory, 
alter the number of base pairs per 
turn of the double helix by as much 
as 5%. If this result is applicable to 
the real world, it is difficult to escape 
the implication that the spatial 
airangement of the DNA sequence 
in a supercoiled molecule differs sub- 
stantially from that in a relaxed one. 
Consequently unless one invokes the 
additional ad hoc assumption that 
RNA polymerase possesses a similar 
molecular flexibility it seems highly 
plausible that the detail of the initial 
contacts of the enzyme with a 
given promoter site will strongly 
depend on the extent of superhelicity 
of the template. However, the 
capacity of the bacterial polymerase 
for differential promoter recognition 
can be extensively modulated by 
factors other than subtle variations 
in DNA structure. Under these cir- 
cumstances the N4 virion RNA poly- 
merase promises to provide an attrac- 
tive simpkr system to test for the 
effects of supercoiling on promoter 
recognition and opening. 


On the basis of the many studies 
of spontaneously developing autotm- 
mune disease in animals, three types 
of genetic eccentricity can be 
recognised. One is an increase in im- 
munological responsiveness, possibly 
due to the presence of immume res 
ponse genes within the MHC. Such a 
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gene is probably present in the OS 
chickens. A second lesion appears in 
the thymus and in the regulatory cells 
developed in the thymus. A third gen- 
etic defect probably occurs at the level 
of the target organ and determines 
where the particular pathological 
damage may be found. 

Among the models of induced auto- 
immunity in animals, the most clearly 
defined is experimental allergic en- 
cephalomyelitis (EAE). D. Gasser (Uni- 
versity of Pennsylvania) found that in 
the rat the development of disease is 
associated with the MHC, but other 
non-MHC related genetic controls can 
also be recognised. In mice the situation 
is even less clear-cut, because natural 
suppressor cells have a major, and 
possibly over-riding, influence. In some 
strains it is possible to detect genetic 
control by reducing the effect of T 
suppressor cells with cyclophosphamide 
treatment (R. Arnon, Weizmann Insti- 
tute). 

Another good model for studying 
genetic control of induced autoimmune 
responses is experimental thyroiditis. 
In mice, where many genetically de- 
fined inbred strains are available, Y. 
Kong (Wayne State University) was 
able to delineate at least two genes that 
regulated the response to mouse thyro- 
globulin. One. located near the K end 
of the H-2 complex, appeared to be a 
typical immune response gene. A 
second-order gene near the D end of 
the complex modified the immune res- 
ponse so that the pathological damage 
to the thyroid was heightened or 
diminished. 

H. Wekerle (Max Planck Institute, 
Freiburg) has developed a method of 
autosensitising T lymphocytes in vitro. 
His experiments strongly suggest that 
self-responsive precursor T cells are 
normally present in the body but held 
in check by homeostatic immunologi- 
cal mechanisms. Further evidence that 
self-responsive lymphocytes are nor- 
mally present to testicular antigens 
emerged from experiments described 
by P. Bigazzi (University of Connecti- 
cut), who found that vasectomy of 
rats and mice engenders production of 
sperm-specific antibody, a response also 
reported in vasectomised men. 

Until recently. most immunologists 
believed that the lack of response to 
self-antigens came about because lym- 
phocyte clones that carried receptors 
to self-antigens were eliminated at 
birth. The investigations described dur- 
ing the Cranbrook meeting contra- 
dicted this view. The data showed that 
both T cells and B cells capable of 
reacting with many self-antigens are 
present and waiting to be triggered. 
The prevention of autoimmune res- 
ponses, therefore, requires continuous 
and active suppression. 

Two regulatory mechanisms were 
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discussed in some depth. The first is 
the generation of antibodies to idio- 


types, as described by H. Wigzell 
(University of Uppsala). Idiotypic 
determinants characterise antibody 


molecules and immunocompetent cells 
of a particular antigenic specificity. 
idiotypic antibodies are strong candi- 
dates for physiological regulators of 
immune response, as they can control 
production of antibodies with particu- 
lar specificities by stimulating or inhi- 


biting idiotype-bearing immunocom- 
petent cells. 
[Immunological regulation also de- 


pends on the balance of suppressive 
and stimulatory subsets of T cells. The 
balance depends on the properties of 
the antigen and the method of ad- 
ministration. R. Swanborg (Wayne 
State University) found that certain 
determinants of the EAE antigen 
favour suppressor cell production, 
specially if given with incomplete rather 
than complete Freund’s adjuvant. E. 
Engleman (Stanford University) re- 
ported that he could generate in vitro 
a factor from human T cells that sup- 
pressed allogeneic lymphocyte inter- 
reactions. The suppression is genetically 
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restricted by the D locus of the react- 
ing cells, re-emphasising the crucial 
role of the MHC in immunological 
regulation. 

To many participants, the meeting 
at Cranbrook foreshadowed a new 
stage in the thinking about human 
autoimmune disease, with a shift 
from descriptive to interventionist ap- 
proaches. Until now, genetics has 
contributed mainly to understanding 
the natural history of autoimmune dis- 
orders, offering improvement in diag- 
nosis and classification. Now it seems 
that the tools may be at hand to arrest 
the pathological process. One most 
promising lead is the deliberate genera- 
tion of suppressor T cells in vitro, 
possibly followed by hybridisation with 
established cell lines and production of 
suppressor factors. Another possibility 
is to induce idiotypic antibodies with 
restricted specificity for self-reactive 
immunocompetent cells. The coming 
years should provide several opportuni- 
ties for designing specific insmunothera- 
peutic manoeuvres rather than relying 
on nonspecific immunosuppression for 
the treatment of autoimmune diseases. 


CO 


The decline and fall of protein chemistry? 


from Alan D. B. Malcolm 


For more than 20 years the techniques 
of protein chemistry, including sequen- 
cing have played an enormous role 
in the development of biochemistry. 
It seems likely however that six papers 
in the Journal of Biological Chemistry 
(253, 5484; 1978) may be the zenith 
of this particular branch of science. 
These describe the complete sequence 
of f-galactosidase from Escherichia 
coli, which with a molecular weight of 
116,349 is the largest protein so far 
sequenced. Its 1,021 amino acids gave 
rise to 72 chymotryptic peptides (op. 
elt. 5484), 24 cyanogen bromide pep- 
tides (op. cit. 5499) and 89 tryptic pep- 
tides (J. biol. Chem. 247, 5425; 1972) 
and the separation and ordering of 
these has taken A. Fowler, I. Zabin 
and colleagues at the University of 
California at Los Angeles eight years, 
and involved growing E. coli on 
{*C]lysine and [*C]arginine as well as 
(‘H]methionine to increase the sensi- 
tivity of detection. The techniques of 
nucleic acid sequencing have developed 
so quickly that this is now much easier 
than protein sequencing—-a fact which 
is acknowledged at the end of the last 
paper (J. biol, Chem. 253, 5521; 1978) 
where the authors state that the 
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sequence of the first 145 residues 
agrees with that predicted from the 
DNA sequence determined in W. 
Gilbert’s laboratory at Harvard. It can- 
not be long before the rest of the DNA 
sequence is used to confirm or correct 
the protein sequence. 

In this, the -galactosidase sequen- 
cers have a problem similar to that of 
Ovchinnikov’s group in Moscow who 
set out several years ago to sequence 
the subunits of RNA polymerase. They 
published the sequence of the a-subunit 
(molecular weight 36,512) last year 
(FEBS Lett. 76, 108: 1977) but before 
they could finish the two large subunits 
(B and £’, with molecular weights of 
155.000 and 165,000) comes the news 
from Nomura’s laboratory in Madison 
that part of the DNA is being sequenced 
thus making the protein sequence 
almost (but not quite) redundant. 
Nomura is using transducing phage 
A drif'i8 which contains rpoB and 
rpoC-—-the adjacent genes which code 
for B and £8’. Identification of precise 
start points for the protein on the DNA 
is made a lot easier by the fact that the 
N terminal tetrapeptide sequence has 
been known for some time (Fuyiki & 
Zurek FEBS Lett. 55, 242; 1975) and 
it seems likely that the protein chemist 
will still have to provide such short 
sequences in the future. 
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An interesting illustration of the 
changeover from protein to nucleic 
acid sequencing | may be seen in the 
analysis of the. phage à repressor (Sauer 
& Anderegg Biochemistry 17, 1092; 
1978) where. the authors have used a 
combination ‘of classical. sequential 
Edman degradation, the more recent 
gas chromatography—mass. spectrometry 
peptide sequencing and also the partial 
Sa oe t 1¢ gene (which codes 

‘répressor) obtained by the 
nique. The entire 
sidues was deter- 
way and 179 of 
tby GC-MS. The 
as then used both as 
ion and also to resolve 
th previous authors 
nborn Molec. gen. 
976) over the amino 
ositions 14, 40 and 
ke t > repressor, the A 
repressor binds to. DNA through its N 
terminus and this region is highly basic 
with clusters of lysine and arginine at 
3-5, 16, 17, 19 and 24-26. | i 

Molecular analysis of the fac 
operon and its control regions is yet 
closer to completion with the recent 
publication of four papers (Nature 




























274, 762; 1978) which include sequences | 


for the promoter of the repressor gene 
= (Calgs Nature op. cit. 762) and the 

sequence of the repressor gene itself 
(Farabaugh Nature op. cit. 765). In both 
these papers the problem of obtaining 
enough DNA has been overcome by 
cloning restriction fragments shown to 


contain the relevant sequences in the- 


plasmid vector pMB9, and again a 
transducing phage, A A8Odlac, 
carries the Jac operon, was useful as 
the original source of the DNA. The 
sequence of the repressor gene sug- 
gested that two peptides had been over- 
looked in the original sequence of the 
repressor (Beyreuther et al. Proc. natn. 
Acad. Sct. L 
also suggests that Gln should be Glu 
at positions 164 and 215. Beyreuther 
has checked the protein 
(Nature op. cit. 767) and has found the 
missing residues—two are from a 
CNBr peptide at positions 231 and 232 
and the other eleven at positions 148- 
158 are part of a tryptic peptide. Thus 
not only is DNA sequencing faster, but 
it is also less likely to lose fragments 
as a result of their small size or in- 
solubility. 

Of course it is still easier to purify 
a particular protein than to purify and 
characterise a particular segment of 
DNA but the latter is becoming easier 
all the time. In Cel/ (14, 673; 1978), 
Montgomery et al. report the isolation 
of the yeast cytochrome c gene. 
Several EcoRI restriction fragments of 
yeast DNA were found to hybridise to 
a synthetic oligodeoxynucleotide com- 
plementary to a region near the NH: 
terminus of the protein. A comparison 
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which 


U.S.A. 10, 3576; 1973), and 


sequence 


with the fragments obtained from a 
structural gene mutant where a G> T 
mutation abolishes an EcoRI site en- 
abled the fragment containing the gene 
to be identified. The sequence of the 
first 91 nucleotides agrees exactly with 
the protein sequence. It will obviously 
not be long before phylogenetic trees 
based on nucleic acid sequences totally 
displace the less meaningful ones based 
on proteins. 

Even the methods such as chemical 
modification developed to identify the 
residues vital for a protein’s function 
now have a powerful rival in the tech- 
nique of site-directed mutagenesis 
developed in Weissmann’s laboratory in 
Zurich. This involves using a restric- 
tion enzyme in the presence of 
ethidium bromide to introduce a cut in 
only one strand of the DNA and then 
using the fact that DNA polymerase | 
will hydrolyse from the S’ end and re- 


synthesise at the 3’ end of the break. 


By allowing this ‘nick translation’ to 
occur in the absence of some. of the 
deoxynucleotide triphosphates.and in 
the presence of a nucleotide analogue 
such. as hydroxy dCTP (HOdC), the 
analogue may be incorporated just once 
at a predetermined position. Since 
HOdC can base pair with either G or 
A subsequent generations will either 


Astronomers licked by QSOs 


active galactic nuclei 
from John Faulkner and Martin Gaskell 


A RECENT workshop on quasars and 
active galactic nuclei hosted by Lick 
Observatory provided not only an ap- 
propriate topic for discussion at this 
centre of optical and theoretical work 
on emission line objects, but also 
provided a forum for the exchange of 
views (and occasionally insight) derived 
from other wavelength regions. 
Important contributions were made 
towards the resolution of long-standing 
problems: in other cases recently dis- 
covered problems became even more 
acute. 

The subject is bedevilled for the non- 
specialist by the terminology used to 
describe the vast subclasses of objects 
observed (QSOs. BSOs, OSQs, BL Lacs, 
OVVs, NLRGs. BLRGs, AO 0235+ 
164 objects and so on). It was not 
always clear that many of the partici- 
pants bore the numerous fine observa- 
tional distinctions between these 
objects in mind in their discussions, or 
even whether they should have. There 
did seem to be a tacit assumption that 
all QSOs and active galactic nuclei 
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be wild type or have a mutation at this 
site and the properties of the mutant 
may now be stucied. So far this has 
been used to convert the Q8 phage 
coat protein cistren initiation sequence 
AUGGCA to AUAGCA or AUGACA 
or AUAACA and to study the effect 
on ribosome biading (Taniguchi & 
Weissmann J. molec. Biol. 118, 533; 
1978: News and Views 272, 397; 1978). 
Perhaps surprisingly a G-> A muta- 
tion in the fourth position actually 
increases the efficiency of ribosome 
binding whereas a G —> A transition at 
the third position totally eliminates 
binding. The couble mutant binds 
weakly. It seems as though the ability 
of the mutant A at position four to 
hydrogen bond tə a U next to the CAU 
anticodon on .fMet-tRNA must be 
responsible. Weissmann has now 


















applied this trick to the gene for rabbit 
B-globin {alb n.a plasmid rather 
than in. the va (Muller et al. 
J. molec Biol V24, 343; 1978). Such 
an approach _ will clearly have a 
tremendous act on attempts to 
establish struccure—function relation- 


ships for- proteins. Custom designed 
mutants seem “ikely to make much of 
today’s elegant protein chemistry seem 
very ue: CI 





(AGNs) are indeed manifestations of 


varying degrees of the same 
phenomenon, 

The similarities and differences 
between radio-selected QSOs and 


optically-selected QSOs (OSQs) were 
discussed by several participants. Tech- 
niques for fFnding OSQs are improv- 


ing. Less than 10% of these are 
turning out to be ‘radio-loud’; and of 
the latter only a very small fraction 


are extended sources, which prompted 
D. Weedmen’s remark that “it’s just 
ironic that radioastronomers found 
OSOs”. A. Savage (Royal Observatory. 
Edinburgh) emphasised the problems of 
personal judgment in the selection of 
objects frona prism plates. For example, 
one person might preferentially find 
high red-snifted, another low red- 
shifted OSQs on examining the same 
plates. It is therefore not yet possible 
to compare directly the surface densi- 
ties of radio QSOs and OSQs. It does 
seem, however, that the surface density 
of OSOs increases to fainter magni- 
tudes without any cutoff, in contrast to 
radio QSOs which have a peak in their 
magnitude distribution. Both Savage 
and P. Osmer (CTO; remarked that 
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radio-loud QSOs are far more likely to 
be optically variable than are radio- 
quiet QSOs. 

No doubts at all were raised over 
the cosmological interpretation of 
emission line redshifts. Indeed almost 
the last nail in the non-cosmological 
redshifts coffin was hammered in by 
the acclaimed work of A. Stockton 
(Hawaii), who gave strong evidence for 
an association of galaxies with bright 
QSOs. Furthermore he showed that the 
redshift distributions of the associated 
galaxies were essentially symmetric 
about the emission line redshifts-—thus 
lending great weight to the formerly 
disputed notion that the ỌSO emission 
line redshift is a ‘true’ cosmological 
redshift. 

An important recent development in 
the often frustrated application of 
QSOs to cosmology has been the dis- 
covery and employment of the ‘Baldwin 
effect’ (a correlation between the CIV 
line strength and continuum luminosity: 
see Baldwin et al. Nature 273, 431: 
1978; News and Views 273, 428: 1978). 
At the workshop it became increasingly 
clear that the Baldwin effect is most 
strongly seen in flat-radio spectrum 
QSOs. for which it was in fact first 
established. Osmer, for example. has 
now found faint weak-lined OSQs so 
that ‘violation’ of the effect by the 
radio-quiet QSOs can no longer he en- 
tirely attributed to an optical selection 
effect. In addition Harding E. Smith 
(University of California, San Diego) 
has identified a new subset of steep ra- 
dio spectrum QSOs possessing unusual- 
ly steep optical spectra (and of intrinsic 
interest in themselves) which do not 
satisfy the Baldwin effect. Nevertheless, 
C. M. Gaskell (Lick Observatory) 
reported that the Baldwin effect does 
seem to be holding up well in the face 
of new data for the flat radio spectrum 
objects. However, the use of the rela- 
tionship to derive a value for the 
deceleration parameter ge of well over 
0.5 provoked perhaps the most lively 
controversy of the workshop. Some 
support for a g» of around | came from 
R. F. Green (Caltech) in his application 
of the Baldwin effect to satellite ultra- 
violet observations of two flat radio 
spectrum QSOs. This holds promise, as 
further data comes in from the Inter- 
national Ultraviolet Explorer (TUE), 
that a wider redshift range can be 
used and applied to cosmology. 
Naturally, for that application it will 
be important to demonstrate that evo- 
lutionary effects are either absent or 
can be correctly allowed for. In this 
respect the infrared observations of 
Puetter (University of California, San 
Diego) and the TUE observations of 
J. B. Oke (Caltech) and Green were 
important for showing the similarities 
between high and low redshift QSOs 
when regions of the same rest wave- 
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length are compared. 

All these observations accentuated 
recent problems in understanding the 
relative intensities of the hydrogen 
emission lines in both QSOs and Seyfert 
galaxies. Problems which had arisen 
earlier on a comparison of lines in 
composite spectra (which might there- 
fore be suspect if QSOs of differing 
redshifts were dissimilar) were brought 
into stark focus now as it became clear 
that the Ly a to H B line ratios dif- 
fered from those predicted by recombi- 
nation theory by a factor of ten, and 
that this could not be explained by 
simple external reddening alone. Des- 
pite the endeavours of H. Netzer 
(Texas) and R. London (JILA, Colo- 
rado), no single mechanism seemed 
able to produce the desired suppres- 
sion of Ly @ or enhancement of the 
Balmer lines. 

The nature of QSO absorption lines 
(that is, whether they are due to 
intrinsic or intervening matter) remains 
unresolved. There are still a large 
number of unidentified lines, differing 
from QSO to QSO. A. E. Wright 
(A.A.O.) made the (serious) suggestion 
that progress might be achieved by 
assuming that all absorption lines blue- 
ward of Ly a emission which had 
formerly been assumed to be all Lyman 
lines. should instead be assumed not to 
be Lyman lines at all. A. Wolfe (Pitts- 
burgh) reported the detection of a third 
21-cm absorption line QSO. 

G. K. Miley (Leiden) in collabora- 
tion with J. S. Miller (Lick), produced 
the first significant correlations between 
the optical spectra and radio morph- 
ology of QSOs. Extended sources have 
broader and more complex Hf profiles. 
A direct outcome of the workshop was 
a collaboration between Miley and 
R. Angel (Arizona) which showed a 
striking correlation between the posi- 
tion angles of the optical polarisation 
and the large scale radio structure of 
the double sources. 

No startlingly new theoretical ideas 
were produced. although many old 
scenarios have been pushed much 
further. In particular the detailed 
evolution of the dense nuclei of 
galaxies has been pursued by M. C. 
Begelman (Cambridge) and S. I. Blin- 
nikov (Moscow). It seemed that all 
routes led to black holes. 

The organisers had assigned M. J. 
Rees (Cambridge) the heroic task of 
chairing the session on complete 
models; a job which proved even more 
challenging when none was forthcom- 
ing. The model of R. D. Blandford 
(Caltech) and Rees, which tried to 
explain BL Lacertae objects as 
ordinary QSOs viewed with their highly 
relativistic jets pointing at us. met with 
firm opposition from the observers on 
whom these jets were supposedly 
aligned. E 
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A hundred years ago 


The Sea-Serpent Explained 

On Monday, August 5, a number of 
geologists crossed in the Folkestone 
boat to Boulogne. to study the in- 
teresting formations of that neighbour- 
hood. and, when about three or four 
miles from the French coast. one of 
these gentlemen suddenly exclaimed, 
“Look at that extraordinary object 
passing across the bow of the steamer, 
about a mile or a mile and a-half in 
advance of us!“ On turning in this 
direction there was seen an immense 
serpent, apparently about a furlong 
in length, rushing furiously along at 
the rate of fifteen or twenty miles an 
hour; it was blackish in front and 
paler behind; its elongated body was 
fairly on the surface of the water, 
and it progressed with an undulating or 
quivering motion: mirum erat specta- 
culum sane, 


Of course many suppositions were 
immediately started to account for this 
extraordinary phenomenon, but they 
quickly changed and settled into the 
fixed idea that the object before them 
could be nothing less than the great 
sea-serpent himself: for, 

“Prone on the flood. extended long and 

large, 

Lay floating. many a rood, in hulk as 

huge 

As whom the fables name of monstrous 

Size, 

Leviathan; which, 

Created 

stream,“ 


God of all his works 
hugest, that swim the ocean 


The writer fortunately had with him 
one of Baker’s best opera-glasses, and, 
after a few moments’ use of this little 
instrument, the wonder was satisfac- 
torily resolved. The first half of the 
monster was dark and glittering and 
the remainder of fainter hue, gradually 
fading towards the tail. The glass did 
not determine the matter until the 
extreme end was reached, and then 
it was seen to consist of a mass of birds 
in rapid motion; those that were strong 
on the wing were able to keep well 
up with the leaders, and so make the 
head appear thicker and darker by 
their numbers. whilst those that had 
not such power of flight were com- 
pelled to settle into places nearer and 
nearer the tail. Doubtless these birds 
were shags (Pelicanus cristatus) return- 
ing to their homes for the night from 
the distant waters in which they had 
been fishing, during the day; perchance 
it may be wrong to assert positively as 
to the variety of bird, but inasmuch as 
the writer has often seen shags on the 
Cornish coast in smaller numbers 
returning in single or double file to 


| their roosting places, and since it is 


stated in works of natural history that 
they have been noticed occasionally 
fiving in this peculiar manner to the 
number of a thousand or more. it does 
not appear an unwarranted liberty in 
supposing that they really were 
Pelicani cristati. 


From Nature 18, 5 Sept., 489; 1878. 
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Prospects for the use of amorphous 
semiconductors in solar energy conversion 


J. I. B. Wilson & D. Weaire* 


There is increasing interest in am ge silicon as a low cost material for photovoltaic solar cells. Its 


possible uses extend to other metho 
conversion. 


THE mutually stimulating but unpredictable interactions of pure 
and applied science are well exemplified by the history of 
amorphous semiconductors. These materials emerged from 
obscurity in the late 1960s, when new electronic switching 
devices, based on amorphous chalcogenides, excited widespread 
interest’. Of course, this was not the first application of amor- 
phous solids. They already had many uses, both mundane (for 
example, common glasses) and sophisticated (for example, 
amorphous Se, ın xerography). Nevertheless, the inspiration for 
much of the concentrated academic activity in this area during 
the 1970s lay in the prospect of a new sub-field of electronics 
(‘Ovonics’) where the established picture of a crystalline semi- 
conductor might not be at all relevant. Important new concepts 
have emerged, such as that of Anderson localisation’, but the 
theory of amorphous semiconductors remains a difficult subject, 
rarely united happily with expenment® 

Small wonder then, that many have preferred not to jump in at 
the deep end by exploring the switching effect in the multi- 
component glasses. There have been obvious attractions in the 
study of the elemental amorphous semiconductors, particularly 
Si and Ge. It was, therefore, chiefly in the context of these 
comparatively simple systems that the debate between the rival 
microcrystalline and random network models of microscopic 
structure was conducted*. The concensus now favours the latter 
as the better conceptual basis for the description of amorphous 
Siand Ge. 

There have been no important applications of amorphous Si 
and Ge (apart perhaps from optical coatings, where a wide 
variety of materials find a use). However, it has recently been 
shown that amorphous Si, when suitably prepared, can be used 
to make conventional semiconductor devices*. This was first 
demonstrated using the r.f. glow discharge decomposition of 
silane to deposit the amorphous film and varying the doping by 
the admixture of gases containing p-type and n-type dopant 
atoms“. It was then realised that the incorporation of hydrogen 
which is incidental in this process is essential for its success. 
Various other methods (such as sputtering‘), suitably adapted to 
incorporate a small proportion of hydrogen, are under investi- 
gation. It remains to be seen whether the glow discharge process 
will be preferred when these alternatives have been fully 
explored. 





*Department of Physics, Heriot-Watt University, Edinburgh, UK. 
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of solar energy collection such as photothermal and photogalvanic 


The role of hydrogen is to reduce the density of electronic 
states in the gap region (typically from 10% cm’ eV™ 
10'® cm™* eV_'). These states are presumably associated with 
‘dangling bonds’ in hydrogen-free samples, to which the hydro- 
gen atoms are bonded when present. Figures 1 and 2 give an 
impression of the general nature of this material—a random 
network in which some of the Si atoms have one or more H 
atoms bonded to them. 

In this article, we review some potential applications of 
amorphous Si in the field of solar energy conversion. These are 
not confined to the junction devices mentioned above, that is, 
solar cells, but these certainly constitute the most promising 
prospect. 

How can such an intrinsically messy material have advantages 
over crystalline Si, on which so much of our device technology is 
already based? The answer lies in the anticipation of a compara- 
tively low cost for the industrial production of amorphous Si in 
thin films of large area. In this regard, solar energy research runs 


Fig. 1 Fragment of a random network model of amorphous 
silicon, in which tetrahedrally coordinated silicon atoms form an 
infinite non-penodic structure. 
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Fig. 2 Fragment of a random network model of hydrogenated 
amorphous silicon, with hydrogen atoms bonded to some silicon 
atoms 


counter to the trend of modern electronic device engineering in 
which ‘small is beautiful’. The question then is whether accept- 
able efficiency and reliability can be obtained with an amor- 
phous cell. This is still not clear but sceptics should be reminded 
that, had the single crystal window been invented first, they 
might be equally pessimistic about that familiar use of glass. 


Photovoltaic conversion of solar energy 


Photovoltaic cells, which convert light into electricity by a purely 
electronic process (that is, without chemical change) have been 
used for some years to power satellites. Indeed most of the 
development of high efficiency Si cells in the 1950s and 1960s 
derived from the needs of the space industry. They have also 
provided power in terrestrial sites where their convenience and 
reliability outweighs their high capital cost. Such applications 
will remain very limited until a much cheaper cell is developed. 
New research programmes in the US’ and Europe’ are aimed at 
this cost reduction. 

All photovoltaic cells exploit the fact that a semiconductor 
will absorb radiation of sufficiently high frequency to excite an 
electron across the band gap, of magnitude F,, and that elec- 
trons excited in this way return to the valence band (‘re- 
combine’) only after comparatively long times (10-100 us). 

In a p-n junction the energy levels associated with the valence 
and conduction bands vary in the manner idealised in Fig. 3, 
dropping by an amount E, across the junction. Photogenerated 
electrons will move to the left (while the ‘holes’ left behind in the 
valence band move the other way). 

If the junction is isolated (open circuit condition), the resul- 
ting charge imbalance will set up a potential difference Voc 


Fig. 3 Electronic energy levels at an idealised p-n junction. An 
electron-hole pair created by absorption of radiation near the 
junction is separated as shown (photovoltaic effect). 
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opposing the charge transfer. The system can only come into 
equilibrium when this exactly balances the change in electron 
energy levels at the junction, that is e Və: = E, in our simplified 
picture. 

This ts the essence of the ‘photovoltaic effect’. If the junction 
is incorporated in a circuit, a current J will flow and V will be 
correspondingly reduced. The power output is then simply ZV 
and this is divided (for the optimum load) by the solar energy flux 
to give the maximum efficiency of the cell. 

A narrow gap semiconductor absorbs most of the solar spec- 
trum but wastes much of it as electrons are excited well above 
the gap and their surplus energy ig merely converted into heat. 
On the other hand, a wide gap semiconductor fails to absorb at 
the infrared end of the spectrum. Thus the continuous frequency 
distribution of solar radiation (Fig. 4) enforces a compromise, 
favouring the choice of a semiconductor of band gap in the 
region of 1.5 eV. Even for this, the power efficiency is reduced to 
<50% by the waste at the low and high ends of the spectrum. 
Realistic models of junction behaviour'” reduce the theoretical 
efficiency to ~25% and practical considerations (grid contacts, 
and so on) reduce this figure still further. Most commercial Si 
cells achieve ~ 10-15%. The best laboratory result is 23% for 
GaAs cells in concentrated sunlight. 

Schottky barrier solar cells are based on a metal—semicon- 
ductor junction (sometimes modified by the inclusion of a thin 
insulating layer at the junction). The essential structure of both 
types of cell is shown in Fig. 5. 
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Fig.4 Spectrum of incident solar radiation at the Earth's surface, 
for normal incidence (AM1). 


Commercially available cells at present use semiconductor 
wafers sliced from expensive single crystal boules. Two routes 
are being taken to reduce the cost. 

First, the addition of lenses or mirrors to an expensive cell may 
produce a cheaper module by concentrating sunlight upon the 
cell. This approach is most appropriate when a large proportion 
of insolation is direct. It is of particular value in association with 
GaAs cells, which are efficient solar energy converters at higher 
operating temperatures than silicon. 

Second, silicon for solar cells does not require such perfection 
and stringent purity control as for most other semiconductor 
devices and so polycrystalline boules or extruded ribbons may 
be of adequate quality. Taken to its logical extreme, this 
approach leads to the consideration of polycrystalline or 
amorphous thin films. 

On the whole, polycrystalline thin-film solar cells, using a 
variety of semiconductors, have been disappointing. Often only 
fine grained polycrystalline films can be grown with unsatis- 
factory electrical behaviour due to grain boundaries. In other 
cases, it has been difficult to grow uniform defect-free films more 
than a few mm? in area, and sometimes the cells have shown 
excessive degradation after a short period of operation. 
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Amorphous silicon avoids some of these problems and even 
has certain marginal advantages over crystalline silicon. For 
instance, it has a bandgap 1.5-1.7 eV, closer to the optimum 
than that of crystalline silicon (1.1 eV), and furthermore absorbs 
radiation more strongly just above the gap. Radiation hardness 
is sometimes mentioned (particularly in the context of satellite 
power stations). However, while it may be true that “one of the 
unique properties of amorphous semiconductors is their low 
sensitivity to high energy radiation . . ."*'' there is relatively little 
in the published literature relating to this topic. 

Current laboratory work is concentrated on the achievement 
of acceptable efficiencies. ‘Acceptable’ is generally taken to 
mean at least 8% but depends strongly on the application and its 
location. 

Within a short space of time various p-n and Schottky cells 
based on amorphous Si have been reported with efficiencies of 
the order of 5%, as summarised in Table 1. Theoretical esti- 
mates of the limiting efficiency of such cells have ranged from 8 
to 15%, and it seems reasonable to expect that the lower figure 
can be attained in the near future. The factor which is most 
significant in reducing the efficiency in comparison with single 
crystal cells is the short diffusion length of the charge carriers. 





Table 1 Performance of amorphous silicon solar cells, under AM1 or 
similar conditions 





Open circuit Short circuit 
Cell voltage current density Efficiency 
structure (mV) (mA cm?) (% ) Ref. 
p-i-n 575 10.5 2.4 12 
Pt-n 800 12 $5 13 
Ni-TiO,-n 680 13 4.8 14 





Only electrons and holes excited within about 1 wm of the 
junction survive to contribute to the photogenerated current. In 
a crystalline semiconductor the active layer may be as much as 
0.5 mm thick. It remains to be seen whether this drawback is 
unavoidably inherent in the amorphous structure of the material 
or can be mitigated by refined preparative methods. However, 
little has been done (or, at least, published) on the optimisation 
of the doping profile close to the junction, which may yield some 
improvement. 

It should be stressed that the results quoted above are for 
rather small area cells (~1 mm’). It is a far cry from a laboratory 
cell of a few mm? to the orbiting solar power satellite suggested 
by Glaser'*, with solar cells totalling 50 km’. 


Photogalvanic and photochemical cells 


Figure 6 shows the essential features of a photogalvanic cell. 
Again electrons are excited across the gap of a semiconductor at 
one electrode. Unfortunately most semiconductors with a suit- 
able band gap are chemically unstable in electrolytes. TiO», a 
chemically stable compound which has featured in many studies, 
has a rather wide gap (~3 eV). Photochemical cells, in which 
TiO, has also been used; produce chemical fuels such as hydro- 
gen from water. Promising results have recently been obtained 
with CdSe (ref. 16) (E, = 1.7 eV). 

Amorphous semiconductors may offer new possibilities for 
such cells. Favourable factors are their ability to form strongly 
adherent thin films on a variety of substrates and low cost, which 
in this case might make regeneration economically feasible. 


Photothermal conversion 


Flat-plate solar collectors for heating water are installed in 
thousands around the world. These operate by the ‘greenhouse 
effect’, which is generally taken to mean that the selective 
transmittance of glass is the dominant feature. Most of the solar 
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Fig. 5 Schematic structure of: a, conventional n-on-p silicon 
solar cell; b, metal-semiconductor (Shcttky) junction cell. The 
dimensions are typical of crystalline solar cells. 


radiation passes through the glass but cutgoing thermal infrared 
radiation, emitted by hot surfaces within the glass enclosure, is 
blocked. Consequently the temperature reached by an absorber 
plate is greater when a glass cover is in place. In practice the glass 
cover is equally important in reducing energy loss by convection, 
conduction, and evaporation, unless the temperature within is 
very high. 

The cut-off point for transmission ‘hrough glass lies around 
3 um, so some solar radiation is excladed from the enclosure, 
but a longer wavelength cut-off would mean that more energy 
would be lost by radiation. A compromise is to make the cut-off 
as sharp as possible, at about 2 um. Although thin-film coatings 
can be applied to the glass to bring this about, there has been 
more interest in selective coatings fer the absorber plate, for 
which the potential gain in collected energy is greater. A selec- 
tive absorber will absorb visible radia‘ion efficiently, but will not 
absorb infrared radiation. This meams that equally it will emit 
visible radiation but not infrared. 

Practical selective surfaces are generally semiconducting 
compounds, although their preparation may mean that their 
composition is obscure. Proprietary coatings include various 
Ni/Cr oxides/sulphides, which can Save solar absorptances of 
up to 0.98 and infrared emittances cf less than 0.2, even at the 
elevated operating temperatures. 

Single-layer films such as these utilise the high infrared 
reflectance of a metal substrate (and consequently low infrared 
emittance) whilst providing an efficient absorber of visible radi- 
ation. It is only with multi-layer coatings that a sharp cut-off can 
be achieved, but this increases the somplexity and cost of the 


Fig. 6 Photogalvanic cell. An electron is removed from the 

electrolyte at the photo-cathode and one is injected into the 

electrolyte at the anode. Oxygen and aydrogen are evolved in this 
cell, by the simplified redox reactions shown. 
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collector. Semiconductors with a suitable bandgap for this 
application tend to have high refractive indices and are, there- 
fore, a bad match to the low refractive index of air unless an 
anti-reflection coating is added. Sometimes it is possible to 
reduce the refractive index of a film by preparing it with a large 
density of minute voids. 

The two drawbacks preventing the use of selective coatings on 
all flat-plate collectors are (1) their cost, and (2) their degrada- 
tion at high operating temperatures. Degradation of absorber 
coatings may be caused by thermal expansion mismatch 
between film and substrate, leading to flexing, or by thermal 
migration of atoms between the film(s) and substrate. 

Now, amorphous silicon produced by r.f. glow discharge 
decomposition of silane adheres very strongly to both metallic 
and ceramic substrates, because the plasma is an effective 
surface scourer. However its band gap is rather far from the 
optimum absorption cut-off of ~0.6eV (2 um). Amorphous 
silicon films prepared by electron-beam evaporation in a 
vacuum chamber have such a high density of defect states within 
the bandgap that they will abserb energies further into the 
infrared. On balance it seems preferable to use glow discharge 
amorphous silicon, which can be made with a low free-carrier 
density (high electrical resistivity) and low ‘gap states’ density, 
and so use its low infrared emittance. Note, however, that 
amorphous semiconductors may be alloyed comparatively easily 
to tailor their optical properties. In this case, the solar absorp- 
tance of amorphous silicon may be improved by alloying it with 
boron’’. It is expected that films of Si,.. B, prepared by the glow 
discharge decomposition of SiH, and B;H, may yield solar 
absorptances of up to 0.91 and infrared emittances of <0.09 
even at the elevated temperatures reached by solar collectors. 

At temperatures above ~400°C, amorphous silicon may 
begin to recrystallise with some loss of the desired properties. 
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Significant changes should only occur after many years of 
collector use at this temperature. A second possible problem is 
that at these temperatures (which may be reached by concen- 
trator collectors) hydrogen may be evolved from the film. 
Hydrogen evolution tends to decrease the bandgap'*, which is 
not necessarily undesirable. Annealing of amorphous silicon 
films (that is prolonged periods at high temperatures) also seems 
to reduce the intensity of infrared absorption bands near 5 um 
(which are due to Si-H stretch modes), and so should reduce 
infrared emittance. This may prove to be a situation in which 
ageing ts beneficial. 
J.1.B.W. acknowledges the financial support of SRC. 
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The measured dielectric properties of a range of solids and 
liquids, as a function of frequency, have been examined 
and the loss has been shown to fit a generalised empiricai 
relationship. This includes the Cole—Cole, Fuoss—Kirk - 
wood, Cole—~Davidson and Williams—Watts functions as 
particular cases and implies that a more generalised 
approach to the dielectric properties of materials is required 
than that given by the conventional distribution function 
extension of Debye’s method, or by the dipole autocor- 
relation function of Williams and Watts. 
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OUR present understanding of the dielectric properties of 
materials is based on the Debye theory of a relaxing dipole 
interacting with an applied electric field’. Early work showed 
that a set of exactly equivalent, non-interacting, dipoles charac- 
terised by a single relaxation time adequately explained the 
behaviour of weak dipolar solutions or dipolar molecules in the 
gas phase, but was insufficient to account for the broader 
frequency range over which dispersion was observed in solids 
and liquids in the frequency range below ~10°° Hz. This 
difficulty was circumvented by the consideration of distributions 
of relaxation times’ or by dipole autocorrelation? in these more 
interactive media. These approaches have led to the situation 
where experimental measurements are analysed in terms of the 
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degree of fit to Cole—Cole, Cole—-Davidson, Fuoss—Kirkwood, 
Williams—Watts or other empirical functions. 

The results of a critical examination of the frequency depen- 
dence of the permittivity in a number of dielectric materials are 
reported here and compared with these standard functions. It is 
shown that the overall pattern of behaviour is broader than can 
be characterised by any one particular function and an empiri- 
cal, but quite general, dielectric loss relationship is proposed and 
used to characterise the observed behaviour. The analytical 
method is based on the technique of temperature reduced 
variables‘ with both logarithmic permittivity and frequency. The 
latter is common but the former is equally applicable and 
Jonscher® has already shown that for frequencies greater than 





Fig. 1 The real and imaginary components of the permittivity of 
pentachlorotoluenc’ as a function of frequency. The diagram has 
been plotted in the form of a temperature reduced master curve to 
show the power law characteristics at frequencies below and above 
that of the peak loss, The scales are correct for T = 293 K and the 
curve shifts are given by the temperature labelled datum points at 
the top of the diagram. The curve through the loss characteristic is 
given by equation (1) with the parameters listed in Table 1. 


the loss peak value, wp both the real and imaginary components 
of the complex permittivity are proportional tow “""™, where w 
is the frequency of measurement and n lies in the range between 
zero and unity. 

By forming a master curve from the data over suitable 
température ranges the accuracy with which the pattern of 
permittivity behaviour, as a function of frequency, could be 
determined has been increased. In all cases clear evidence of 
power law behaviour with e” proportional to w~"~” for w > w, 
and proportional to w”™ for w < w, has been observed, a general 
relationship that is masked in the more common linear permit- 
tivity /logarithmic frequency plots®. Several empirical functions 
with these power relationships as limiting cases, were investi- 
gated and it has been found that the relationship 


Bo Erns (1) 
(wp to" 

gave remarkably good agreement with the experimentally 
determined plots. The parameter s dominates in the region of 
the peak only, that is w ~w, and determines the curvature 
between the decaying power characteristics, low values of s 
giving a broad, flat, peak in the loss. The parameters m, "n and s 
all lie in the range between zero and unity. 

Equation (1) obviously includes Jonscher’s relationship at 
high frequencies. For the particular case of m = (1—n)=s = 1.0 
equation (1) degenerates to the Debye case, and with m= 
(l—n)1.0 Cole—Cole and Fuoss-Kirkwood plots can be 
derived, as can the Cole—Davidson cha: acteristic when m = 1.0 
and in this case Bap = (1~7). The Williams—Watts plots of s” as 
a function of frequency” also show the power chatactensucs but 
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in this case there is no simple relationship between Bww and 
either of the gradients m and (1 — n) although increasing values 
of Bww gives increasing values of both gradients. 


Examination of experimental data 


Published logs data for a range of dielectric materials, each over 
a set of temperatures, was plotted logarithmically on both 
permittivity and frequency axes. A single master curve was then 
constructed by pure translation, in both axes, for each tempera- 
ture. The choice of axial shift was arbitrary, but minimal scatter 
in the reduced data points was sought. In a few cases both the 
real and the imaginary components of the permittivity were 
available and, as the translation is identical for each of these, this 
made the choice of axial shift more certain. Along with the 
experimental points a datum from the original plot was marked 
to give the magnitude of the translations. Note that the tracing 
technique gives the inverse of the temperature dependence for 
both the permittivity and frequency. The final master curve 
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Fig.2 Temperature reduced plots of the permittivity of a, suprasil 
glass (J. le G. Gilchnst, personal communication)(scaled at 4.2 K); 
b, poly-y-benzyl-L-ghutamate® (scaled at 326 K); c, water at 293 K 
(ref. 9). In all cases the curves through the loss peaks are grven by 
equation (1) with the parameters listed in Table 1. The suprasil 
giass shows the frequency extent of the low frequency power 
characteristic. In (b) the dotted curve through the real part of the 
permittivity is a Kramers-Kronig transformation of the loss 
characteristic. The measured gradients of the loes characteristics 
for water are 0.963 and —0.968 indicative of a Cole~Cole process, 
but the specimen is clearly not Debye-like as the real component of 
the permittivity does not have a slope of —2.0 but obeys the 
Jonscher relationship in being parallel to the loss at frequencies 
greater than that of the loss peak. 


contains only the information that was originally available but 
presented in a form that is more easily analysed, as the 
superimposition of a number of equivalent measurements 
reduces the experimental inaccuracies. In all cases the master 
plot showed a characteristic loss peak with linear wings, clearly 
indicative of the power law characteristics exhibited by equation 
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(1). The gradients m and ~—(1—n) were determined and the 
parameter s chosen to give a good fit of the empirical relation- 
ship to the master curve in the region of the loss peak. In a few 
cases, where the real part of the permittivity was available, a 
Kramers—Kronig transform of the loss relationship, equation 
(1), was computed and excellent agreement with the experi- 
mental data was obtained for the real part of the permittivity. 
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Fig.3 Temperature reduced plots of the permittivity of a, 2,4,6,- 
tri-tert-butylphenol'? (scaled at 293 K); b, butyl stearate’* (scaled 
at 273K); c, liquid menthol’? (scaled at 317.6 K). All three 
specimens exhibit a low frequency slope of 1.0 and the curves 
through the data points are given by equation (1) with the 
parameters listed in Table 1. This behaviour is equivalent to a 
Cole—Davidson distribution of relaxation times. 


Figure 1 shows the reduced plot for both the real and 
imaginary relative permittivity for pentachlorotoluene from the 
data given by Turney’. Jonscher’s power relationship for 
frequencies greater than the peak with (1 —-n)= 0.64 is clearly 
shown in the loss curve but the real component has merged with 
the infinite frequency value and could not be determined with 
any accuracy. The low frequency power relationship, with m = 
0.87 is well defined and the curve through the loss data points is 
the relevant plot of equation (1) with s equal to unity. 

The extent of the low frequency relationship is shown by 
Gilchrist’s measurements on Suprasil glass at very low tempera- 
tures (personal communication), Fig. 2a. In the reduced plot, six 
decades of frequency exhibit the characteristic, and again the 
degenerate form of equation (1), s=1.0, applies. The fully 
developed proportionality between the real and imaginary parts 
of the permittivity for poly-y-benzyl-L-glutamate® is shown in 
Fig. 2b. In this plot, as in Fig. 1, the real and imaginary 
components have been displaced arbitrarily on the permittivity 
axis for clarity. The ratio of the absolute values of the permit- 
tivities at high, reduced, frequencies shows the predicted 
tan [(1—1)2/2] relationship’. At low temperatures the low, 
reduced, frequency data show deviation from the power charac- 
teristic due to an increasing distortion from a second, lower 
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Table 1 Dielectric properties 





Plot 
Material m l-n 5 no. Refs 
Pentachlorotoluene 0.87 0.64 1.0 1 7 
Suprasil glass, T< 4.2 K 0.15 031 1.0 2 * 
Poly-y-benzyl-L-glutamate 0.42 0.19 0.9 3 8 
Water at 293 K 0.96(3) 0.96(8) 1.0 4 9 
2:4:6 Tri-tert-butylphenol 1.0 0.66 1.0 4 12 
Menthol (liquid) 1.0 0.22 1.0 6 13 
Butyl stearate, f>10°Hz 1.0 0.34 1.0 7 14 





* J. le G. Gilchrist, personal communication 


frequency, loss peak, the frequency separation between the two 


` peaks decreasing as the temperature is lowered. The best fit 


master curve for the loss data required that s should be 0.9+ 
0.03. The other parameters are listed in Table 1. In Fig. 24 as in 
Fig. 1, the temperature data lie on a straight line showing that 
there is a power relationship between the temperature depen- 
dence of the frequency shift, which is included in the term w,, the 
peak frequency, and the temperature dependence of the magni- 
tude of the permittivity. 


Cole - Davidson Debye 
1.9 6e ze 6—9- 6 
43 5- 36 35 KA 
#39 
-7 2969 189 / 
93i pa &. 370 
* o 
m Mey ae 
s Go Be 
f bh 
18 J 
e = 5 7% 
5 : ot Os 
fs š 
= 10 
0.5 g. a g 
. wy 
13 /3 e 932 $ 
ARI o 
Zoan ap 
46%,, i 
A 
© 
216. Q 
34 j 230 
62/40 ©, @26 
i 22 
e? ® 
G 
0 0.5 4.0 


l-n 


Fig.4 A plot ofthe gradients m and (1 — n )determined for 50 loss 
peaks covering a wide range of polymeric and non-polymeric solids 
and liquids. Superimposed on the plot are the regions of validity of 
the Cole-Cole, Cole~Davidson, Fuoss—Kirkwood and Wiliams- 
Watts functions. Tables 1 and 2 list the gradient values. 


None of these three plots show Debye, Cole—Cole or Cole- 
Davidson behaviour. The closest that has been observed to 
either Debye or Cole—Cole are the selected values of Mason et 
al? for water at 20°C, which are presented in Fig. 2c. The 
deviation from equality in the magnitudes of the slopes, m = 
0.963, (1—n)=0.968, is within the accuracy of the deter- 
mination of the slopes. The figure, however, shows a clear 
divergence from Debye behaviour in that the Jonscher relation- 
ship at high frequencies excludes the w~* decrease in the real 
part of the permittivity. Only if the loss decays exactly as the 
inverse of the frequency can the square law decrease be obser- 
ved. The line through the loss data is, again, the empirical 
relationship. Ice at 181 K (ref. 10) and solid D,O (ref. 11) have 
been observed to show similar equality in the gradients in 
log/log master plots and their characteristic parameters are 
given in Table 2. 
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Table 2 Master plots and characteristics 
einen 


Material Plotno. Refs 
H,0 at 181 K 8 10 
D-O, T= 262.3 K 9 11 
Butyl stearate, f < 10° Hz 10 14 
Poly-n-butyl methacrylate 11 15 
Polymethyl methacrylate 12 6 
Polymethyl methacrylate 13 15 
Polypropylene 14 16 
Amorphous polyacetaldehyde 15 17 
Polyethylene, 4.2< 7<18K 16 i 
Oxidised high density polyethylene, 
T<42K : 17 ? 
Deuterated high density polyethylene, 
Polyethylene terephthalate 
or ae 19 18 
B a 20 18 
Polyvinyl fluoride 21 19 
Polyvinylidene fluoride 
jè FAA 32 20 
y a 24 20 
Polydian carbonate 25 21 
Polyacronitrile 26 22 
n-docosyl bromide 27 29 
Neo-hexanol 28 24 
5 methyl—3 heptanol 
a 29 25 
B 30 25 
3 methyl—3 heptanol 
a 31 25 
B 32 25 
Cyclohexyl chloride in polystyrene 
a 33 26 
34 26 
Tricyclohexyl carbinol, 
f>10? Hz 35 27 
f<10° Hz 36 27 
Picric acid 37 28 
Pinacol hydrate 38 29 
Chlorobenzene-pyridine, 43.4% 
a 39 30 
B 40 30 
Chlorobenzene-cis-decalin, 
a 41 25 
B 42 25 
Benzene, f > 10° Hz 43 31 
‘P-methoxyphenylazoxy-p’-butylbenzene, 
nematic phase 44 e P 
isotropic phase 45 32 
Polychloroprene 
a 46 33 
B 47 33 
Ba TisMgO46 48 34 
Natural quartz containing impurity ions 50 36 





* J. le G. Gilchrist, personal communication 


Cole~Davidson behaviour, m = 1.0, has been observed in a 
number of materials, particularly when the loss peak has been 
observed in the frequency range from 10’ to 10°° Hz. Figure 3 
shows three sets of data with this characteristic, all of them from 
this frequency range, and all of them showiag agreement with 
the empirical relationship. The characteristic parameters of 
these, and several other materials, are given in Table 1. 

Some 40 materials have been examined using the technique 
described above and as some of these showed both a and 6 loss 
peaks about 50 loss characteristics have been determined. 
Figure 4 summarises the accumulated data in the form of a plot 
of m against (1—n). For clarity the points have been labelled 
and Tables 1 and 2 give a key to the data. It is apparent that the 


distribution is not random but tends to cluster above the 


diagonal line m = (1 — n). As well as the characteristic points the 
plot also shows the region of validity of :he standard distribution 
and autocorrelation functions. The Debye characteristic is a 
single point, and is indicated by a square at (1, 1). The Cole- 
Davidson function requires that m should be unity and hence ts 
given by the line along the top of Fig. 4, whereas the symmetry of 
the Cole-Cole and Fuoss—Kirkwood functions requires that data 
exhibiting this characteristic should Le on the diagonal from 
(0, 0) to (1, 1). The Williams—Watts expression is more complex, 
exhibiting a gradient of two for small values of Byww and then 
smoothly merging with the upper limit for larger values of Bww- 
The plot shows that although a small namber of loss peaks leon 
these characteristics the general distribution is much broader 
than these specific cases and that a more general approach to the 
nature of dielectric loss is required. 


Conclusions 

Our understanding of the dielectric behaviour in solids and 
liquids based on specific distributions of relaxation times or 
autocorrelation functions seems to be unsatisfactory. The force- 
fitting of experimental data into two cr three types of behaviour 
is physically unfounded in view of the information presented in 
Fig. 4. The empirical loss characteris’ ic proposed, equation (1), 
does not, at present, yield any physical understanding of the 
processes involved but has been shown to describe the experi- 
mental observations satisfactorily. The necessity for three 
parameters is clear as the loss curves are characterised by two 
power laws and a region of variable curvature. An empirical 
distribution function containing m. (1—7) and s could be 
generated but would contain no more understanding of the 
processes leading to loss than the erapirical loss function itself, 
Rather, the function can be used as a test for new, more 
generalised, theories. One approach resulting in an expression 
for dielectric loss of the form of equation (1) will be presented in 
a later paper. Correlation of the parameters m, (1 — n and s, and 
of the temperature dependence of the frequency and permit- 
tivity datum shifts with the physical properties of the solid and 
liquid materials should begin to yie:d valid information on the 
precise nature of the interaction of electric fields and real 
materials. 
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Three intermediate- to large-scale bed configurations are 
recognised (from intertidal sand bodies in the Bay of 
Fundy), each with a discrete hydraulic stability field. Type 
1 megaripples (‘bars’) form at lower flow velocities than 
Type 2 megaripples (‘dunes’), whereas Type 2 megaripples 
and megarippled sandwaves are separated primarily by 
grain size. Megarippled sandwaves occur only in sands 
coarser than 0.308 mm. 


TRANSVERSE sedimentary bedforms are produced by currents 
in many aqueous environments, and are of great interest to 
engineers and geologists. Because the complex nature of 
sediment-fluid interactions has prevented the development of a 
complete, theoretical understanding of bedform mechanics, 
attention has focused on empirical attempts to determine the 
hydraulic conditions governing bedform occurrence. Scaled- 
down flume experiments with steady-flow conditions have been 
used extensively'®. The results of such studies have greatly 
increased our knowledge of bedforms, but the much larger 
scale of most natural flows, and the unsteady conditions 
characterising them, limit the applicability of flume data to the 
real world. Complimentary bedform and hydraulic data from 
natural environments are needed. 

This article presents a large body of such data, collected from 
intertidal sand bodies in the Bay of Fundy, Canada (Fig. 1). 
Bedform characteristics were recorded at approximately 760 
locations and current velocity variations were monitored over 
complete tidal cycles at 110 stations. Nearly 3,000 vertical 
velocity profiles were measured. These data indicate that bed- 
form development in this natural environment is more complex 
than that observed in flumes. 


The study area 


The investigations reported here” were conducted in the 
eastern arm of the Bay of Fundy, on large intertidal sand 
bodies that occur in Cobequid Bay, the Avon River estuary, 
and along the north shore of the Minas Basin. The tides here 
are semidiurnal, anomalistic, and large, with a maximum 
measured range of 16.3 m at Burntcoat Head'*'' and a mean 
range”? of 11.9m. Maximum water depths at high tide vary 
from 5 to 20 m, but depths at the times of peak current speed 
are generally between 2 and 10 m. The rate of water level rise 
and fall commonly exceeds 2 m h`’. 

Mean tidal current speeds (U ) vary greatly during each tidal 
cycle, and between neap and spring tides. The maximum 
speeds reach values of 0.5-2.0 ms ' during the middle to late 
part of the ebb tide, and in the first half of the flood. Cor- 

* Present address: Department of Geological Sciences, Brock Uni- 
versity, St. Catharines, Ontario, Canada L2S 3A1. 
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responding maximum shear velocities fall between 0.03 and 
0.15 ms`', The duration of peak flow strengths ranges from 1 
to 4h. The flow directions of the ebb and flood currents are 
generally 180° apart, but inequalities in the magnitude and/or 
duration of the opposing currents produce a persistent residual 
transport of sediment at most localities. Thus, either the ebb or 
food portion of the tidal cycle dominates bedform formation 
and migration at any site. 

The sediments on the sand bodies have mean sizes of 1.6- 
0.125 mm (~—0.7 to 3.0 phi: very coarse to fine sand), but most 
are medium sand (0.5-0.25 mm: 1.0-2.0 phi). These sands 
exhibit good sorting, with standard deviations that are 
generally less than 0.8 phi units. 

Additional information concerning the studied areas can be 
found in refs 7-9 and 13-16. 


Bedform morphologies 


Lower flow regime bedforms'” are abundantly developed on 
the sand bodies, and three basic types are recognised on the 
basis of size and morphology—tripples, megaripples, and 
sandwaves (Table 1), Upper flow regime plane bed’? is 
observed to occur during peak flow at only two locations in the 
Avon River estuary’. 

Because of the great changes in flow direction, strength, and 
depth that occur during a tidal cycle, various modifications of 
the basic bedform types are produced’™”''*, including: planing- 
off of megaripple crests in shallow flows; incomplete reversal of 


Fig. 1 Map of the study area showing its location in the eastern 
arm of the Bay of Fundy (insert), and the extent of the intertidal 
zone at spring low tide (stippled pattern). 
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Table 1 Summary of bedform size and morphological characteristics 


oe | Steepness i 








Wavelength (L) Height (H) 
Bedform type (m) {m) 
Small scale: PS 
Ripples <0.3 <0.05 
Intermediate scale: 
Type 1-Megaripples 0.1-25.0 0.05-0.50 
net, (6.1) (0.18) 
0.05-14.0 0.05-0.70 
(4.3) (0.28) 
10.0-215.0 015-34 
(40.6) (1.86) 
Rippled sandwaves §.0-25.0 0.15-0.75 


(0.38) 


aalysis, and make the results more directly 
h other environments, these modifications are 











of lest hän 0.05 m and 0.3 m A EA 
aight to linguoid are observed. Ripples most 
uperimposed | on the larger bedforms, but 
heir own in a few localities. Only the latter 
the hydraulic section below. 
Fig. 2a, b) are analogous to the dunes of most 
a wand are intermediate in scale between ripples and 
| dandwaves (Table 1). All megaripples have a lee face that is at 
the angle of repose of the sediment during active migration, but 
‘otherwise show a wide variation in detailed morphology. We 
have, however, arbitrarily subdivided them into two varieties— 
Type 1 and Type 2 megaripples. No single characteristic can be 
used to distinguish between the two types, and a continuous 
gradation occurs between them. 
Type 1 megaripples are simple in appearance, and are 
characterised by straight to smoothly sinuous lee faces that lack 














irregularities with a wavelength of ~2-3 m (Fig. 2a). Scour pits 


are not present in the troughs: consequently, . lateral continuity 
is good, and the height is very regular along an individual 
bedform. The wavelengths of these megaripples are long rela- 
tive to the height, giving them. flat profiles with 
wavelength/height ratios generally greater than 20 (Fig. 3). In 
addition, the heights and wavelengths of Type 1 megaripples 
are poorly correlated (Fig. 3, Table 1). 
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Type 2 megaripples are more complex in appearance {Fig. 
2b), and are generally sinuous to lenate in plan: Some straight- 
crested examples do occur, but these exhibit small, sinuous 
irregularities along the lee face with a wavelength ~2~3 m, The 
troughs contain well- developed scour pits (Fig. 2b), commonly 
separated by prominent spurs. As a result, bedform height 
varies considerably over short distances along the crestline. 
Type 2 megaripples have steep profiles, and on average they 
are higher and shorter than Type 1 megaripples (Fig. 3, Table 
1). The heights and ‘wavelengths of AYRE 2 megarippios: are 
quite well correlated (Table 1). | 

Sandwaves!*!42°2! are the largest scale of bedform (Fig. 2c) m 
with average heights and wavelengths markedly larger than 
those of megaripples (Fig. 3, Table 1). Most sandwaves are ~ 
asymmetrical, but their lee faces commonly have inclinations of 
only 10-20°. (This is believed to be a result of the reversing 
flows, as possible fluvial counterparts possess avalanche 
faces???) Sandwaves display many similarities to Type 1 
megaripples: they are straight to smoothly sinuous in plan; 
their troughs lack scour pits; the height remains uniform along 
a particular bedform (Fig: 2c); and hd have fattened profiles 
with wavelength/height ratios. rarely ess han 20 e 3); but 
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Fig. 2 Intermediate- and large-scale bedform types. a, Type 1 
megaripples: note the simple plan geometry, absence of scour 
pits, and uniformity of bedform height (~0.2 m). b, Type 2 
megaripples with well-developed scour pits and three-dimen- 
sional geometries. Metre stick at right for scale. c, Megarippled 
sandwaves: note the straight crestline and the lack of scour pits, 
other than those associated with the superimposed Type 2 
megaripples. The megaripples on the sandwave crest have been 
partially rounded-off by wave action during emergence. 


late-stage modification as are the superimposed current ripples. 
Instead, echo-sounder records show” that the megaripples are 
present and active throughout both the semidiurnal and neap- 
spring tidal cycles at most localities. This megaripple-on- 
sandwave superposition seems, therefore, to represent an 
equilibrium co-existence, comparable to examples reported 
from both fluvial’? and shallow marine** settings. 

In a few instances, only ripples or lower flow regime plane 
beds are present on the sandwave stoss sides. These forms, 
called rippled sandwaves, are smaller on average than 
megarippled sandwaves (Table 1), but are otherwise similar in 
morphology. Observations suggest that rippled sandwaves may 
be a disequilibrium form of megarippled sandwaves, because 
the former almost always occur in situations of decelerating 
flow: either as a neap-tide replacement of megarippled 
sandwaves that exist during spring tides; or as a transitional 
form between megarippled sandwaves and Type | megaripples, 
produced by bedform migration into an area of lower current 
strength and shallower water depth. In both cases, the 
superimposed megaripples disappear before the sandwave 
because of their smaller size and shorter lag time****. During 
the prograde transition from Type 1 megaripples to mega- 
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rippled sandwaves, a gradual increase in bedform size com- 
mences at the same time as the superimposed megaripples 
appear, and rippled sandwaves do not occur as an obvious 
intermediate step. These observations may support experi- 
mental work suggesting that bedform destruction is a less 
‘efficient’ and slower process than bedform generation”. 


Hydraulic relationships 


Bedforms respond in some manner to all flows that are above 
the threshold of sediment movement, but lag behind changes in 
flow conditions because of the finite time required to reach a 
new equilibrium****. As a result, it is difficult to determine a 
specific set of hydraulic conditions responsible for the bedforms 
observed in the study area, because flow conditions vary greatly 
over the semidiurnal tidal cycle. It is thought, however, that a 
reasonable approximation to these ‘effective’ conditions is 
obtained by assuming that the major bedforms are produced by 
the peak flow during the dominant half of the tidal cycle. This is 
the period when the largest amount of sediment is transported, 
and data” on the variation of friction factors over the tidal cycle 
suggest that the bedforms approach equilibrium most closely at 
this time. 

Therefore, representative ‘average-maximum’ values of the 
mean current speed (U ) have been calculated by averaging the 
three highest mean speeds measured in water depths greater 
than 2.5 m during the dominant half of each monitored tidal 
cycle. (The depth limit of 2.5 m was established because fast 
currents in shallower flows were observed to plane-off pre- 
existing bedform crests.) Average-maximum values of shear 
velocity (U,) and stream power (w ) also were calculated in the 
same manner. The mean water depth was taken as the average 
of the depths in which the three maximum U values occurred. 
All of these data are summarised in Table 2, and phase 
diagrams involving water depth, mean current speed and grain 
size are shown in Fig. 4. 

Figure 4 shows that a good separation of the bedform types is 
achieved using the above procedure. Some overlap does occur, 
but this is to be expected because of the complexity of the 
environment as compared to closely controlled flume experi- 
ments. One factor not previously considered that contributes to 
the overlap in terms of U is the variation of flow strength with 
tidal range. During neap and spring tides, the maximum cur- 
rent speeds may, for a few tidal cycles, fall outside the stability 
range of the bed configuration developed by the preceding 
average tides. Because of lag effects™?®, the bedforms do not 
always achieve a new equilibrium, and thus exist ‘metastably’ 


Fig. 3 Plot of bedform height (H) against wavelength (L). 

Envelopes to the observed values are given for Type 1 megarip- 

ples, Type 2 megaripples and megarippled sandwaves. The thin 

diagonal lines are contours of the steepness index (L/H ). O, Type 

1 megaripples; @, Type 2 megaripples; O, rippled sandwaves; 
E. megarippled sandwaves. 
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Fig. 4 Bedform phase diagrams, | 
‘constructed by the method outlined...” 
in the text. The dominant half of the _ 
tidal ie was established + i 
a o sic a aad Nood. a 
Thè bed configuration developed at 
each’ site. was ‘determined by direct” & 
observation during , emergence 
and/or from echo-sounder records. & 
‘A, Ripples, O; Type 1 niegaripples; 
©, piling steed Cl, rippled 
sandwaves; “megarippled 
‘ sancdwaves; V, PA regime 
, plane bed. a, Average-maximum 
mean current speed plotted against 
mean grain size. Data for all. water. 
depths are Included. b, Mean water eo 
depth plotted against :ęverage-:. , - 
maximum mean speed. Only data = 
for medium sand (0.5-0 25 mm: ro 
1.0-2.0 phi) are included. e 
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out of their normal stability field, thereby creating overlap. 


- However, this does not obscure the basic hydraulic relation- 


ships. 


In the’ study area, ripples occur alone, without larger bed- ` 


forms, only where the mean sediment size is <0.25 mm 
(2. 0 phi) and the average-maximum current speed is below 
0.75 ms’ (Fig. 4a). The upper flow regime plane bed field also 
is restricted to fine grain size (less than ~0.21 mm: 2.25 phi) 
within the range of velocitits encountered. - - 

Type, 1 megaripplés form in: sands coarser than 0.18 mm 
(2. 5 phi) at average-maximum mean speeds comparable to 
those producing ripples, and at flow strengths (as expressed by 
either U, Uy, OF w) which are considerably below those pro- 
ducing Type 2 megaripples (Fig. -4a; ‘Table’ 2), This flow- 
strength distinction between straight-crested (Type 1) and 
three-dimensional (Type 2) megaripples has been known qual- 


itatively for some time”, but has not previously been 


quantified. The degree of separation “of the two megaripple 
types in Fig. 4 is remarkable, given the gradational! nature of- 
the morphological transition between them: This indicates that 
the distinction used here is not only consistent, but also of 
potential genetic significance. 

Megarippled sandwaves also form at higher flow strengths 
than Type 1 megaripples, but at a slightly lower average 
strength than Type 2 megaripples (Fig. 4a, Table 2). However, 
the .overlap between megarippled sandwaves and Type 2 
megaripples in terms of U (and also u, and w) is large (Fig. 4); 
and both bedform types form in an almost identical range of 
water depths (Fig. 45), a finding which sharply disagrees with 
the results of a previous study™. Clearly, mean grain size is the 
only major vatiable that distinguishes between these two bed 
configurations (Fig. 4a): sandwaves are restricted to sediments 
coarser’ than approximately 0.308 mm - (1.70 phi); whereas 
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megaripples coexist with sandwaves at those grain sizes but 
occur alone in finer sands. (Some Type 2 megaripple points plot 
within the megarippled sandwave stability field in Fig. 4a, but 
most of these represent starved megaripples migrating over 
gravel lag or bedrock. It may be that sandwaves, like desert 
draas”, require a minimum thickness of mobile sediment 
before their formation is possible.) 

Rippled sandwaves have not been given a separate stability 
field in Fig.4a and b, because they overlap considerably with 
Type 1 megaripples and to a lesser extent with megarippled 
sandwaves. This behaviour agrees with the earlier suggestion 
that rippled sandwaves are a PECORE form of megarippled 


_ sandwaves. ` 


Discussion 


Comparison of the current speed-grain size phase diagram 
developed for this natural environment (Fig. 4a) with those 
constructed from ‘shallow (0.2-0.4 m) flume experiments?! 
shows a close similarity in the positioning and slope of the 
various phase boundaries, despite the vastly different flow 
depths. The flume studies reveal that the stability field of dunes 
gradually pinches out as the sediment size decreases, so that 
dunes do not occur at grain sizes finer than approximately 
0.1 mm (3.3 phiy*. If Type 1 and Type 2 megaripples are 
considered together, then a similar pattern is evident in Fig. 4a. 
In addition, the slope of the Type 1 megaripple phase boun- 
daries in Fig. 4a matches that of ‘sand waves’ in ref. 31 over the 


_ corresponding range of grain sizes. 


These similarities, plus the near-vertical orientation of the 
Type 1-Type 2 megaripple boundary in Fig. 45, are clear 
evidence that water depth has little influence on bedform 
development, especially in flow depths as great as those 


encountered in the study area. 


Table 2 ‘Mean values of.sediment and flow parameters characterising the occurrence of the various bedform types 
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0.687 
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0.955 - 


Mean water 
_ depth 
(m) ~ (mr`>°) 


5.37 0.035 
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Examination of the hydraulic and morphological data 
indicates that Type 1 megaripples are equivalent to the ‘bars’ 
described by Costello®, whereas Type 2 megaripples represent 
the dunes of refs 6, 30, and 31. Confusion arises, however, 
because ‘bars’ are, unfortunately, also called ‘sand waves’, and 
are thought®*’*' to be a smaller-scale equivalent of the large 
sandwaves reported from many natural environments'*?°-*?, 


The positioning of the distinct megarippled sandwave field in | 


Fig. 4a does not seem to support such a comparison, despite 
the many morphological similarities between sandwaves and 
Type 1 megaripples (‘bars’). 

It has been suggested’ ™ that sandwaves are large dunes, 
which are in equilibrium with deeper and faster flows than 
smaller dunes. The large overlap of the megarippled sandwave 
and Type 2 megaripple stability fields in terms of both speed 
and depth (Fig. 4a, b) strongly indicates that this interpretation 
is not valid, at least in the study area. The formation of 
megaripples and sandwaves in similar water depths (Fig. 4b, 
Table 2) also calls into question the generality of the commonly 
cited relationship between water depth and bedform 
wavelength’, which forms the basis of the computational 
model of bedform lag developed recently by Allen”. The 
results of such models must, therefore, be treated with caution 
until more is known about sandwaves and their genetic rela- 
tionship to ‘bars’ and dunes. Clearly, further detailed study in 
natural environments is necessary until such time as sandwaves 
can be reproduced in flumes. 
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Chimaeric plasmids have been constructed containing a 
yeast plasmid and fragments of yeast nuclear DNA linked 
to pMB9, a derivative of the ColEl plasmid from E. coli. 
Two plasmids were isolated which complement leuB 
mutations in E. coli. These plasmids have been used to 
develop a method for transforming a leu2 strain of S. 
cerevisiae to Leu” with high frequency. The yeast trans- 
formants contained multiple plasmid copies which were 
recovered by transformation in E. coli. The yeast plasmid 
sequence recombined intramolecularly during propagation 
in yeast. 


PROCEDURES for cloning DNA segments in Escherichia coli 
by insertion into a plasmid or bacteriophage genome are now 
well established and have been used to isolate many prokaryotic 
and eukaryotic DNA sequences. However, many eukaryotic 
genes do not have counterparts in bacteria and therefore cannot 
be isolated by complementation of a bacterial deficiency, and 
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sequences involved in regulation or development may only be 
usefully studied in a homologous genetic background. 

A yeast cloning system would be extremely useful for the 
isolation of genes and regulatory sequences from yeast and other 
eukaryotic organisms and for the genetic manipulation of 
commercially important yeasts. Recently yeast cells were trans- 
formed at a frequency of 10~’ transformants per viable cell using 
a derivative of the bacterial plasmid ColEl carrying the yeast 
LEU2 gene which codes for -isopropylmalate dehy- 
drogenase'. The transforming plasmid was apparently not 
present in yeast clones in the free or non-integrated form but 
was integrated into yeast chromosomes at more than one site. 

I describe here the development of a highly efficient yeast 
transformation system using yeast—bacterial hybrid plasmids 
which are able to replicate and may be selected in and recovered 
from both E. coli and Saccharomyces cerevisiae. The hybrid 
plasmids incorporate a yeast plasmid, 2 wm long (approximately 
6 kilobases)’ which was previously cloned in bacteriophage A 
and analysed by restriction endonuclease digestion to determine 
its suitability as a cloning vehicle. 

The yeast plasmid is present in many strains of S. cerevisiae 
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Fig. 1 Plasmid pMB9, the 2-m plasmids from S. cerevisiae, and 
the hybrid plasmids used to clone nuclear DNA fragments from S. 
cerevisiae. The physical map of pMB39 is essentially that described 
by Bolivar etal. * and the Hpal endonuclease target was mapped in 
this work. The tetracycline resistance gene is represented by Tc’. 
The S. cerevisiae plasmid types A and B which are presumably 
interconvertible are represented as dumbells with the inverted 
repeat regions corresponding to the stem portion. The sizes of 
EcoRI restriction digest fragments are given as kilobases and were 
reported previously”. The structures are shown of the four hybrid 
plasmids chosen for further cloning experiments out of the eight 
possible configurations. To construct these hybrid plasmids, 
purified’? yeast plasmid DNA was restricted with EcoRI 
endonuclease’” under conditions such that digestion was 
incomplete and the majority of the products were in the form of full 
length linear molecules as determined by agarose ge! electro- 
phoresis”. Plasmid pMB9 DNA purified from chloramphenicol- 
treated cultures?” by acleared lysate procedure’ was digested with 
EcoRI endonuclease and the two digested DNA samples were 
mixed and ligated”. E. coli strain ED8767 (recA56 metB hsdS 

supE supF; W. J. Brammar) grown in L-broth™” was made 
competent by calcium chloride starvation” and transformed by 
heat shock treatment with DNA at 0.3 wg ml’. Cells were diluted 
threefold with L-broth and incubated at 37 °C for 40 min before 
plating to select for transformants on fresh L-broth agar containing 
tetracycline hydrochloride at 15 ug ml Transformant clones 
were screened for the presence of the yeast plasmid sequence by in 
situ hybridisation?“ with a “P-labelled probe prepared by nick 
translation’ of DNA from a lambda clone of the yeast plasmid® 
Clones of plasmids containing the yeast sequence were further 
analysed to identify those in which the complete yeast plasmid was 
present. The size of plasmid in each clone was estimated by gel 
electrophoresis of colony lysates". Clones with full-size hybrid 
plasmids were further characterised by restriction analysis of the 

plasmid DNA. 


Fig. 2 Cloning of leuB-complementing sequences from yeast 
nuclear DNA into hybrid plasmids. EcoRI endonuclease digests of 
(1) pMB9 DNA, (2) pJDB36 (type A hybrid plasmid) DNA, (3) 
pJDB41 (type B hybrid plasmid) DNA, (4) pJDB248 (type A leu” 
plasmid), (5) pJDB219 (type B leu” plasmid) and (6) EcoRI 
endonuclease digest of A DNA mixed with a Hpal endonuclease 
digest of A DNA. DNA fragment sizes are given in kilobases and 
faint bands are indicated by arrows. In the diagram only yeast 
sequences in pJDB248 and pJDB219 are shown. The yeast plas- 
mid sequence is represented by a continuous line and the yeast 
nuclear DNA inserts by discontinuous lines. Arrows in the diagram 
represent sites for EcoRI endonuclease. Nuclear DNA (a gift from 
C. Christiansen) from S. cerevisiae strain M127 (prototrophic) was 
sheared in a Virtis 60K homogeniser~ such that the major fraction 
of sheared DNA was in fragments 6 to 15 kilobases long with a 
smaller proportion of fragments of length ranging to less than | 
kilobase. A mixture of the DNAs of the hybrid plasmids pJDB36, 
pJDB41, pJDB45 and pJDB71 was digested with Psal 
endonuclease. Both the yeast and the plasmid DNAs were extrac- 
ted with phenol, extracted with ether and extensively dialysed 
against 0.1 M potassium cacodylate pH 7.0. Poly(dA) tails were 
added to the yeast DNA and poly(dT) tails were added to the 
plasmid DNAs by incubation with calf thymus terminal deoxy- 
nucleotidyl transferase. The reaction conditions were as described 
by Lobban and Kaiser”, except that the temperature of the 
poly(dT) reaction was lowered to 0 °C, and in both reactions MgCl, 
was replaced by 0.5mM CoCl, (ref. 29). The reactions were 
stopped by the addition of EDTA when 50 nucleotides had been 
incorporated per 3° terminus. The tailed DNAs (0.37 ug of each 
DNA ml‘) were annealed in 10 mM Tris, 1 mM EDTA, 100 mM 
NaCl pH 8 by incubating at 65 °C for 10 min and allowing to cool to 
room temperature in the same water bath. The DNA was cloned in 
E. coli JA221 by selection of tetracycline-resistant transformants. 
A total of 21,000 clones were stored in batches of 500 at —80 °C in 
12.3g per | K-HPO,, 0.9g per | sodium citrate, 0.18 ¢ per | 
MgSQO,.7H,O, 1.8 g per | (NH4),SO4, 3.6 g per | KH2PO,, 88 g 
per | glycerol (D. Hogness, personal communication). In addition 
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5,000 of these clones were maintained individually in L-broth containing 7% dimethylsulphoxide in microtitre slates at —20 °C. Clones with 
plasmids complementing the /euB6 mutation in E. coli JA221 were selected by growth of samples from the batches of clones on minimal selective 
plates (the minimal medium of Spizizen*® was used with 0.2% w/v glucose, 1.5% Difco Bacto agar and 20 pug ml — L-tryptophan). The 
leuB6-complementing plasmids (pJDB219 and pJDB248) were analysed by digestion of the DNAs with EcoRI, HindIII, and Hpal 
endonucleases and gel electrophoresis to determine the configuration of the hybrid plasmid in each case. Elect-ophoresis was through a 1% 
agarose horizontal slab gel (18 x 24 x 0.5 cm) in 40 mM Tris, 20 mM sodium acetate, 1 mM EDTA pH 8.2 at 100 V per 30 mA for 15h. The ge! 
was stained by soaking in a solution of ethidium bromide (0.5 ug ml ') and photographed with a UV ight source below | 
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Fig. 3 Autoradiograph of **P-labelled cRNA prepared?” to 
EcoRI digested DNA of pJDB248 (1, 2 and 3) or pJDB36 (4 and 5) 
hybridised with EcoRI digested pJDB248 DNA (1 and 4), S. 
cerevisiae DNA (2 and 5) or S. cerevisiae and pJDB248 DNAs 
together (3). The bands corresponding to the 1.5 kilobase DNA 
fragment are indicated by an arrow. The slower migrating bands (I, 
Il, Ill) observed in the yeast DNA digests correspond to the 
supercoiled, nicked-circular and linear forms respectively of 2-um 
yeast plasmid which was relatively resistant to digestion by EcoRI 
endonuclease although there were two targets for this enzyme in 
the plasmid sequence of this strain. Digestion of plasmid DNA with 
EcoRI endonuclease before the preparation of cRNA had the 
effect of increasing the efficiency of the RNA polymerase reaction, 
but the yeast sequences were then preferentially transcribed, 
resulting in the relatively lower intensity of the band due to pMB9 
on the autoradiograph. The S. cerevisiae DNA used in this 
experiment was a different preparation from that used in the 
cloning experiment (and was prepared as described in the legend to 
Fig. 5). The possibility that the cloned DNA fragment was a 
contaminant in the DNA preparation is therefore unlikely. EcoRI 
digested DNAs were electrophoresed through a 1. 5% agarose slab 
gel at 120 V per 45 mA for 13h and transferred”? to a nitrocel- 
lulose filter (Millipore HAWP). Hybridisation of the filters was 
carried out at 60 °C in 4 ml 2 x SSC (0.03 M sodium citrate, 0.3 M 
sodium chloride, pH 7.0) containing 20 ug E. coli tRNA and 
cRNA (300,000 d.p.m.) with rapid shaking for 16h. The filters 
were washed in 1 x SSC at 60°C with gentle shaking for 2 h. The 
sensitivity of Kodak X-Omat H film was enhanced by using Ilford 
fast tungstate screens and storing at —80 °C during the exposure’. 


but has no known function. The plasmid has the same density as 
main band nuclear DNA** and replicates under nuclear 
control’*, there being 50 to 100 plasmid copies per cell’. It 
contains an inverted repeat sequence 600 base pairs long and is 
isolated as a mixture of two forms which differ from one another 
in the orientation of the two nonrepeated segments of the 
molecule with respect to each other. The two forms are 
presumably | due to recombination between the inverted repeat 
sequences'”'*. Plasmids isolated from several different strains 
of S. cerevisiae differ from each other by small deletions or point 
mutations which alter the restriction enzyme cleavage pattern of 
the DNAs’*"*. 
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Construction of chimaeric plasmids 


The plasmids were constructed in two stages. First, pMB9, a 
derivative of the ColE] plasmid from E. coli'*, and the plasmid 
from S. cerevisiae DR19/8T'® were joined by ligation of the 
DNA fragments produced by EcoRI endonuclease (Fig. 1). The 
pMB9 sequence includes a tetracycline resistance determinant 
and tetracycline-resistant clones were selected after transform- 
ing E. coli with the ligated DNAs. These clones were screened 
for a hybrid plasmid large enough to carry the complete yeast 
plasmid sequence. 

Hybrid yeast-pMB9 plasmids theoretically have eight possi- 
ble configurations. These are determined by whether the yeast 
sequence is in type A or type B configuration, by which of the 
two EcoRI endonuclease targets joins the sequence to pMB9, 
and by the orientation of insertion into pMB9. These configura- 
tions can be differentiated by the digestion pattern of the 
plasmid DNA with HindIII or Hpal endonucleases. Five of 
these different configurations were found amongst seven 
complete hybrid plasmids examined. The significance of the two 
forms (A and B) of yeast plasmid was not known. Nor was it 
known whether cloning DNA fragments into either of the EcoRI 
sites of the yeast plasmid would inactivate a sequence required 
for the maintenance of the plasmid in yeast or for some other 
essential function. Therefore, four of the different hybrid plas- 
mids, pJDB36, pJDB41, pJDB45 and pJDB71 (Fig. 1), were 
used in the second stage of the construction of the plasmids to be 
used in the transformation of yeast. 

Sheared nuclear DNA from S. cerevisiae of average fragment 
length 6 to 15 kilobases was linked by means of poly(dA-dT) 
tails'’ to a mixture of DNAs of pJDB36, pJDB41, pJDB45 and 
pJDB71 which had been converted to linear molecules by 
digestion with PstI endonuclease. Tetracycline resistant clones 
were selected after transformation of E. coli JA221 (recAl, 
leuB6, trpAES, hsdR” hsdM* lacY C600; J. Carbon) with the 
annealed DNAs. A total of 21,000 clones were obtained, and 
those which were phenotypically leu” were isolated by selection 
on minimal plates. Two plasmids, pJDB219 and pJDB248, were 
isolated which contained a sequence able to complement the 
leuB6 mutation in strains JA221 and C600. Both plasmids 
transformed strain JA221 to leu” or to tetracycline resistance 
with equal efficiency (10° transformants per ug DNA). The 
plasmids also complemented the /euB61 and /euB401 alleles’* 
at the same frequency as transformation to tetracycline resis- 
tance in the same strains. 

Plasmid pJDB248 was pJDB36 with an insertion of approx- 
imately 2.4 kilobases containing two sites for EcoRI 
endonuclease which were 1.5 kilobases apart (Fig. 2). Plasmid 
pJDB219 was formed by an insertion of approximately 1.2 
kilobases (containing one target for EcoRI endonuclease) in 
pJDB41. 

Minor bands corresponding to DNA sequences of 3.8 and 2.9 
kilobases were observed in varying amounts in EcoRI digests of 
different preparations of pJDB248 DNA from cultures pro- 
duced from purified colonies. These corresponded to the frag- 
ment sizes expected if pJDB248 contained the type B yeast 
plasmid sequence rather than type A. Presumably the yeast 
inverted repeat sequences recombined during propagation in E. 
coli. This recombination was not observed in other E. coli—yeast 
hybrid plasmids. However, the rate of recombination may be 
slow relative to the growth rate of E. coli, and the growth of 
cultures from original clones was not extended beyond the 
minimum required for preparation of plasmid DNA. 

Figure 3 shows that DNA from S. cerevisiae digested with 
EcoRI endonuclease contained a 1.5 kilobase sequence which 
hybridised to the **P-labelled cRNA prepared to pJDB248 
DNA, but not to cRNA prepared to pJDB36. This indicates that 
the inserted sequence corresponds to a yeast DNA fragment. 
The same EcoRI-generated DNA fragment hybridised cRNA 
prepared to pJDB219, indicating that the /euB-complementing 
sequences in the two independently isolated plasmids were the 
same; 
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Transformation of yeast 


S. cerevisiae MC16aleu2-3 his4-712™ ade2-1 lys2-1 SUF2; G. 
R. Fink (FS denotes a suppressible mutation, SUF2 is a 
suppressor gene) was used as the recipient strain to investigate 
the uptake and replication of the plasmids and the transfer of the 
Leu* phenotype. Protoplasts and DNA were mixed and treated 
with polethylene glycol to promote DNA uptake (see legend to 
Fig. 4). In different experiments between 10% and 30% of the 
cells thus treated regenerated the cell wall and produced 
colonies in supplemented minimal agar. Viable protoplasts were 
transformed to LEU" by pJDB219 or pJDB248 DNA with a 
frequency of 5x 10~* to 3x 107° transformants per viable cell. 
The /eu2 mutation in this strain reverted to LEU* at a 
frequency of only 107°% to 107. Clones transformed by pJDB248 
grew as fast on selective plates as the untransformed cells grew 
on supplemented plates: protoplasts gave rise to colonies in 2 to 
3 days. Transformants of pJDB219 required 3 to 4 days to 
develop colonies. [Note, efficiency of transformation of S. cere- 
visiae was not linearly proportional to DNA concentration, and 
a saturating DNA concentration was not found. Transformation 
frequencies of 10* to 10° transformants per pg DNA were 
obtained in the conditions used here. ] 
To detect the presence of the transforming plasmids in yeast 
clones, extracts of yeast cells were analysed by gel electro- 
phoresis, transfer of the DNA to nitrocellulose and hybridisa- 
tion with a **P-labelled cRNA prepared to pMB9 DNA. Trans- 
formants T19.1 to T19.6 (Fig. 4) produced bands hybridising to 
the pMB9 sequence and with similar electrophoretic mobility to 
the transforming plasmid pJDB219 (upper and lower bands 
correspond to nicked circular and supercoiled molecules 
respectively, slower migrating minor bands probably represent 
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Fig. 4 Autoradiograph 
of *’P-labelled cRNA to 
PMB9 DNA hybridised 
with undigested DNA of 
lysates of yeast clones 
transformed with 
pJDB219 (clones T19.1 
to T19.6) or pJDB248 
(clones T48.1 to T48.6) 
and in the lysate of the 
untransformed recipient 
strain alone (0) and with 
pJDB219 DNA (p19). ai 
Cultures of S. cerevisiae et tee E 
MC16 to be transformed als eae 
were grown on YPDA 
(1% yeast extract, 2% Difco bacto-peptone, 2% glucose, 20 mg 17° 
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oligomeric forms of the plasmid), Transformants 148.1 
to T48.6 also contained plasmids with the pMB9 sequence and 
with lower electrophoretic mobility than pJDB219, as ex- 
pected for the larger plasmid pJDB248 (not shown in 
Fig. 4). There were apparently more copies per cell of 
pJDB219 than of pJDB248 in their respective transformant 
clones. 

To investigate the integrity of the plasmid sequence in trans- 
formants, DNA was extracted and analysed by digestion with 
EcoRI endonuclease. Figure 5 shows the banding pattern of 
EcoRI-digested plasmid DNA isolated from two yeast clones 
transformed by pJDB219. The bands found in digests of 
pJDB219 DNA (corresponding to 5.3, 3.8, 2.5 and 0.8 kilobase 
DNA fragments) can be seen in the transformant DNA digests, 
and also the bands found in the digests of 2-~m plasmid DNA 
(3.8, 3.6, 2.3 and 2.1 kilobase fragments). There is also a band in 
the transformant DNAs corresponding to a 4.0 kilobase frag- 
ment which would be expected if the yeast plasmid in pJDB219 
recombined during propagation in yeast, converting a type B to 
a type A plasmid (fragments of length 3.8 and 2.5 kilobases 
would be replaced by fragments of length 4.0 and 2.3 kilobases). 
Thus all the bands in the plasmid DNA of one transformant (Fig. 
5, track 2) are those expected for a mixture of the 2 um plasmid 
and pJDB219, however, two more bands can be seen in the 
plasmid DNA of the other transformant (Fig. 5, track 3) cor- 
responding to 3.4 and 1.9 kilobase fragments. These bands 
cannot be readily accounted for. They may be products of 
recombination between plasmids''. or of specific deletion 
events. Two examples of each type of banding pattern were 
found in digests of DNA from four different yeast clones trans- 
formed by pJDB219. The DNA from three yeast clones trans- 
formed by pJDB248 DNA was similarly analysed. The 
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. Cells were washed in sterile distilled 


water, concentrated threefold in 1.2 M sorbitol, 25 mM EDTA, 50 mM dithiothreitol pH 8 and incubated at 29°C for 10 min with gentle 
shaking. Cells were washed twice by centrifugation and resuspension in the original culture volume of cold, sterile 1.2 M sorbitol. Protoplasts 
were obtained by concentrating the cells threefold in 1.2 M sorbitol, 0.01 M EDTA, 0.1 M sodium citrate pH 5.8 containing Helicase lyophilised 
snail gut extract at 2 mg ml‘ (Industrie Biologique Francaise; 2 g powder containing 10° units B-glucuronidase activity were dissolved in 10 ml 
distilled water, filter sterilised and stored at —20°C), and incubated at 29°C with gentle shaking for 1h. Protoplasts were washed by 
centrifugation and resuspension in the original culture volume of 1.2 M sorbitol three | times to remove nuclease activities present in the snail gut 
extract, and resuspended i in 1.2 M sorbitol 10 mM CaCl, to give approximately 10'° protoplasts ml~'. DNA was mixed with 0.1 ml or 0.2 ml 
protoplasts to give 10 to 20 ug DNA ml‘ (DNA samples were sterilised immediately before use by extraction with chloroform and extraction 
with ether). Protoplasts and DNA were left at room temperature for 15 min and then diluted with 10 volumes of 20% polyethylene glyco! 4000, 
10 mM CaCl, 10 mM Tris-HCI pH 7.5 (a modification of a protoplast fusion procedure”). After 15 to 20 min pr anida were pelleted and 
resuspended i in 100 pl 1.2 M sorbitol, 10 mM CaCl», 20 ug ml! leucine plus 50 ul YPDA containing 1.2 M sorbitol, and incubated at 29 °C for 
20 min. Samples were diluted in 1.2 M sorbitol and plated by mixing in 7 ml minimal medium containing 1.2 M sorbitol and 3% agar at 45 °C 
(minimal medium was 0.67% Difco yeast nitrogen base without amino acids, 2% glucose, 20 mg!”' adenine, lysine and histidine) and pouring 
onto minimal medium plates containing 1.2 M sorbitol, 2% agar. Dilutions were plated on supplemented (20 ug leucine m! ') minimal plates to 
measure the efficiency of protoplast regeneration. Colonies developed after 2 to 4 days incubation at 29 °C. To test for the presence of the 
transforming plasmid, single clones were purified on minimal selective plates. Single colonies were used as inocula tomake 1 cm x 2 cm streaks on 
YPDA plates which were incubated at 29 °C overnight. These streaks of cells were resuspended in 0.5 ml 1.2 M sorbitol, 25 mM EDTA, 0.86 M 
2-mercaptoethanol, pH 8, left at room temperature for 10 to 20 min and centrifuged. The pelleted cells were resuspended in 0.5 ml 1.2 M 
sorbitol, 0.1 M sodium citrate, 10 mM EDTA pH 5.8 containing Helicase snail gut extract at 2mgml™' and incubated at 29°C for 1.5h 
Protoplasts were washed twice by centrifugation and resuspension in 1.5 ml 1.2 M sorbitol and finally resuspended in 200 ul 10 mM Tris, 
1 mM EDTA, 1% sodium dodecyl sulphate pH 8. Protoplasts were lysed by incubation at 60°C for 20 min and debris was pelleted. Lysate (40 ul) 
was mixed with 20 yl 20% Ficoll, 0.05% bromophenol blue and electrophoresed through 1% agarose slab gels at 120 V per 35 mA for 15 h. Gels 
were exposed to short wavelength ultraviolet light for 15 min to nick the supercoiled plasmids and transferred to nitrocellulose filters as usual’ 

except that the denaturation step was carried out, at 37°C. for 1h to ensure plasmid denaturation and to hydrolyse RNA. The filters were 

hybridised with **P-labelled CRNA (300,000 d. p.m.) as described in Fig. 2. 
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Fig.5 Autoradiograph of **P-labelled cRNA to EcoRI digested 
DNA of pJDB219 hybridised with EcoRI digested DNA from 
yeast clones transformed by pJDB219. (1) pJDB219 DNA; (2) 
DNA from yeast clone T19.1 in Fig. 4; (3) DNA from yeast clone 
T19.2 in Fig. 4; (4) DNA from the untransformed yeast strain. 
DNA fragment sizes are indicated in kilobases. DNA was partially 
purified from cultures grown on YPDA medium by lysis of pro- 
toplasts™* and extraction of the lysates with phenol and chloroform. 
Nucleic acids were ethanol precipitated, resuspended, and RNA 
was digested by pancreatic ribonuclease**, The samples were 
finally dialysed against 5 mM Tris, 0.5 mM EDTA pH 8. 


unexpected 3.4 and 1.9 kilobase fragments were produced from 
the DNA of two of these clones (not shown). 


Recovery in E. coli of plasmids from yeast 
transformants 


Samples of DNA (prepared as described in Fig. 5) from six 
pJDB219 transformants were used to transform E. coli JA221. 
Transformed cells were plated on minimal agar, minimal agar 
containing tetracycline (15 wg ml‘) or leucine-supplemented 
agar containing tetracycline. No significant difference was found 
between the transformation frequencies for the leuB and the 
tetracycline resistance markers selected either independently or 
together. This suggests that the plasmids recovered from yeast 
transformants by complementation in E. coli had retained both 
the tetracycline resistance and the leuB-complementing 
sequences. This test gives no information about plasmids which 
may have retained the /euB-complementing sequence but lost 
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the pMB9 sequence, as the yeast plasmid probably does not 
replicate in E. coli (J. D. B., unpublished result). Similar results 
were obtained in recovering DNA from pJDB248 trans- 
formants although the level of complementation was reduced 
probably as a result of the low copy number of plasmid in these 
strains (see Fig. 4). 

DNA of the ‘recovered’ pJDB219 was isolated from eight E. 
coli transformants selected by transformation to leu” and tetra- 
cycline resistance, and from two transformants selected for 
tetracycline resistance alone. The EcoRI digestion pattern of 
seven of these plasmid isolates was identical to that of pJDB219 
DNA. Three of the recovered plasmids contained the yeast 
DNA sequence in the type A rather than the type B configura- 
tion. Since pJDB219 DNA used to transform yeast was in only 
one configuration (type B) this confirms the theory that recom- 
bination occurs in yeast between the inverted repeat sequences 
of the yeast plasmid. It can also be concluded that the yeast 
DNA sequence in pJDB219 complements the /euB mutation in 
E. coli regardless of the orientation of this sequence with respect 
to the pMB9 sequence (the inverted repeat sequences separate 
pMB39 from the /eu-complementing sequence). 

The results presented in this article show that S. cerevisiae can 
be readily transformed by the hybrid plasmids and that despite 
the generation of unexpected recombinant plasmids in some 
clones the unaltered plasmid can be isolated from the yeast 
clones directly, or purified by recloning in E. coli and prepared 
more easily from bacterial cultures. 

The inheritance of the Leu” phenotype in the yeast clones 
containing pJDB219 or pJDB248 has been shown by tetrad 
analysis to be cytoplasmic (J. D. B. and Nasmyth, K., in pre- 
paration). 

Yeast is a desirable organism to use in molecular cloning. It is 
readily and rapidly propagated. Its biochemical and physiologi- 
cal similarity to bacteria allows the use of techniques developed 
for bacterial systems. It offers the advantage to genetic studies of 
vegetative growth in both the haploid and the diploid states. The 
high frequency of transformation obtained with the system 
described here makes it feasible to isolate directly in yeast any 
yeast DNA sequence from a pool of hybrid plasmids carrying 
fragments representing the entire yeast genome. 

All experiments using organisms containing recombinant 
plasmids were carried out under category I containment as 
recommended by the UK Genetic Manipulation Advisory 
Group. I thank Professor K. Murray and Dr R. B. Flavell for 
laboratory facilities and many materials, and J. F. Atkins and J. 
R. Bedbrook for discussions. Most enzymes were provided by K. 
Murray and J. R. Bedbrook. Calf thymus terminal transferase 
was a gift from the Corporate Lab., ICI. The work was suppor- 
ted in part by an SRC grant. An EMBO Short Term Fellowship 
was awarded to develop techniques for regenerating yeast pro- 
toplasts in the laboratory of Dr P. P. Slonimski. J. D. B. isa Beit 
Memorial Research Fellow. 
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testosterone and dihydrotestosterone 
separately or together 





Our new RIA kit is the simplest and fastest available for the assay of testosterone and 
dihydrotestosterone, separately or together in research applications in a wide range of 
biological samples. 


To assay both androgens together a high specific Separation of the two androgens is achieved 
activity tritium label gives the assay a very sensitive without the need for column chromatography by the 
detection limit of 3 pg dihydrotestosterone per use of a novel oxidation step which destroys the 
incubation tube. Also, a wide range of concentration testosterone present. The assay of the unaffected 
levels can be assayed, up to 400 pg testosterone and dihydrotestosterone is achieved with a simple 

800 pg dihydrotestosterone per incubation tube. protocol incorporating a short incubation time of 2%: 


hours. Standards for both androgens are provided. 
Accurate results are obtained easily and quickly. 
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A ophenn ane waves ne i 
generated during a solar eclipse ~ | 


DURING a sii eclipse, the Moon’s oor shadow, moving a 
supersonic’ speed through the’ Earth’s atmosphere,- should 
generate bow waves. In the experiments described here four 
microbarographs were used in an attempt to detéct’atmospheric 
pressure oscillations that were expected to accompany bow 
waves associated with the total solar eclipse of 23 October 1976. 
These internal gravity waves were found to have a peak-to-peak 
aap Oe 1 Ee ae ee 
3.1x10°' ms. 

Figure 1 ae in relation to the esac line of the cilip, the 
locations of ‘the microbarographs at Tantanoola (T), Whyalla 


(W), Adelaide (A) and Kambalda (K), some hundreds to thous- ‘ 


ands of km apart. Their geographical coordinates-are listed in 
Table 1. Four microbarograph records, sampled at 1-min‘inter- 
vals, are shown in Fig. 2. They all have dominant pressure 
oscillations at periods of the order of 20—25 min, with peak-to- 
peak amplitudes of 0.1-0.2 Pa. (Note that the microbarographs 
had broadband characteristics. Their maximum amplitude 
response was adjusted to be at a period of 6 min, which was 
approximately double their response to a 23-min period. It 
indicates that if other dominant periods had been present, these 
would also have been recotded.) -` 

A microbarograph was installed at Kambalda Westem 
Australia) in anticipation that focusing of the bow-wave might 
occur in this locality due to curvature of the eclipse path and of 
the Earth’s surface’. In that case, a considerably greater ampli- 
tude would be expected at K compared with amplitudes at T, A 
and W which were well outside the expected focusing region. 
However, the present observations indicate similar amplitudes 
at all four stations, and give no suggestions of a focusing effect 
near K. The computation predicting focusing at K was 
subsequently found to be in error; S. Ball (personal com- 
munication) has shown that focusing of the bow wave should, in 
fact, have occurred at high northern latitudes. t 

At T, W and A, the weather remained fine throughout the 
recording time. At K, storms, accompanid by pressure fluctua- 
tions of 0.5-1.0 Pa amplitude, masked any bow wave TEE 
except for the? h showr in Fig. 2. 

‘To obtain'a’ better estimate of the rodiy. a Been 
analysis‘was made of each’of the four records ij in Fig. 2. In every 
casé, a period between 22 and 24 min’ was identified, the mean 
period being 22.7 min. This was the only periodicity common to 
all four records. It therefore seemed reasonable to attribute a 


23-min period to a disturbance sufficiently widespread to affect 


all four stations, such as that generated by the eclipse. 


As a further check that the 23-min periód was associated with l 


the eclipse, a comparison was made of the data shown in Fig. 3 
namely the spectral components for T, ‘which were: (1) derived 
for the nearly 5 h data in Fig. 2, including the eclipse interval and 
_ ‘shortly afterwards; (2) derived for 83 min immediately before; 
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and'(3) for 112 min immediately afte- the data in (1). (T'was the 
only station for which data were available to make such a 
comparison.) The predominance of the 23-min period during 
and shortly after the eclipse, as indicated in (1), and its absence 
at adjacent times, confirms its association with the eclipse. 
o The present observation of 23 minis similar to the periodicity 
of about 20 min recorded*” in upper atmospheric disturbances 
after the eclipse'of 7 March 1970. > 

An internal gravity wave of per od 23 min should have a 
velocity® of 3.1.10? ms’. From this, and the known velocity of 
the eclipse ‘point’ along the central | ne of the eclipse path’, the 
positions of Q, 7,'S and R (called disturbance points) on the 
central line were estimated and are shown in Fig. 1. An eclipse- 


_ generated disturbance initiated at these points would arrive first 


at.station K and then at T, A and W, respectively, before 
disturbance initiated .elsewhere on the line. From the known 
times’ when the eclipse point movec through Q, R, S and T, an 
estimate was made of the times when the same phase of a bow 
wave mous pe rere ane W, A and T, respectively. 
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Tabie 1 -Geographical coordinates cf the four microbarographs 





Tantanoola Adelaide Whyalla Kambalda 
(T) (A) (W) (K) 


Latitude CS) ° 7 . - 377 34.8 33.0 31.2 





Longitude CE) ` "140 6. 138.6 137.5 121.7 
‘Disturbance point’ on 
central line of eclipse T S R Q 
Comparanve, time: (min) 20.5 17 75 13,5 0 
when eclipse was at dis- 
turbance point 
140 


| led 


Ne 


4 A 


Fa 4 
Fig. 1 Locations of the four microbarograph recording stations 
(T, A, W and K) and the cental line of the eclipse. 
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Fig. 2 Atmospheric pressure fluctuations recorded during and 
shortly after the eclipse at T, A, W and K. 


The data were analysed further to confirm that the bow wave 
had the assumed velocity of 3.1 x 10* m s~}, and so to verify that 
an internal gravity wave was generated along the eclipse path. In 
the analysis, data from all stations were limited to the first 2 h 
plotted in Fig. 2, because useful K data were only available at 
that time. In estimating the bow wave velocity, it was convenient 
to imagine that a disturbance left Q, R, S and T simultaneously. 
To allow for the non-infinite eclipse velocity, an appropriate 
amount of time (indicated in the last row of Table 1) was 
subtracted from the actual times of recording for each station. 
The time difference between records from two stations, cor- 
rected in this way, is denoted fr’. The interval, t’, between the 
occurrence of a particular phase of a disturbance at one station, 
and its occurrence at another station, is the time for a wave to 
travel between those stations. Knowing also the distance the 
wave has travelled, its velocity may be determined. 

We wanted to estimate as accurately as possible the phase 
difference between each of the six pairs of records. To do this, 
cross-correlation coefficients, with time slips, were calculated 
for each pair of records. In Fig. 4, the cross-correlation 
coefficient, r, is plotted as a function of t' for the six pairs of 
records. (As an indication of the reliability of the data, note that 
the largest maximum in each of the TW and WK curves in Fig. 4 
is statistically significant at the 5% significance level.) 


Fig. 3 Spectral components of Tantanoola data recorded: (1) 
during and shortly after the eclipse; (2) immediately before data in 
(1); and (3) immediately after data in (1). 
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In principle, the value of f at a particular correlation maxi- 
mum for a pair of stations should be the time of travel of a bow 
wave from one station to the other, corresponding to the 
assumed velocity of 3.1 10° ms~'(=18.(6)km min”'). (Each 
curve in Fig. 4 has, in fact, several correlation peaks at approx- 
imately 23-min intervals, as expected. An acceptable cor- 
relation maximum would correspond to ?’, giving a velocity of 
approximately the expected value.} However, the appreciable 
noise creates difficulty in accurately specifying the value of r 
appropriate to a correlation maximum. To improve the 
accuracy, a'sine curve of 23 min period was fitted to each 
cross-correlation curve. The arrows in Fig. 4 indicate when the 
sine curve giving best fit was a maximum, and these were taken 
to represent the correlation curve maxima. 

The ordinate in Fig. 4 is d, the distance travelled by the bow 
wave from the first-mentioned station to the second. The six 
circles in Fig. 4 represent values of d as a function of f’, 
corresponding to correlation maxima. The circles for the station 
pairs AW, WK and AK lie close to a line of slope 18.6 km min” 
which passes through the origin. The observed time delays for 
those station pairs therefore affirm the assumed value for the 
bow wave velocity. The circles for the station pairs TA, TW and 
TK may be represented by a line of similar slope, but passing 
through d = Oat t = —11 min. It seems significant that station T, 
on the central line of the eclipse, is included in all three of these 
latter station pairs. It suggests that the assumption of an atmo- 
spheric disturbance that occurred only on the central line of the 
eclipse is inadequate. In fact, the relevant width of the eclipse 
path was 174 km. 

A cross-correlation analysis was carried out on the total T and 
W data in Fig. 2, extending over nearly 5h. This gave a cor- 
relation curve maximum at f = 26 min, indicated in Fig. 4 by a 
square which lies close to the line of slope 18.6kmmin™', 
passing through the origin. In contrast, the TW cross-correlation 
curve in Fig. 4, computed for only the first 2h data, has a 
correlation maximum 11 min earlier. 
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Fig. 4 Cross-correlation coefficients (r), with time slips, are 

shown for the six pairs of stations. f is the time slip of the 

first-mentioned station of a pair ahead of the second; f has been 

‘corrected’ to allow for the non-infinite eclipse velocity. d is the 

distance travelled by a bow wave between the two stations of each 
pair. 


Both sets of points in Fig. 4 can be represented by lines of 
slope 18.6 km min`’, which affirms that the observed velocity 
was as expected for an internal gravity wave of period 23 min. 

An apparent discrepancy is the additional 11 min delay 
observed in the early phase of the bow wave received at T, 
compared with that received at A, W and K. This may be 
explained in terms of an initial disturbance that occurred north 
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of the central line of the eclipse, and travelled a longer distance 
to T and shorter distances to A, W and K than would have been 
“the case for a disturbance on the central line. The difference in 
© travel times, being 11 min, would locate the actual disturbance 
- source at, or near, the total eclipse boundary. As the data in Fig. 
4 are accurate to +2 min, the observation could imply a source 
location somewhere from ground level to stratospheric heights. 
The point arising in the present context is that the apparent 
1l-min discrepancy is explainable, and that the data which 
involve station T are not inconsistent with other data in affirming 
the expected internal gravity bow wave velocity. 


G. L. GOODWIN 
Boe. cn G. J. HOBSON 
School of Physics, 
South Australian Institute of Technology, 
Australia 
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First direct measurement of the beaming 
of Jupiter’s decametric radiation 


ONE of the most important features of the jovian decametric 
-yadioemission comes from the geometry of the observed radia- 
tion. The emission occurrence probability appears as a well 
defined function of the respective positions of Jupiter, the 
observer and the innermost galilean satellite Io, exhibiting 
several major sources which correspond to narrow ranges in 
zenocentric observer’s longitude L (the so-called central meri- 
dian longitude) and in the synodic orbital phase of Io, ®. These 
statistically established directivity properties were defined by 
Warwick’ and Alexander’, who showed that the repetition of 
the distinguishable dynamic spectra associated with each source 
occurring in a longitude range of 20°, is attributable to a +10° 
beaming cone into which the radiation escapes in the ecliptic 
plane. Dulk? stated more precisely that the emission is received 
on the Earth when Io makes certain angles with the line of sight, 
and that the dynamic spectrum varies in shape and frequency 
range with the magnetic longitude of lo. The beaming in latitude 
is also important*: the +3.3° variation of the zenocentric 


declination of the Earth is sufficient to lead to a 15° variation of 
the statistical apparent sub-lo longitude of the emission. But 
these conclusions, based on statistics and on the repeatability of 
similar dynamic spectra in equivalent geometrical configura- 
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tions of Jupiter, lo and the observer, ere not decisive, as they 
were obtained from a single direction at a given time. We 
present here the first direct experimental proof of a narrow 
beaming of Jupiter radiation, using simultaneous observations 
in two different directions, during the French—Soviet space radio 
astronomy experiment Stereo-5. 

In this experiment, the Sun was simultaneously tracked from 
the Earth, at Nancay Observatory, anc from the Soviet space- 
craft Mars 7, at the frequencies 30 and 60 MHz (ref. 5). The 
observations were carried out for up to iwo hours per day, when 
the Sun was near the meridian at Nançay, from August 1973 to 
May 1974. During this period, the spacecraft was fitted with two 
linear antennas perpendicular to the ecliptic plane, which also 
allowed us to observe Jupiter. At 30 MHz, the antenna was a 
full-wave dipole; taking into account: its efficiency and the 
electrical perturbation due to the spacecraft body, its effective 
gain was about 4 dB in the direction of the Sun, and much less in 
other directions. The signals were prea nplified and detected by 
two automatic gain-controlled receivers with 0.5 MHz 
bandwidth and logarithmic responses. Both outputs were digi- 
tised at 4 Hz, and data were compressed and recorded on board, 
before being transmitted by telemetry to the USSR and then 
back to France. At Nancay, the equipment consisted of two 
10dB Yagis nearly orientated towards the Sun, feeding 
receivers of the same kind as on the spacecraft but with a 10 Hz 
sampling rate. 

The broadband decametric Jupiter patrol at Nangay® used a 
linearly polarised, log-periodic antenne, with a 10 dB gain, and a 
swept frequency spectrograph, covering the 20-40 MHz 
frequency, with a 15 kHz bandwidth aad a sweep rate generally 
close to 10 Hz; in addition, a 1 MHz multichannel spectro- 
graph’, tunable in frequency, was centred at 30 MHz during the 
stereo periods. 

We were able to compare unambiguously: two pairs of simul- 
taneous track periods, 23 March 1974 and 15 May 1974, each 
free of solar activity (Fig. 1). On tke first day, Jupiter was 
recorded on the Earth and not on the probe, and vice versa on 
the second day. These two cases, both of which correspond to 
the high frequency jovian Early source, are synoptically 
described in Fig. 2. The configuraticn in the solar system is 
displayed in Fig. 3. Note that, when giang flux densities or times 
for the spacecraft, we consider whet would be seen by an 
observer on the line Jupiter-spacecra’t at a distance of Jupiter 
equal to the Jupiter—Earth distance. From solar burst studies, we 
know that the sensitivity of the Earth is about four times that on 
the spacecraft for a source in the direction of the antenna. 
maximum response (neglecting any problem of polarisation). 
We did not expect to receive many Jupiter events from the 
spacecraft, owing to the amount of available observation time. 
At 30 MHz, it emits for only a small percentage of time. It was 
also, for several weeks, pointing ir directions of very low 
spacecraft antenna gain. Moreover, the solar activity often 
prevented any detection of the joviam emission. Hence we did 
not record Jupiter’s activity when the stereo angle was small. 


Fig. 1 Jupiter recorded 
at 30 MHz. On 23 March 
{a} the spacecraft is free of 
any activity; on 15 May 
{b) the Earth is free. The 
time scale for the probe is 
reset for a distance to 
Jupiter equal to that of the 
Earth at the same time. 
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Fig. 2 Synoptic diagram of the Stereo observations of 23 March 
(@ = 14.8°) and 15 May (@= 16.4). Light lines correspond to the 
periods of observations; heavy lines sketch the observed jovian 
activity periods; dashes indicate, for both days, the UT on Earth 
and on the spacecraft, taking into account the delay due to pro- 
pagation; dotted lines are the occurrence probability contours, as 
drawn from 7 to 41 MHz (University of Colorado’s data). 


Nevertheless, all the features of the emission recorded by the 
spacecraft on 15 May 1974 are typical of Jupiter activity. The 
emission is absent at 60 MHz and present at 30 MHz, where it 
reaches a maximum flux density about 8 x 10°77! W m°? Hz"! It 
was recorded for half an hour; it consisted of a succession of 
bursts, which look like the well known L-bursts, with a pseudo 
period of the order of 2 min, exhibiting strong intensity fluctua- 
tions on a very short time scale (the solar bursts never have so 
short a time scale). These fluctuations might correspond either 
to the interplanetary scintillation or to jovian S-bursts, averaged 
by the time detection constant of the spacecraft receiver. Of 
course, the slower modulation (Z-bursts) is not an ionospheric 
effect, as is usually assumed from the ground, but is charac- 
teristic of the emission itself and probably corresponds to drift- 
ing spectral structures in the time-frequency plane. 

At that time, in Nangay, Jupiter was not recorded either by 
the 30 MHz receivers or at any frequency between 25 and 
38 MHz by the swept frequency receiver. At the end of the 
observation period, the planet was at a very large zenith angle in 
Nangay; but it was also tracked by the University of Colorado’s 
spectrograph, between 7 and 41 MHz, and no emission was 
observed? from 09.00 UT until 12.00 UT, above the sensitivity 
threshold 5x107 W m”? Hz™'. We can estimate that, during 
the whole ground observation period, there was no emission 
more intense than one-tenth of the intensity recorded on the 
spacecraft. This is to be related to the Jupiter stereo angle 
0 = 16.4° (that is, the Earth—Jupiter—spacecraft angle), at this 
date. 


Fig. 3 Projection on the ecliptic plane of the positions of the 
spacecraft, the Earth and Jupiter on 23 March (dashes) and 15 May 
(solid line}. The radiation pattern of the spacecraft is indicated. 
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On 23 March 1974, Nangay recorded a strong Jupiter event, 
lasting 40 min, which reached about 3x 10°?! Wm? Hz"! It 
was visible on all the receiver outputs and showed rapid spectral 
structures. Aboard the spacecraft, whose sensitivity threshold 
was ~10°°' W m`? Hz, that is, one-third of the activity peak 
on the ground, no emission was recorded in the whole obser- 
vation period. The stereo angle was 6 = 14.8°. 

Thus, both observations are the first direct evidence of the 
strong beaming of the decametric jovian emission: the recorded 
intensities, at the same instant, in two directions making an angle 
of 15° or 16° in longitude (and 0.2° or 0.4° in latitude) as viewed 
from Jupiter, differ by 5 or 10 dB at least. 

Figure 2 shows in L—® coordinates the lines corresponding to 
the observation and emission periods, for the Earth and the 
spacecraft for the two days. The periods without emission 
correspond to regions of lesser occurrence probability. 

In both cases, the spacecraft and the Earth swept the same 
ranges of longitude L, where the emissions occurred, whereas 
the ranges of Io-phase ® were different. That seems to indicate 
that it is the 11° difference in Io-phase which causes the lack of 
correlation in the observations. Moreover, if we allow some 
possible variation in L-coordinate for the emission visibility, the 


Fig. 4 Time variation of the departure angle between the obser- 

ver and the magnetic field at the feet of the Io threaded magnetic 

flux tube; light lines, observation periods; heavy lines, emission 
periods. a, 23 March; b, 15 May. 
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lo-phase discrepancy was only 6° and 4°, respectively. Our 
observations may then be interpreted as an indication that the 


<-> more rigorous angular condition comes from the position of Io 


< on its orbit with regard to the observer. To illustrate this, 
_» gupposing that the source of emission was at the northern or 
southern foot of the Io threaded flux tube (a generally accepted 
idea), we have computed (Fig. 4) the departure angle between 
the local magnetic field and the observer, using the D4-dipole 
model of Smith et ai.”. On 23 March, this angle varies between 
85° and 79° in the Northern Hemisphere (or 99-98° in the 
Southern) when the emission occurs on the Earth: aboard the 
spacecraft, during 1 the observation period, the range was 78-61° 
(or 105-102°); on 15 May, the angle varies between 86° and 80° 
in the Northern. Hemisphere (or 82-83° in the Southern) when 
the emission occurs on the spacecraft: on the Earth, the ob- 
served range wa s 110-86° (or 80-75°). Note that this angle 
differs by 9°: ata yen time between the Earth and the spacecraft 
and that, in any case, the ranges of variation overlapped. We 
conclude, the , that the decametric radiation should be 
yer ‘row pencil beam, perhaps as narrow as a few 
degrees, whic ı seems difficult to explain in terms of emission 
mechanism. Wi uld i imagine some strong propagation effects 
able to distort a less directive beam of emission. 

The Stereo-5 experiment is part of a cooperative programme 
between the USSR (Intercosmos) and France (CNES). It was 
sponsored by Centre. National d’Etudes Spatiales. We thank J. 
L. Steinberg, A. Boischot and J. W. Warwick for discussions. 
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Oscillations of the 
Sun and the geomagnetic field 


THE suggestion by Toth' that the reported long-period oscil- 
lations of the solar atmosphere”? may be observed as oscil- 
lations of the geomagnetic field is an intriguing idea. It was 
suggested’ that the ~2 h 40 min oscillations found in geomag- 
netic field data recorded at Tihany, Hungary, could reflect, 
through one of two possible mechanisms, similar period solar 
oscillations. In the first the geomagnetic field might have 
natural oscillations at this frequency that could produce 
environmental changes in the atmosphere*” and/or ionosphere 
and/or magnetosphere that would cause the ground-based 
telescope observations to reach erroneous conclusions. In the 
second mechanism the oscillations in the solar atmosphere 
might produce similar frequency oscillations in the inter- 
planetary magnetic field which, through coupling with the 
geomagnetic field at 1 AU, would cause similar period varia- 
tions in the field at the Earth’s surface. Such oscillations would 
be in the range of periods of solar wind fluctuations measured 
near Earth and often attributed to Alfvén waves®. Regular, 
periodic variations in the interplanetary magnetic field with a 
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Fig. 1 Power spectra of six consecutive sets of 12h of geomag- 

netic fluctuation data recorded at Durham, New Hampshire in 

1975 (solid lines). The times and dates mdicated for the spectra 

correspond to the local time of the staton (LT~UT~5h). The 

slope of the power-law fit through each spectrum is drawn. Dotted 

lines represent the low frequency portiens of two spectra from 
Siple Station, Antarctica. 
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period near that of the reported solar oscillations have not been 
reported. We have spectral analysed zeomagnetic feid data on 
the same days as those published by Toth’ using data from our 
fluxgate magnetometer stations in New Hampshire and in 
Quebec and data from the conjugate area at Siple Station, 
Antarctica’. 

Our lowest latitude station (Durham, New Hampshire) is at 
the geomagnetic shell parameter L ~-3.2; the highest latitude 
station (Girardville, Quebec) is at L.~ 4.4; Siple Station is at 
L ~4.1. Local time (LT) of our statioas is ~UT— 5 h. The three 
components of the magnetic field are sampled at two second 
intervals and written digitally on magnetic tape, The instru- 
ments’ noise levels are ~0.2 nT; the digitisation increment is 
0.06nT. We used our standard analysis method: the fast 
Fourier transform with a Thomson data window’ applied in the 
time domain. The geomagnetic observatory used by Toth in his 
analysis is located at L~ 1.9, approximately 6h east of the 
longitude of our stations. 

Several spectra (12-h intervals) from Durham for 9-1] 
November 1975, the days reported ty Toth’, are shown in Fig. 
1. Also shown (dotted lines) are the low frequency portions of 
Siple spectra for two of the time intervals. A power law 
frequency dependence P(f)x f° was fit through each spec- 
trum. The fits are shown superimpcsed on the spectra in the 
figures and the values of s for each spectrum are indicated. In 
none of these spectra do we find any evidence for a significant 
peak at a period of ~2 h 40 min. Because we find no significant 
spectral peaks in either the Northern Hemisphere data or m the 
conjugate (Siple) data, we can rule oat a global magnetospheric 
phenomenon, driven either internally or externally, as the 
cause of the reported magnetic variations’. 

The data analysed here are expressed in power per unit 
frequency. At 107° Hz, the power level 10° nT’ Hz”! cor- 
responds to an amplitude of ~4 nT in a bandwidth of 2x 
10°* Hz, an amplitude sensitivity comparable to the amplitude 
spectrum of Toth’. 
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A relationship between the reported long period variations 
of the solar atmosphere and the geomagnetic field would have 
important implications for interplanetary field/geomagnetic 
field coupling, as well as for the solar wind flow in the inner 
heliosphere. However, we find no evidence of solar oscillations 
being reflected in the Earth’s magnetic field on a global scale. 
The reported geomagnetic variations with a period of ~2h 
40 min must be local, related to geophysical sources in the 
vicinity of the observing station. We note a recent report” that 
the envelope of modulation of geomagnetic pulsations in the 
period range 10-45 s as well as the auroral electrojet index AE 
had periods of ~2 h 40 min, possibly related to the solar oscil- 
lations. 
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Large baryon densities attainable 
in high energy nuclear collisions 


NUCLEAR densities at least four and as much as 10 times 
normal should be achieved in U-U collisions with centre-of- 
mass kinetic energies between 1 and 4 GeV per nucleon, which 
would be much higher than previous discussions have indicated. 
Such collisions would give the best opportunity of making a 
stable or long-lived phase of high baryon density. It is suggested 
here that the accelerators at CERN would be well suited to 
explore the energy range of interest, both with fixed targets and 
with colliding beams. 

Nuclear physics has traditionally focused on the properties of 
nuclear matter in or near ‘normal’ conditions, meaning those 
prevailing in known nuclei. The properties of systems with very 
high baryon density are unknown, although there have been 
interesting speculations about stable or nearly stable high 
density phases’. In the absence of spontaneous transitions to 
such phases’ (which might well be inhibited by enormous bar- 
riers) the only known way to produce high baryon density is to 
bombard heavy nuclear targets with heavy nuclear projectiles’. 

Early theoretical discussions of such reactions were restricted 
to the nonrelativistic domain, with centre of mass (c.m.) kinetic 
energies much less than rest energies of the colliding nuciei. 
Density enhancements were computed by treating the nuclei as 
colliding drops of ‘nuclear fiuid’, forming a shock front where 
they meet. These assumptions are valid for c.m. energies less 
than about 0.25 GeV per nucleon, at which the shock ‘front’ 
becomes as thick as the nuclei themselves, and a density less than 
four times normal is found for a plausible nuclear equation of 
state®. 

The limitations on the shock wave approach suggested that 
higher energies could not generate still higher compressions. 
However, recent computations with a two-fluid model, in which 
bits of fluid at high relative velocity are coupled only by a 
frictional drag, indicated that high density could be attained 
during mutual interpenetration and slowing of target and pro- 
jectile without shock formation’. An attempt to understand 
these results of complex numerical calculations has led to the 
following simple considerations, which assume minimum 


0028-0836/78/0275—01 14501.00 


Nature Vol. 275 14 September 1978 


compressibility and therefore give lower limits on the density 
enhancements to be expected at relativistic c.m. energies, 

Uranium is a sufficiently large nucleus so that, at a 10-30% 
level of accuracy, a nearly head-on collision (=0.1 b out of =7 b 
total reaction cross section) may be described as the meeting of 
two slabs 15 fm thick with nucleon density about 0.15 fm. Of 
course, in the c.m. frame each slab would be Lorentz contracted, 
with density increased and thickness decreased by the Lorentz 
factor y = W/2M, where W is the total c.m. energy and M is the 
mass of a uranium nucleus. Suppose that for a given y each slab 
is thick enough to stop (in the c.m. frame) a nucleon in the other 
slab. Then the combined system will eventually be confined to a 
thickness less than 15/yfm, because the back of either slab 
(assumed to have relativistic velocity) must progress at least 
halfway to the meeting plane before even a light signal from that 
plane could reach it. Consequently, at one moment the average 
baryon density will be at least 2y times normal. 

To get the maximum y for stopping, note that a 40 mb 
nucleon—nucleon cross section corresponds to an average of nine 
interactions on crossing the slab. This number would be 
increased if repulsive correlations amoung the target nucleons 
were taken into account, but would be lower near the edges of 
the actual finite spheroidal nuclei. Suppose that the interaction 
probability is unchanged by previous collisions exciting the 
nucleon. A single high-energy nucleon—nucleon collision leaves 
a nearly uniform distribution in the fraction, x, of projectile 
momentum retained by a fast final nucleon'®. If successive 
collisions had the same property, as they would for widely 
spaced target nucleons, then after N collisions the mean value of 
x would be (N +1)’, so that, converting to the c.m. frame, the 
stopping y would be 1/2%=(N+1)/2, and the density 
enhancement would be greater than N +1 = 10 in our example. 
Barring an unexpected collective interaction between projectile 
and target, this estimate gives the upper limit on the stopping y. 
A safe lower limit is y = 2: at this y, the target is contracted by a 
factor 7 in the projectile frame, giving a geometrical thickness 
just over 2 fm, so that in all relevant frames of observation there 
would be at least three collisions, each separated from the others 
by a time interval >1 fm (taking C =1). This should be long 
enough for collisions to be independent, so that the effective N is 
at least 3, giving a stopping y of 2 and making this a self- 
consistent lower limit. An indication of the most likely y should 
come from analysing spectra of fast nucleons emitted in high 
energy nucleon—nucleus collisions. Such an experiment is 
underway at CERN (B. Povh, personal communication). 

Farley’’ stated that the c.m. energy range 1-10 GeV per 
nucleon is important. As shown here, 1-10 GeV (rather than 
values around 0.25 GeV suggested by older work’) is the range 
in which one would expect to see a transition from stopping to 
transparency, or passage of the two nuclei through each other 
with some excitation and deceleration. If stopping were still 
found at 10 GeV per nucleon, that would be a remarkable 
discovery of a new collective effect. 

From these arguments, CERN 1s a logical site for exploration 
of the high-baryon—density frontier. Uranium ions injected into 
the PS could be used in all three major installations at CERN 
(PS, SPS, ISR) for fixed target or colliding beam experiments in 
the c.m. energy range 1-10 GeV per nucleon. From the tech- 
nical point of view, because low energy (MeV per nucleon) 
partly stripped uranium beams have been made at GSI in 
Darmstadt, the main new development would be acceleration to 
energies of a few hundred MeV per nucleon and full stripping of 
the ions. Studies for the Berkeley Bevalac indicate that this 
could be accomplished by substantially improving the vacuum of 
the booster which feeds the PS, with little if any modification in 
the PS itself (H. A. Grunde, personal communication). (A plan 
to generate 1 GeV per nucleon uranium at the Bevalac is 
expected to cost $5 million, so that an effort on a similar scale at 
CERN would have a capital cost roughly 1% of the annual 
budget’”.) 

Many questions remain about observation, interpretation and 
possible application of phenomena associated with high baryon 
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density. The central point is that an almost model-independent 


argument shows high density can be produced, and from pre-. 


vious experience, explorers of such a new domain may find rich 
rewards—-perhaps even stable dense matter. 
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Photoelectrochemical reduction of 
aqueous carbon dioxide 

on p-type gallium phosphide 

in liquid junction solar cells 


THE non-biological reduction of carbon dioxide to organic 
compounds is of interest, as an alternative to natural photosyn- 
thesis, for the production of organic raw materials or fuel. In one 
approach, the required energy was supplied by irradiation with 
UV light, in the presence of ferrous salts, and resulted in the 
production of formic acid and of formaldehyde’. In another 
approach, the energy was supplied from an external power 
source by electrochemical reduction of aqueous carbon dioxide. 
The reduction of carbon dioxide and production of formic acid 
during the electrolysis of sodium bicarbonate in aqueous solu- 
tions has also been reported’, and a study of the reduction of 
carbon dioxide on a mercury cathode reviews earlier work’. 
Polarographic measurements on mercury electrodes showed 
that carbon dioxide, rather than the bicarbonate ion, is the 
electroactive species, with a half-wave reduction potential of 
—2.1 V (relative to SCE), and that formic acid is the only 
product*. We report here the photoassisted electrolytic reduc- 
tion of aqueous carbon dioxide, achieved using p-type gallium 
phosphide as a photocathode, with part or all of the energy being 
supplied by light. The products were formic acid, formaldehyde 
and methanol. 

Semiconducting solids have been intensively studied for their 
interaction with electrolytic solutions, and the theory of inter- 
action of illuminated semiconductors with electrolytes has been 
reviewed’. In photoelectrochemical cells, the semiconductor 
electrode immersed in the electrolyte is connected through an 
external circuit to a counterelectrode. In p-type semiconductors 
in the dark, there are many holes in the valence band, but only a 
small number of electrons in the conduction band. Illumination 
by light more energetic than the bandgap increases the number 
of electrons in the conduction band. This increase in electron 
density in the conduction band results in a cathodic current’. 
Electron transfer to a suitable acceptor in the solution reduces 
this acceptor. 
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The photoassisted electrolysis of water to hydrogen and oxy- 
gen has been carried out using either 3- or n-type semiconduc- 
tors under illumination, with metal coanterelectrodes as anodes 
or cathodes, respectively’. In these cases, an external elec- 
trical bias potential was needed to drive the reaction. The use of 
combinations of n- and p-type semiconductors such as n-TiO, 
and p-GaP, and the illumination of beth electrodes, resulted in 
‘self-driven’ photoelectrolysis cells mot requiring an external 
bias’! 

The photoelectrochemical reaction system used in the present 
work consisted of a closed double-walled borosilicate glass 
beaker (about 30 ml capacity), with thermostat set at 25 °C, 
containing an aqueous buffer solution as electrolyte, into which 
dipped a photoelectrode consisting of a single crystal of p- 
gallium phosphide (Zn doped; resistivity 0.19 Q cm; front sur- 
face area 0.24 cm’: etched for 1 mir in concentrated HNO,- 
concentrated HF-H,O, 3:1:4 v/v; the ohmic contact to the 
back surface of the crystal was made by an indium-—zinc solder. 
The back surface and the external lesd were insulated using an 
epoxy cement). The counterelectrode was a carbon rod (6 mm 
diameter), and a saturated calomel electrode served as a 
reference. Carbon was chosen as the counterelectrode, as it was 
reported that formic acid and other 2 D H, O compounds were 
not oxidised on carbon electrodes *. In some experiments, 
p-GaAs and p-Si were tested as photacathodes, but n-TrO, and 
n-Si were used as photoanodes. A light-beam from a stabilised 
high-pressure mercury arc or from a projector halogen lamp was 
focused with the help of a condensing lens on to the GaP crystal. 
Oxygen-free carbon dioxide (purified by passing through an 
aqueous solution of vanadous chloride) was continuously bub- 
bled through the electrolyte. A side-port fitted with a rubber 
septum and syringe served to withdraw samples without opening 
the flask. 

Using the above cell combination, both in the dark and under 
illumination, a measurable current tarough the external circuit 
could be obtained only by applying acathodic bias to the p-GaP 
electrode (Fig. 1a). With the application of a cathodic bias of 
— 1.0 V (relative to SCE) to the p-GaP, the initial photocurrent 
density was 6 mA cm’, whereas the dark current density was 
only 0.1 mA cm”. The photocurrent decreased gradually, but 
after 24 h stabilised at about 1 mA cem? 

Analysis of the electrolyte solutian showed the presence of 
formic acid (analysed by reductien with magnesium and 
chromotropic acid assay’, as well as by alkaline permanganate 
titration’*), formaldehyde (chrometropic acid assay), and 
methanol (gas chromatography on Poropak QO). After 18 and 
90 h of irradiation, the concentrations of formic acid produced 
were 1.2x107* and 5x107 M, these of formaldehyde 3.2 x 
1074 and 2.8 x 107% M, and those o methanol 1.1 10°* and 
8.1x 1074M, respectively. Thus, in contrast to the reduction of 
carbon dioxide on metal cathodes. the photoelectrolysis on 
p-gallium phosphide does not stop with the production of formic 
acid, but proceeds further, yie ding formaldehyde and 
methanol. The approximate constancy in concentration of 
formaldehyde may indicate that this product reaches a steady 
state of formation and further reaction. 

The efficiency of conversion of raciant energy into the chem- 
ical energy (optical conversion efficiency) of the reduction pro- 
ducts of carbon dioxide was calculated by adaptation of the 
formula used previously*'” for the protoelectrolysis of water to 
hydrogen and oxygen (in which eacn product is assumed to be 
formed exclusively): 


Optical conversion efficiency = 1007,[(AH/Z)- Val/ J, 











where /,=current density (mAem’}; J,=incident light 
intensity (mW cm”); AH =heat of combustion (= 2.962, 
2.639, 5.915 and 7.259 eV for hydrogen, formic acid, formal- 
dehyde and methanol, respectively) Z = number of electrodes 
required in the reduction of one molecule of carbon dioxide to a 
molecule of product (= 2, 2, 4 and 6 tor production of hydrogen, 
formic acid, formaldehyde and methanol, respectively}; V, = 
electrical bias (V). 
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Fig. 1 a, Current density (log scale) as a function of p-GaP 
potential {relative to SCE) for the ceil carbon/K,HPO,-KH2PO,, 
0.05 M, pH 6.8, CO2/p-GaP. Hlumination, high-pressure Hg- 
lamp, unfiltered; 210 mW cm” *. b, Current density as a function of 
terminal voltage for the cell carbon/K,HPO,.-KH;PQ,, 0.05 M, 
pH 6.8, CO;/p-GaP. IHumination: halogen lamp, filtered to 
transmit 365 nm band; J, 2.4mWem"’. c, Optical conversion 
efficiency (%) as a function of terminal voltage for production of 
Ch,O (x ) and CHOH (©) in the experiment shown in (b). 


In an experiment using filtered light of 365 nm wavelength 
(Fig. 16), the maximal optical conversion efficiencies for pro- 
duction of either formaldehyde or methanol were thus deter- 
mined to occur at bias voltages of — 0.8 to — 0.9 V (Fig. 1c), and 
were 5.6 or 3.6%, respectively. As only 17.3% of solar irradi- 
ance (at AM2) is in the near UV and blue regions (315- 
510 nm)’*, and thus effective for exciting p-gallium phosphide 


(bandgap 2.25eV), the maximal solar energy conversion 


efficiency to formaldehyde or methanol is calculated to be 0.97 
or 0.61%, respectively. 

In another experiment, an n-type polycrystalline TiO, semi- 
conductor was used instead of carbon as the counterelectrode, 
and as electrolyte a 0.1 M solution of lithium carbonate (30 ml). 
After 16 h of illumination (unfiltered light of Hg-lamp) on both 
electrodes, maintaining a constant current of 0.50 mA (current 
density 2.1 mA cm” on the GaP cathode), and letting the 
negative bias on the p-GaP cathode rise gradually from — 0.86 
to ~ 1.4 V (relative to SCE), the solution reached a concen- 
tration of 1.0x 10° M methanol (or 3 x 107° mol). Considering 
that six electrons are required for the reduction of 1 mol of 
carbon dioxide to methanol, this corresponds to a current yield 
of 60%. 

Using a commercial silicon solar cell (2x1 cm’ area) as an 
electrode, connecting its p-junction through an external lead to 


0028-0836/78/0275—O1 1650100 


Nature Vol. 275 14 September 1978 


the p-GaP crystal, immersing both electrodes in 0.1 M Li,CO,, 
and illuminating the n-junction of the silicon as well as the 
p-GaP, no external electrical bias was required, as the two 
photoelectrodes produced a sufficient potential to drive the 
reaction. After 38 h of irradiation in the presence of carbon 
dioxide, the initial current of 0.05 mA had gradually decreased 
to 0.01 mA. During this period, the concentrations of formal- 
dehyde and methanol reached 2 x 107° and 3 x 1074 M, respec- 
tively. 

Photoassisted reduction of aqueous carbon dioxide was also 
achieved using a p-type gallium arsenide single crystal electrode. 
However, in this case the cathodic bias required was such that no 
net gain in energy conversion was obtained. 

The mechanism of cathodic reduction of carbon dioxide 
presumably involves stepwise electron transfer reactions. The 
first stable product, formic acid, must be due to a two-electron 
transfer. Possibly, the mechanism is similar to that proposed for 
the reduction of carbon dioxide on mercury cathodes'®, 


HY 


H+ 


“HCO, + e > HCO, æ HCO,H 


In contrast to the electrochemical reduction of carbon dioxide 
on metal cathodes, which stops essentially at this stage because 
of the high overpotential for formic acid reduction, in the case of 
the photoelectrochemical reaction on p-type semiconductors, 
the further reduction of formic acid occurs readily, producing 
formaldehyde and methanol. 

Further development of the application of semiconducting 
solids to the photoelectrochemical reduction of carbon dioxide 
may provide a new approach to the production of organic raw 
materials and fuel. 

I thank Professor B. Pratt for the crystals of p-GaP and 
p-GaAs, Dr G. Hodes for the n-TiO;, Dr J. Mandelkorn for the 
Si solar cells, and Professor F. Cardon, W. P. Gomes and J. 
Manassen and Dr D Cahen for discussions. 
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Characterisation of 
organic acids trapped in coals 


THE characterisation of trapped organic compounds which 
occur in geological materials such as coal and oil shale can 
provide an insight into both the origin of the organic matter and 
its subsequent modification through chemical reactions. Much 
work has been done on the isolation and identification of polar 
and nonpolar compounds in carbonaceous materials'”’; 
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however, aromatic acids in coals have received very little atten- 
tion. Here we detail the characterisation and distribution of 
aromatic acids extracted from lignite and bituminous coals. 

Freshly ground raw lignite from Sheridan, Wyoming was first 
treated with 5% aqueous HCI at room temperature to free the 
acids from the minerals’, and then extracted with 2.5% aqueous 
sodium hydroxide at 35 °C for 16 h. After work up by the usual 
method’, soluble organic acids equal to 2 6% by weight of the 
lignite were obtained. In the same conditions, only 0.23% of 
acidic compounds were recovered from an IIhnois no. 2 bitu- 
minous coal. No organic acids were isolated from a Pennsylvania 
anthracite coal. The elemental onan and a of 
these coals have been given elsewhere”? 

A fraction of the organic acids isolated from the lignite was 
derivatised with diazomethane for analysis. Another fraction 
was derivatised with dę-dimethylsulphate? to yield tri- 
deuteromethyl-labelled derivatives. The derivatives were 
analysed by gas chromatography—mass spectrometry (GCMS), 
solid probe MS and high resolution MS using techniques which 
have been described previously”’°. A gas chromatogram of the 
mixture derivatised with diazomethane is shown in Fig. 1 with 
numbered peaks identified in Table 1. The distribution of the 
organic acids as methyl esters was determined by measuring 
areas of GC peaks with a correction for the effective carbon 
number for each compound (Table 2). 

Note that, as shown in Table 2, the alkaline extractable acids 
are qualitatively similar to those obtained from selective oxida- 
tion of the macromolecular material of the same lignite coal with 
aq-Na,Cr,0,, (refs 7, 8), H,0,-CH,;COOH (refs a, 8, 11) or 
15%-HNO, (ref. 8). 

Of particular interest 1s the identification of large amounts of 
benzene di- and tri-carboxylic acids and their derivatives which 
have not been found in the mild alkaline extracts of shale'*’?, 
lignin’*”’’, peat’ or humic acid’*"’”"*, No Ce-C, carboxylic 
acids (benzene ring with C, side chain)! were isolated from 
coals, whereas these acids are commonly found in the extracts of 
the above. Note also that the phenolic acids identified have only 
one hydroxy group but no methoxy group. This was determined 
from GCMS and HRMS of the sample derivatised with d,- 
dimethylsulphate. This contrasts with the presence of di-, poly- 
hydroxy, or methoxy benzene derivatives in the alkaline extracts 
or degradation products of the geological materials described 
above. The alkaline extract of bituminous coal was found to 
consist mainly of benzene di, tri- and tetra-carboxylic acids 
(31.7% of the extract) and their methyl derivatives 39.9%), and 
naphthalene mono- and di-carboxylic acids (9.8%). Phenolic 
acids (2.2%), methylfuran di-carboxylic acid (2.9%) and 
aliphatic dibasic acids (4.5%) were also identified in small 
amounts. The remaining 9% has not yet been identified No 
C.-C, carboxylic acids or benzoic acid were detected. Benzene 
and naphthalene carboxylic acids have been identified as major 
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Table 1 Organic acids from lignite coal identified as their methyl esters 
by GC-MS and high resolution MS 





Peak no. Compound 
1 Succinic acid 
2 Glutaric acid 
3 Methylfuranmon cacil 
4 Mixture of 3-methyl, 2,3-dimetay! and 3,3'-6,6'-tetramethyl 

dibasic acids 

5 Benzoie acid 
6 Methylbenzoic acid 
7 Dimethylbenzoic acid 
8 Methoxybenzoic acid (m- or p~ 
9 , o-Methoxybenzoic acid 

10 Methoxymethylbenzoic acid 

11 o-Methoxymethylbenzoic acid 

12 1,2-Benzenedicarboxylic acid 

a3 1,4-Benzenedicarboxylic acid 

14 1,3-Benzenedicarboxylic acid 

15 Dimethoxydimethylbenzofuran (T) 

16 Dimethylfurandicarboxylic acic 

17 o-methylbenzenedicarboxylic acid 

18 Methylbenzenedicarboxylic adi 

19 Dimethylbenzenedicarboxylic ecid 

20 o-Methoxybenzenedicarboxylic acid 

21 Methoxybenzenedicarboxylic acid 

22 Methoxymethylbenzenedicarbexylic aad 

23 1,2,4-Benzenetnearboxylic acid 

24 1,2,3-Benzenetricarboxylic acid 

25 1,3,5-Benzenetricarboxylic acid 

26 Methylbenzenetncarboxylic acid 

27 Methoxyphenyldihydrobenzofaran (T) 

28 Mixture of compounds cluding methoxyphenyldi- 

hydrobenzofuran (T) 

29 Dumethylbenzenetricarboxylic acid 

30 o-Methoxybenzenetncarboryl c acid 

31 Methoxybenzenetricarboxylic acid 

32 Homologue of dehydroabietic acid (see text, T) 

33 Methoxybenzyldihydrobenzofuran (T) 

34 Methoxymethylphenykdihydrooenzofuran (T) 

35 Dehydroabietic acid 

36 Methoxymethyldibenzofuranmonocarboxylic acid (T) 





T means that identification 1s tentative 


products from the selective aq-Na,C-,0, oxidation of the same 
coal’*?'. These facts may elucidate -he reactions which occur- 
red during the transformation of organic matenal from bio- 
polymers (lignin, humic acid and so on) to geopolymers (coals). 
It is generally agreed''*"'” that the essential reactions, includ- 
ing degradation of side chains, dehydrogenation, hydroxylation, 
demethylation, demethoxylation, ceavage of ring structures 
and polymerisation, occur during these transformations. Welte 
has suggested? that at the stage of coal formation (early 


124 Temp (°C) 
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Fig. 1 Gus chromatogram of the methyl esters of the carboxylic acid fraction from lignite coal. The analysis was cerried out on a Perkin-Elmer 

3920B gas chromatograph interfaced to a modified Bendix model 12 time-of-flight mass spectrometer with a continually variable split between a 

flame ionisation detector and the source ot the mass spectrometer The separation was made on a 15.2 mX0.51 mm SCOT column coated with 
OV-17 and temperature programmed over 100-250°C at 4 °C min™? 
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Table 2 Organic acids identified in the alkaline extract and oxidation 
products of lignite coal 
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Acid groups Alkaline Oxidation product (%) 
extract aq-Na,Cr,07*, H:O,- 15%HNO3} 
(Yo ) CH3;COOH? 

Benzenecarboxylic 

acid 16.6 59.2 36.1 63.3 
Methylbenzene 

carboxylic acid 16.0 4.3 7.6 13.9 
Phenolic acid$ 40.4 7.4 22.1 1.5 
Furancarboxylic 

acid 0.8 -l 15.9 RP; 
Aliphatic 

dibasic acid 10.8 me 18.2 12.9 
Terpenoid acid 6.6 — = = 
Others 43) 26.68 | — 3.2 
Unidentified 4.5 2.5 oo 2.0 





* 100% of coal was oxidised. 92% of total oxidation product is shown. 
The remaining 8% is humic acid-like material and nonacidic 
compounds. 

t RO% of coal was oxidised. 50% of product is shown. The remaining 
50% is humic acid-like material. 

+t 74% of coal was oxidised. 48% of product is shown. The remaining 
(52%) is humic acid-like material and nonacidic compounds. 

§ Aromatic rings containing phenolic OH of lignite coal would have 
been destroyed by these oxidants except H,O,-CH;COOH. The 
phenolic acid identified in these two oxidation products may be derived 
from aromatic rings containing methoxy group. 

| See peak nos 15, 27, 33 and 34 in Table 1. 

€ Carboxylic acids of naphthalene, phthalan, chroman, dibenzo-p- 
dioxin, xanthone, dibenzofuran and pyridine were identified (see refs 7 
and 8), 

** Several acids were identified but not estimated. 

—-, not found. 


katagenesis), functional groups are lost and CO, and water are 
produced in coals, and hydrocarbons are formed simul- 
taneously. The benzene mono-carboxylic acid and its deriva- 
tives identified in the extracts are thought to be largely degrada- 
tion residues from biopolymers at early stages of coalification, 
whereas the benzene di- and poly-carboxylic acids and their 
derivatives and naphthalene-carboxylic acids are produced in 
later stages by oxidative degradation. Perhaps, in the geological 
environment, oxidative cleavage of C-C bonds proceeded along 
the periphery of the coal macromolecules with rupture of bridg- 
ing linkages between aromatic units, The presence of aliphatic 
dibasic acids in the extracts suggests that they are derived, in 
part, from these linkages. Indeed, oxidation of lignite and 
bituminous coals with various oxidants”??? gave benzene di- 
and poly-carboxylic acids as the most abundant products; 
however, little or no benzene mono-carboxylic acid was found in 
the products. 

An alkaline extract of shale was found to yield alkylbenzoic 
acids and phenylalkanoic acids which resemble their cyclic 
terpenoid precursors'***. On the other hand, no ethyl or longer- 
chain alkylaromatic acids, or phenylalkanoic acids were found in 
the present work which apparently indicates that coal has 
undergone more rigorous geological changes than shale. There- 
fore, the aromatic acids may have undergone dealkylation leav- 
ing more stable derivatives. 

We have found two diterpenoid acids in the lignite extract, 
dehydroabietic acid and its homologue, that are apparently 
derived from the diterpenoid resin acid, abietic acid, which ts 
commonly present in the resins of conifers’. They were 
identified as their methyl esters?" (GC peaks 35 and 32 






respectively, Fig. 1). R 
j “COOH 
COOH Peak no. 32 R=methy! 
Abietic acid 35 R-=isopropyl 
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These two terpenoid acids are the probable precursors for 
related diterpenoid hydrocarbons which we have characterised 
in the benzene—methanol extract of this lignite’. 

Note the presence of several furan, benzofuran and diben- 
zofuran acids extracted from the lignite with 2.5% aq-NaOH. 
These compounds may have been derived from lignans” such as 
furoguaiacin and pinoresinol which are commonly found in 
heartwood, or as suggested by Flaig'*, they might be degrada- 
tion products from dibenzofuran derivatives which were formed 
from condensation reactions of phenolic compounds during the 
coalification. 

In the transformation from lignite coal to bituminous and 
anthracite coals, the present work and our previous work on the 
trapped hydrocarbons in coals’ indicate that the following reac- 
tions probably occurred. (1) Extensive degradation of phenols; 
very few phenolic acids (2.2% ) were found in the alkaline 
extract of bituminous coal, whereas the alkaline extract of lignite 
coal yielded 40.4% phenolic acids. (2) Loss of carboxyl group; 
the bituminous coal extract contained much less acids. No acids 
were found in the extract of anthracite coal. (3) Dehy- 
drogenation and partial dealkylation of side chains; demon- 
strated by the increase in abundance of methyl aromatic hydro- 
carbons and a decrease in the amount of terpenoid type hydro- 
carbons in the organic solvent extract of bituminous coal as 
compared to lignite’. 

Thus, the macromolecules in bituminous coal contain a 
greater proportion of aromatic structure and greater degree of 
crosslinking than is found in lignite. Benzene tetra-carboxylic 
acids and naphthalene-carboxylic acids were found in the 
extract of bituminous coal. 

The organic acids extracted probably are both oxidative 
degradation products and residuals of the original coalification 
process. These acids, in particular the aromatic acids, were 
found to be characteristic of coals and different from those acids 
derived from biopolymers. 

We thank Professor R. C. Duty for helpful discussions. We 
acknowledge support from the Division of Basic Energy 
Sciences of the Department of Energy. 


RYOICHI HAYATSU 
RANDALL E. WINANS 
ROBERT G. SCOTT 
LEON P. MOORE 
MARTIN H. STUDIER 


Chemistry Division, 
Argonne National Laberatory, 
Argonne, Illinois 60439 


Received 30 June; accepted 23 July 1978. 


. Eglinton, G. & Murphy, M. T. J. (eds) Organic Geochemistry (Springer, New York. 1969). 

. Pillinger, C. T. & Eglinton, G. Q. Rev. 28, 571-628 (1971). 

. Albrecht, P. & Ourisson, G. Angew Chem. 10, 209~225 (1971). 

Brooks, J.D. & Smith, J. W. Geochim. cosmochim. Acta 33, 1183-1194 (1969). 

. White, C. M., Shultz, J. L. & Sharkey, A. G., Jr Nature 268, 620-622 (1977). 

. Allan, J. & Douglas, A. G. Geochim. cosmochim. Acta 414, 1223-1230 (1977}, 

. Hayatsu, R., Winans, R. E.. Scott, R. G., Moore, L. P, & Studier, M. H. Fuel (in the press). 

- Hayatsu, R., Winans, R. E.. Scott, R. G., Moore, L. P. & Studier, M. H. Symp. Orgamic 

Chemistry of Coal, (Am. chem. Soc. Symp. Ser. 71, 108-117 (1978). 
. Fieser, L. F., & Fieser, M, Reagents for Organic Synthesis, 1, 293-295 (1957), 4, 188-189 
(1974) (Wiley, New York). 

10. Hayatsu, R., Matsuoka, S.. Scott, R. G., Studier, M. H. & Anders, E. Geochim. cosmockim. 
Acta 41, 1325-1339 (1977). 

11. Schnitzer, M. & Skinner, L M. Can. J. Chem, 82, 1072~1080 (1974). 

12. Haug, P.. Schnoes, H. K. & Burlingame, A. L. Geochim. casmochim. Acta 32, 358-361 
(1968). 

13. Haug, P. thesis, Univ. California (1967). 

14. Geochim. cosmochim. Acta 28, 1505-1623 (1964). 

15. Flaig, W. in Coal and Coal-Bearing Strata (eds Murchison, D. & Westoll, T. 8.) ch. 10 
(Oliver & Boyd, Edinburgh, 1968}, 

16. Teichmüller, M. & Teichmüller, R, in Coal and Coal- Bearing Sirata (eds Murchison, D. & 
Westoll, T. Sch. 11 (Oliver & Boyd, Edinburgh, 1968). 

17. Grimshaw, J. in Rodd's Chemistry of Carbon Compounds (ed Coffey, S.} 3, D203-278 
(Elsevier, New York, 1976}. 

18. Morita, H. Geochim. cosmochim. Acta 37, 1587-1591 (1973). 

19. Schnitzer, M. & Neyroud, J. A. Fuel $4, 17-19 (1975). 

20. Swain, F. M. Non-marine Organic Geochemistry (Cambridge University Press, 1970). 

21. Hayatsu, R., Scott, R. G., Moore, L. P. & Studier, M. H. Nature 287, 378-380 (1975). 

22. Welte, D. in Advances in Organic Geochemistry 1973 (eds Tissot, G. & Bienner, F.) 3-13 
(Editions Technip, Paris, 1974). 

23. Allan, J. thesis, Univ. Newcastle upon Tyne (1975). 

24. Genge, C. A. Anatyt. Chem, 31, 1750-1753 (1959). 

25. Simoneit, R. T. Geochim. cosmochim. Acta 41, 463-476 (1977), 


CoD me Wh e 


. 


Nature Vol. 275 14 September 1978 


—— 


Synthesis and structure 
of synthetic zeolite ZSM-11 


ZSM-5 (refs 1, 2) is a member of a new class of shape selective 
catalysts which have unique channel structures with 10- 
membered ring openings. These catalysts have unusual pro- 
perties. They can selectively convert methanol to high quality 
gasoline’” and are used in commercially significant processes, 
such as distillate dewaxing, ethylbenzene synthesis, xylene 
isomerisation and toluene disproportionation””’ The frame- 
work of ZSM-5 (ref. 2) contains a novel configuration of linked 
tetrahedra consisting of eight five-membered rings. These 
configurational units may be linked through edges to form 
chains and the chains to form a three-dimensional framework 
which describes an intersecting channel system with openings 


Fig. 1 


Scanning-electron micrograph of a ZSM-11 crystal. Scale 
bar, | um. 
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Fig. 2 Skeletal diagram of the A and B faces of the ZSM-11 unit 

cell. The c-axis is vertical. Oxygen atoms are not shown. The 

nearly circular 10-membered ring apertures shown are the 

entrances to straight channels which run parallel with the unit cell 
a and b axes 


intermediate between those in zeolite Linde type A and fau- 
jasite. We report here the synthesis and structure ot another 
member of this family, ZSM-11. 

ZSM-11 was hydrothermally synthesised ın a system Consis- 
ting of a quaternary compound, sodium oxide, an oxide of 
aluminum and oxide of silicon and water’. The single crystals of 
ZSM-11 have the characteristic morphology seen in Fig. 1. In 
the synthesised form, ZSM-11 has a typical empirical 
composition [xR4X+(1—x)M2/,O]: W203: > 10YO, ZH,O, 
where M is an alkali metal cation, W is aluminum or gallium, Y 
is silicon or germanium, RX is a cation of a quaternary 
compound of an element of group 5A, and 0< x =! lypical 
quaternary compounds used in the synthesis are tetrabuty! 
phosphonium chloride, benzyltripheny!l phosphonium chloride 
and tetrabutyl ammonium iodide. 

The unit cell contents of the sodium form are Na, Al,- 
Sigs-n O19277 ~ 16H20, where n is <16 The resulting framework 
density is 17.6Si+ Al kA~*, compared with 17.9 for ZSM-5 

ZSM-11 crystallises in the tetragonal system with lattice 
constants a = b = 20.12 and c = 12.44 A which corresponds to 
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Table 1 Positional parameters for ZSM-11 framework 





Atom Position x y z 
T1 8g 0 0774 0 0774 00 
T2 16) 0.1263 0.1930 0 1263 
T3 16; 0.0784 0.2245 0 3477 
T4 16; 0.2833 0 1969 0 1321 
TS 16; 0.3118 0.0742 0 0089 
T6 8g 0.1796 0.1796 0.5000 
T7 16; 0.0770 0.3811 0 3610 
Ol 81 0.0924 0.0 0.0208 
02 16) 0.0989 0.1207 0.0954 
903 16j 0.1115 0 2063 0.2422 
O4 16; 0.2051 0.1965 0.1065 
OS 16} 0.3157 0.1273 0 0981 
O6 8i 0.3068 00 0.0533 
O7 8h 0.2933 0 2067 0 2500 
O$ 16j 0.1126 0.1810 0.4342 
O9 16; 0.2431 0 1814 0.4271 
O10 16] 0.0895 0.3023 0.3707 
0O11 8i 0.0 0.2087 0.3441 
O12 8: 0.0 0 3970 0.3836 
013 16j 0.0892 0.2480 0 0596 
O14 16; 0.1230 0.4198 0 4400 
O15 8h 00951 0.4049 0.2500 


average values derived from a least-squares refinement of X- 
ray powder diffraction data. The systematic extinctions h+k+ 
l=2n +1 for Akl reflections and the merging of doublets into 
singlets provided two major clues that ZSM-11 was a species 
distinct from ZSM-5 and a body-centred tetragonal variation 
of orthorhombic ZSM-5 with space group D%,—I4m2. 
Accordingly, a framework model was assembled using the 
chains in ZSM-5 (ref. 2), which satisfied these symmetry 
requirements. This was accomplished by connecting the chains 
together as mirror images of one another in both x and y 
directions (Fig. 2). In contrast, in ZSM-5 only one set of chains, 
in the be plane, are mirror images of one another. The atomic 
positions of the silicon and oxygen atoms in this model were 
refined by least-squares techniques using the computer pro- 
gram DLS.” This refinement adjusted the raw positional coor- 
dinates until the Si-O, O-O, and Si-Si interatomic distances fit 
the prescribed distances 1.61, 2.63 and 3.20 A, respectively. 
The final positional parameters for this idealised model are 
given in Table 1. Comparison of the simulated powder pattern 
of the framework model with the X-ray powder diffraction 
pattern of the hydrogen form of ZSM-11 (Fig. 3) indicates that 
the framework model is that of ZSM-11. 

In ZSM-5, linkage of chains occurs through 4-, 5-, and 
6-membered nngs, whereas in ZSM-11 this linkage occurs only 
through 4- and 6-membered rings. Nevertheless, the frequent 


Fig. 4 Comparson of the channel 
structure in a, ZSM-5 and b, ZSM- 
11 
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occurrence of 5-membered rings throughout the structure is 
believed to account for the high thermal stability of ZSM-11. 

As in ZSM-5, the ZSM-11 framework contains two inter- 
secting channel systems with 10-membered ring openings, but 
unlike those in ZSM-S5 they are both straight and have the same 
elliptical opening with free diameter intermediate to those in 
Linde type A and faujasite (Fig. 4). 
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A preferred orientation of 
intrusion of Precambrian dykes 


AN analysis of the onginal orientation of Precambnan dykes has 
produced a nonrandom pattern that implies the existence of a 
Precambrian stress field of global extent. In general, dyke 
intrusion tends to occur in a north-south orientation, and is 
concentrated in low latitudes. This distribution has many 
similarities to the present distmbution of sheeted diabase 
complexes of present day oceanic ndge crests, and may reflect 
the persistence of the same stress field throughout geological 
time. Other evidence in favour of the exstence of this stress field 
can be found in tectonic motions or geological features that 
exhibit a symmetrical distribution relative to the Earth’s rota- 
tional axis. For example, Moore’ showed that the preferred 
orientation of spreading axes is directed north-south with a 
secondary maximum orientated east-west. Active transform 
faults exhibit a unimodal east-west distribution. A former study 
of recent continental rift valleys has revealed a preferred north— 
south orientation of fracturing. Cainozoic grabens, most of 
which have not been significantly rotated by plate movements 
following their formation, exhibit an especially strong peak 
within 10° of north?. Here we describe our analysis of preferred 
fracture orientations using the trends and directions of Pre- 
cambrian dykes. A central point of this study is the assumption 
that regional dyke patterns record fractures which result from 
regional stress fields operative at the time of dyke intrusion. 
Escher et al.’ have confirmed the above assumption using 
geological evidence from the Amitsog dykes of Greenland. 
On observing that dyke strike and magnetic declination were 
often closely related, Strangway*, proposed that the planar 
shape of dykes affected their acquired remanent magnetisation 
direction. Thus ıt was suggested that dykes do not record the 
true field direction at the time of their intrusion. This theory can 
no longer be sustained for two reasons. First, positive contact 
tests show that the magnetisation of country rocks baked by the 
dyke intrusion retain the same remanence direction as the dyke. 
Second, palaeomagnetic poles derived from dyke rocks agree 
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7 10% 15% 20% 

Fig. 1 Rose diagrams to show: a, the present distribution of the 

strike of Precambrian dykes; and b, the distribution of dyke strikes 
after correction to their original orientation. 


well with poles derived from adjacent contemporaneous lava 
flows and sills. _ 

If Strangw: *s initial observation were still valid, then an 
alternative explanation is required for the direct relationship 
between original dyke strike and its remanence direction. The 
obvious inference is that dykes are preferentially intruded in a 
north-south o) rientation and their apparent present-day random 
distribution is a result of complex plate rotations subsequent to 
each phase of dyke intrusion. Using the palaeomagnetic 
remanence declination (D) and the present day dyke strike ($p), 
the original dyke orientation (So) should simply be Sy = D — Sp. 
World Precambrian dykes, from Archean to Hadrynian, which 
have been studied palaeomagnetically* were combined on two 
rose diagrams. The data for the diagrams include dykes from 
both the Northern and Southern Hemispheres. As strikes are 
bimodal, all points are plotted in the range 270-090°. Each spot 
represents a swarm of dyke intrusions (such as, the Abitibi 
swarm, and the Sudbury dykes). Where a dyke swarm is 
composed of a conjugate set this is represented by two points. 
Where more than one study has been reported from a particular 
dyke suite, this is plotted as only one point. 

Figure 1a shows the dykes in their present orientation (Sp), 
and Fig. 1b shows the distribution of the corrected dyke orien- 
tations (So). A simple comparison shows that a random dis- 
tribution of strikes in Fig. 1a is brought into a clear north-south 
orientation in Fig. 1b. 

Evans’ has noted that with increasingly higher latitudes there 
is an increasing statistical chance of a concidence between 
original dyke strike (Sy) and remanence declination (D). Thus a 
random sample of dykes from subsequently higher latitudes 
should show a progressively increased preference for a north- 
south orientation. Could this explain our observed distribution? 
It is highly unlikely. Applying the simple relationship between 
magnetic inclination and palaeolatitude shows that 85% of the 
dykes analysed in this study have palaeolatitudes below 50°, and 
40% are within 20° of the Equator. 













Fig. 2 Frequency distribution of the acute angle (8) between the 

dyke plane and the magnetic remanence vector. The theoretical 

curve after Evans is for a set of vertically intruded dykes with 

random strike. The over-abundance of low 8 observations suggests 

the preferred north-south orientation is of geological significance. 
©. Theoretical; A, observed. 
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The observed frequency distribution (Fig. 2) of the acute —. 
angle (8 ) (ref. 6) bears no similarity te the predicted distribution = 
given by Evans’ for random orientation of dyke intrusion. ÀS 


shown in Fig. 2 the expected frequency of 8 < 10° ona random _ x 
dyke orientation model is approximately half the observed 


distribution. Hence it would seem that the preferred north- 
south mode of intrusion genuinely reflects a feature of the 
Precambrian global stress field. The cause of this north-south 
preference of dyke intrusion remains-obscure; however, we note 
that the distribution is very similar to that now observed with 
sheeted diabase complexes of the ocean ridges. 

Finally, as shown in Fig. 1, much of the present apparent 
random dyke orientation seems due 10 post-intrusional rotation 
of continental blocks. Then, where dvkes from adjacent cratonic 
blocks can be shown to be recording contemporaneous 
remanences, it would be simple to determine the amount of 
relative rotation between the blocks since remanence acquisi- 
tion (dyke intrusion). Applying this method to several dyke pairs 
offers the possibility of defining the sense of motions of major 
fault systems through geological time. 
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Oxygen isotope palaeotemperatures 
from the Tertiary 
period in the North Sea area 


THE understanding of global temperature conditions during the 
Tertiary period has greatly increased in the past decade owing to 
the successful oxygen isotope investigations of the numerous 
deep sea cores now available. Little attention has been paid, 
however, to applying the method to material from shelf sea 
areas, where the temperature-induced '*O-record in carbonate 
shells are generally believed to be superimposed by ‘“O-varia- 
tions in water composition and by postdepositional alterations. 
This is unfortunate, as oxygen isotope data from coastal areas 
provide the best way of comparing traditional palaeoclimatolo- 
gical methods with the oxygen isotope procedure. The present 


study, which deals with the oxygen isotope composition of shell — $ 


material from the Tertiary North Sea area, was initiated to 
overcome this lack of data. Here the oxygen isotope results are 
interpreted as palaeotemperatures and the first isotopic palaeo- 
temperature curve for the Tertiary period in NW Europe is 
given, 

The only reliable method of absolute palaeotemperature 
determinations is based on the temperature dependence of 
oxygen isotope exchange processes between water and shell 
carbonate’. Most oxygen isotope palaeotemperature studies 
published recently have used foraminifera collected from the 
deep sea cores’. Using foraminifera for palaeotemperature 
studies is difficult, however, in shelf sea areas. First the number 
of planktonic foraminifera is greatly reduced owing to the more 
restricted character of such seas*. Moreover, exchange pro- 
cesses affecting the original isotopic composition of the thin- 
walled foraminiferal tests are far more probable in diagenetic 
environments open to meteoric waiter than in deep sea samples. 
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The present study has been restricted to shell carbonate from 
molluscs. They are abundant as fossils in the area, and their size 
and often primary aragonitic mineralogy allow post-deposi- 
tional alterations to be easily identified’. Moreover, they are 
known to secrete shell carbonate in isotopic equilibrium with the 
surrounding water’. 

Oxygen isotope data have been obtained from samples of 
individual shells or combined shell assemblages collected in 
Tertiary strata in southern England, Holland, Germany, Den- 
mark and southern Sweden. The material was dated by 
reference to the stratigraphic scheme summarised by Berggren’. 

The isotopic results presented in Fig. 1 disclose a well defined 
pattern of variations in the '*O-composition of shell carbonate 
during the Tertiary period. This pattern, however, may reflect 
variations in Oxygen isotope composition of the Tertiary North 
Sea water as well as in temperatures’. According to Shackleton 
and Kennett’, the accumulation of glacial ice on Antarctica has 
changed the average **“O-composition of ocean water by as 
much as 1% since middle Miocene time. Moreover, local devia- 
tions in oxygen isotope composition of seawater due to 
evaporation and fresh water mixing processes have to be taken 
into account. These processes vary in parallel to salinity”’° and, 
consequently, palaeotemperature calculations have to be pre- 
ceded by estimates of the salinity of the water in which the 
organisms grew their shells. This imposes a very severe limita- 
tion on the oxygen isotope palaeotemperature method, as no 
reliable procedure of palaeosalinity determination has yet been 
developed. 

The present study has been restricted to material from faunal 
assemblages, the composition of which indicates normal marine 
environments at a certain distance from the coast. Minor fluctu- 
ations in salinity, however, are not detectable in this way. The 
average salinity in the Tertiary North Sea is assumed here to 
have varied within limites of 33-37%, corresponding to varia- 
tions in oxygen isotope composition of ~ 1% (ref. 10). The 
corresponding maximal error in isotopic temperatures is ~ 4 °C. 
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The palaeotemperature curve shown on Fig. 2 reflects these 
limitations. It is important to emphasise the fact that most of the 
'SQ-data have been obtained from benthonic Organisms and 
therefore reflect bottom temperatures rather than surface 
conditions. However, when compared to modern conditions the 
investigated assemblages in most cases represent soft-bottom 
communities of moderate depth (30-150 m) (ref. 11), At sucha 
depth no weil defined thermocline is thought to have developed 
and hence—as seen in the present day North Sea—bottom 
temperatures are supposed to be good approximations to mean 
annual surface temperatures. 

The isotopic palaeotemperature curve (Fig. 2) illustrates 
water temperatures in the southern part of the Tertiary North 
Sea. Temperature minima are seen in Palaeocene time (NP 4-6), 
middle Oligocene time (NP 22-23) and late Miocene time (NN 
10), while warmer conditions prevailed in Pliocene, early and 
middle Miocene and specifically in Eocene time. Minor fluctua- 
tions on the curve probably reflect variations in the isotopic 
composition of the North Sea water. 

Several studies dealing with the changing character of fossil 
floral and faunal communities have revealed that long-term 
climatic fluctuations occurred in NW Europe during the Tertiary 
period'*"'*. According to these studies subtropical climates in 
Palaeocene time and warm subtropical to tropical conditions in 
Eocene time were followed by a gradual decline in tempera- 
tures, leading to cold temperate conditions at the end of the 
Pliocene period. Compared to these data, the temperature 
variations seen in Fig. 2 indicate a more drastic pattern than 
hitherto described. 

The present curve shows discrepancies between palaeotem- 
perature and palaeoclimatological data specifically in Oligocene 
time. Water temperatures are seen to have declined rapidly in 
the North Sea about 36-38 Myr ago. This decline may reflect the 
onset of cold-water circulation in the Norwegian—Greenlandic 
Sea initiated by the opening of the strait between Greenland and 
Svalbard at anomaly 13 time (37-38 Myr ago)’. However, 
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Fig.1 The oxygen isotope composition of calcium carbonate from molluscan shells collected in Tertiary outcrops and borings in NW Europe. 

The horizontal bars illustrate the uncertainty in dating the analysed material. Oxygen isotope determinations have been carried out by the usual 

analytical procedures, material has been roasted in vacuo and treated with 100% phosphoric acid at 25 °C. Analytical precision better than 
f +0.1%. 
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Fig. 2. Isotopic temperatures calculated from average oxygen isotope values for each locality investigated. Shaded area represents limits of 
“uncertainty due to local variations in the oxygen isotope composition of the Tertiary North Sea water. True Tertiary water temperatures are 

believed to be within the shaded area. The difference between the non-glacial and the present temperature scales is caused by the shift in average 

oxygen isotope composition of ocean water, owing to the accumulation of glacial ice on Antarctica. According to Shackleton and Kennett” the 
ae a Antarctic icecap reached present day magnitude early in the middle Miocene. 


convincing evidence from other parts of the world indicates a 
drastic global cooling event at the beginning of the Oligocene 
period, probably triggered by the development of the cryo- 
sphere '®”'*. If the unresolved problem of the stratigraphic posi- 
tion of the Latdorfian substage (Upper Eocene or Lower Oligo- 
cene) in NW Europe were taken into account, the isotopic shift 
observed between shell material from Latdorfian and Rupelian 
deposits may prove to be contemporaneous with the global 
cooling event. Thus, the low water temperatures in the Oligo- 
cene North Sea may be interpreted as being in phase with global 
climatic changes. 

Further investigations should concentrate on the comparison 
between palaeoclimatological data obtained by traditional 
methods and the oxygen isotope curve, specifically for the 
Oligocene period where the extensive climatic modifications are 
expected to have influenced faunal and floral compositions 
much more than previously acknowledged. Moreover, the pre- 
cise identification in NW Europe of the Oligocene global cooling 
event could prove to be a valuable chronostratigraphic tool in 
the solution of the Latdorfian Problem. 

Oxygen isotope measurements were performed at the Geo- 
physical Isotope Laboratory, University of Copenhagen. Part of 
the study was supported by the Danish Research Council. 
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Test size variation in Globigerina 
bulloides in response to 
Quaternary palaeoceanographic changes 


SEVERAL different methods have been used to delineate Qua- 
ternary palaeoclimatic trends in deep-sea sediments using 
phenotypic variation in planktonic foraminifera including 
changes in coiling direction’, pore concentration’, and test 
surface ultrastructure’. Several workers have observed that test 
sizes in planktonic foraminifera may differ between different 
water masses*'” but little attempt has been made to use size 
variations as palaeoclimatic indices within the Quaternary. The 
exception is based on size variations in the spherical test of 
Orbulina universa in late Quaternary deep-sea cores from the 
southern Indian Ocean''. Oscillations in mean diameter of this 
species closely match late Quaternary palaeoclimatic changes: 
larger mean diameters occurring during warm episodes. We 
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Fig.1 Variation in mean sizes of G. bulloides in relation to three 
palaeoclimatic indices in cores Eltanin 49-19(a) and 48-22{b) 
from the southern Indian Ocean. The curves are plotted as three- 
point moving averages. ‘Warm’ is to the right and ‘cool’ to the left. 
Oxygen isotopes and other data for E48-22 are from Williams’. 
Chronology plotted on right is based on extrapolation of ages 
(assuming constant sedimentation rates) from Termination H 
(128,000 years ago'*) which is at 235 cm in E49-19 and 236 cm in 
E48-22. @, Palaeoclimatic principal component; A, % Sinistral N. 


Pachyderma ; W, oxygen isotope ratios (6 '°O) 


report here that changes in mean sizes of Globigerina bulloides 
can also be used as a palaeoclimatic index in the late Quaternary. 

We have examined mean size oscillations of G. bulloides in 
three late Quaternary cores from sub-Antarctic waters of the 
southern Indian Ocean’? (Table 1). The results from two of the 
cores are presented here. The third core examined (E45-74) 
shows conspicuous evidence of calcium carbonate dissolution, 
and the data revealed no meaningful relationships between size 
parameters and climatic history. Previously? we have shown that 
in surface sediments of the southern Indian Ocean, G. bulloides 
increases in mean size with decreasing surface-water tempera- 
ture, and we wished to test if this trend could be usefully applied 
to down-core palaeoclimatic studies. The mean size oscillations 
were compared in both cores with palaeoclimatic curves 
established from principal component analyses of abundance 
data of planktonic foraminifera’? and frequency changes in 
coiling proportions of Neogloboquadrina pachyderma, and in 
E48-22 also with a curve based on ‘°O/'°O ratios. 

In core E49-19 from the central sub-Antarctic, the mean size 
oscillations of G. bulloides are very similar in period and ampli- 
tude to the palaeoclimatic curves (Fig. 1) indicating a strong 
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Water Core Age of 
Latitude Longitude depth length sequence 
Core {S) (E) (m) (cm) (kyr) 
E48-22 39°53.7' 85°24.6' 3,380 680 370 
E49-39 43°53 .2' 90°06.0' 3,036 550 300 
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palaeoclimatic control of the mean size variation. A cross- 
correlation coefficient of 0.63 (P<0.1%) indicates that the 
curves are Statistically significantly correlated. Mean sizes are 
larger during cool episodes and smaller during warm episodes; 
this pattern therefore agrees with the distribution in surface 
sediments”. Thus, latitudinal shifts in water masses during the 
late Quaternary created latitudinal displacements of isopleths of 
mean sizes of G. bulloides. 

In core E48-22 from the Subtropical Convergence, there are 
also strong correlations among the mean size curve of G. 
bulloides and the palaeoclimatic indices (Fig. 1). However, in 
contrast to E49-19, the mean size curve is not exactly in phase 
with, but is slightly off-set from the other curves. Cross-cor- 
relation analyses indicate that it is off-set from the variations in 
coiling ratios of N. pachyderma and oxygen isotopic ratios by 
10cm (to ~5,500 yr) and from the palaeoclimatic principal 
component by 40 cm (to ~22,000 yr), These differences do not, 
however, impair the almost perfect correlation between mean 
sizes and climatic history. 

Palaeotemperatures have been estimated for E49-19 and 
E48-22 using the following palaeotemperature equation 
established from the mean size variation in G. bulloides in 
surface sediments’: 


Temperature (annual-average surface-water in °C) = 
~0.1184 (mean width of G. bulloides in pm)+ 45.06. 


The calculations show that surface-water temperatures ranged 
between about 3°C + 1°C and 10°C +1°C at the site of E49-19 
(central subantarctic) and between about 9°C + 1°C and 16°C + 
1°C at the site of E48-22 (Subtropical Convergence). Our 
estimates for E48-22 agree closely with the temperature range 
of 6°C to 15°C calculated previously for this core using different 
parameters '*. 

We have therefore shown that mean size of G. bulloides in the 
late Quaternary of the subantarctic is strongly related to 
palaeoclimatic trends, and hence this parameter represents a 
potentially valuable new tool for palaeoclimatic analysis in this 
area. 

This research was supported by NSF grant DPP77-06687 
(Division of Polar Programs). 
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Genetic differentiation during speciation 


SPECIATION theory is still largely descriptive. How many 
and what kind of genes are implicated in speciation is a 
central unresolved problem of evolutionary biology'’. Does 
speciation require major genomic changes’ or may minor 
ones suffice’®°? Similarly, does speciation depend on struc- 
tural or on regulatory genes’°? We have investigated these 
questions with reference to the actively speciating fossorial 
mole rats of the Spalax ehrenbergi complex in Israel, which 
comprises four morphologically indistinguishable chromosome 
forms (2n = $2, 54, 58, 60)'' adapted in that order to increas- 
ing aridity’. Narrow hybrid zones between karyotypes”? and 
mate selection" (through olfaction™* vocalisation™ and 
aggression’). suggest that the recently’ formed species 
represent progressive stages of final speciation’. Genic diver- 
sity proved low, and genic similarity between karyotypes very 
high, in the. previous test based on 17 gene loci of tissue 
proteins’, The. test of eight additional loci of blood proteins, 
which is reported here, reinforces earlier conclusions and sheds 
light on the allozyme-environment association and on the 
amount of genetic differentiation during speciation. 

In the previous study, 383 adult mole rats comprising all 
four karyotypes were tested for 17 gene loci. In the study 
reported here blood samples of 499 specimens, collected dur- 
ing 1969-1971 from 21 populations of the four karyotypes, 
were tested for eight gene loci, six in the serum (haptoglobin, 
Hp; transferrin, Tf; albumin, Alb; slow a, globulin (GI); 
esterases, two scorable loci, Est-1 and Est-4) and two in the 
haemolysate (haemoglobin, Hb, and a non-haemoglobin 
erythrocyte, Prot-1). Routine vertical starch gel electrophoresis 
was conducted on the separated blood samples. Details of 
collecting. sites and electrophoretic methods and results are 
available from us. Of the eight loci examined, six (Hp, Gi, Alb, 
Est-1, Hb and Prot-1) were monomorphic and fixed for the 
same allele in all 21 populations tested. Only two loci, Est-4 
and Tf were polymorphic, with three segregating alleles in 
each. Transferrin is the only locus, both of the blood and tissue 
proteins, which displays almost complete alternative fixation: 
2n = 54 is nearly fixed for Tf*, whereas 2n = 52, 58 and 60 are 
either fixed or nearly so for Tf”; the rare allele, Tf, appears 
only in 21 =60. Mean genetic indices for the S. ehrenbergi 
complex and for 27 = 52, 54, 58 and 60, respectively, are: A 
(mean number of alleles per locus)= mean 1.25 (1.16, 1.28, 
1.20, 1.36); P (mean proportion of polymorphic loci per kary- 
otype; criterion for P 1% )= mean 0.20 (0.12, 0.24, 0.16, 0.28), 
and H (mean proportion of loci heterozygous per individual) = 
mean 0.039 (0.035, 0.016, 0.037, 0.069). Genetic identity, J’, 
between the four karyotypes, is remarkably high (mean 0.966, 
range, 0.931-0.988). 

The results support the hypothesis that habitat specialists 
display significantly lower genic variation than habitat general- 
ists’. Mole rats, like most fossorial mammals’, are habitat 
specialists living apparently in a relatively predictable 
environment which presumably selects for homozygosity 
(homoselection), though exceptions exist”. The evidence 
negates genetic drift due to small population effects, inbreeding 
in relatively semi-isolated populations, or the time hypothesis” 
as explanatory models. First, the genetic pattern is charac- 
terised by general uniformity of alleles at 24 out of 25 loci in 21 
populations across the range of the four abundant karyotypes. 
Second, H is apparently not correlated with time. Evolutionary 
divergence time for the S. ehrenbergi complex, deduced from 
electrophoretic data”, is within the last 250,000 + 20,000 yr, in 
accord with the hybrid zone’? and fossil** evidences. Yet 2n = 
60, presumably the last derivative of speciation 75,000 yr ago, 
has the highest H, not the lowest as expected by the time 
divergence hypothesis’’. Heterozygosity seems to correlate 
with spatial environmental heterogeneity. The largest range, 
that of 2n = 60 (see map in ref. 11), is also the most variable 
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spatiotemporally in terms of ecological heterogeneity and ` 
uncertainty, extending in both Mediterranean and arid 4 
environments. a 
Concerning speciation theory, the Spalax ehrenbergi. > 
complex represents a remarkable case of speciation with rela- 
tively few genomic changes. The nature and extent of hybri- 
disation in S. ehrenbergi’* reinforces the hypothesis that the 
chromosome forms are young, closely related species at final 
stages of speciation. A growing body of evidence from newly 
formed unrelated plant and animal species” * suggests that the 
essense of speciation, that is the development of pre- and/or 
postmating reproductive isolation per se may occur with little 
genomic change, either genic or chromosomal. In many cases 
the apparent genetic distance between species is the result of 
post-speciation evolutionary divergence. In the fossorial rodent 
complexes of Thomomys talpoides? and S. ehrenbergi, where all 
stages of evolutionary divergence from. large to zero gene flow 
between diverging populations are k further develop- 
ment of ethological isolating mechanisms based on the few 
chromosomal rearrangements which initiated the reproductive 
isolation have been accomplished withou many allelic changes. 
This pattern is also known in other species”, i icluding some 
parasites whose speciation involves few g s in eit 
structural or regulatory genes, and also 
chromosome rearrangements’. The hype 
rather than structural genes are implici 
to be tested. Until tests of meeen 

























tively little genetic change. 

Species vary in kind in accord avithe-< 
evolutionary adaptations’ and speciation pa 
tive isolation may either follow or precede the genic or 
chromosomal divergence of gene pools”, and so speciation 
may be associated with either major or minor alterations in 
structural and/or regulatory genes, as well as with 
chromosomal evolution. The extent of genetic differentiation 
depends on various correlated and interacting factors, includ- 
ing the taxon, mode and rate of speciation, population and 
migration size and structure, breeding and mating system; 
reproductive strategy, chromosomal rearrangements and 
polyploidy, and the ecological selection structures. To become 
both predictive and falsifiable, speciation theory must be based 
on critical multifactorial tests incorporating the genetic system, 
ecological regime and historical patterns in actively speciating 
populations. 

This research was supported by a grant from the United 
States—Israel Binational Science Foundation. We thank M. 
Avrahami and G. Heth for field assistance; Dr M. Haber for 
statistical assistance, and H. Bar-El, Ch. Alkalay and E. 
Golenberg for editorial assistance. 
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Limit of single vision in stereopsis 
depends on contour sharpness 


OUR two eyes see slightly different images of the world, and this 
enables us to estimate the position of objects in depth. When we 
look at a fixed point in space we can correctly judge the distance 
of an object that is in front of, or behind this point by the amount 
of disparity of its retinal images. Our brain combines these 
disparate images in such a way that we can see the object as 
single within a certain limit of disparity. This limit is called 
Panum’s fusional area; for fine-line targets the disparity limits 
are found to be +7 min arc for central (foveal) vision, and larger 
for peripheral vision (for review see ref. 1). However, Fender 
and Julesz’ demonstrated that fusion may be extended beyond 
Panum'’s area when random-dot stereograms are used. 
Experiments reported here demonstrate that Panum’s area also 
increases for stimuli with blurred contours, that is, for contours 
containing lower spatial frequencies. 

Figure la shows three gratings of sinusoidal luminance 
profile; the adjacent gratings are in antiphase, that is, each light 
bar in one grating corresponds to a dark bar in the other. Each 
grating is surrounded by a contour and provided with short 
vertical lines at the top and bottom to facilitate fusion. The first 
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task of the observer is to fuse the top lines of the top gratings (the 
bottom left grating and the rest of the page should be covered). 
Fusion of the top lines is easier when a cardboard partition is put 
between the gratings, so that each eye views only one grating. It 
will be seen that after the short lines and the rectangular outline 
are fused, both the gratings can also be fused (although at first 
the light bars seem superimposed on dark bars and vice versa). 
They are seen as a single grating either closer or further away 
than the short lines (as observed previously by Blakemore and 
Hague’). The criterion of appropriate fusion is that the top short 
lines are seen pointing between the light and dark bars of the 
grating for observers with good binocular vision. (If an observer 
has one eye strongly dominant, this eye will determine the 
perceived position of the short line). This fusion is not affected 
by viewing and fusion of the bottom instead of the top short 
lines, except that now the short lines are seen in the middle of a 
light or dark bar of the grating. In both viewing conditions, single 
vision and stereopsis are easily established over a wide range of 
viewing distances and this finding was confirmed on 15 observers 
with normal binocular vision. This indicates that the disparity 
range of single vision is at least as large as the width of one bar 
(or a half-cycle of the grating), which at a viewing distance of 
10cm is about 4°. 

Now cover the right grating, uncover the left bottom grating 
and rotate the figure by 90° so that two horizontal gratings (in 
antiphase) can be viewed by left and right eyes, respectively. It 
will be seen that now fusion becomes difficult and even if it 
occurs (most often by suppressing one eye) it does not produce 
stereopsis. 

The next demonstration is concerned with the square-wave 
gratings (Fig. 16) in antiphase. Such patterns, with sharply 
outlined contours, are known to be interpreted in the visual 
system by detection of their edges*”’, which contain higher 
spatial harmonics’. 

First try to fuse the top short lines using the same method as 
when viewing Fig. la. Now, however, a simultaneous fusion of 
the top short lines and the gratings is very difficult, as the sharp 
edges of the gratings in antiphase seem to produce rivalry, 
otherwise the edges are not seen as sharply. In spite of this, all 15 
observers saw the square wave grating in depth, either closer or 





Fig.1 Demonstration of depth perception with and without single vision of contours. a, Sinusoidal gratings in antiphase can easily be fused, 
after fusing the short line in the top two figures (all other figures should be covered by a white sheet of paper). Observers finding this task difficult 
should put a piece of cardboard, in the sagittal plane, between their eyes and the two gratings, so that the left and right eyes view only left and right 
pratings, respectively; start viewing the figure at a distance of 20-30 cm and then gradually reduce the viewing distance. Note that the vertical 
gratings are fused and perceived at a different depth from that of the short fixation lines over a wide range of distances (down to <10 cm) and that 
the gratings do not produce the depth effect if the whole display is rotated through 90°. b, Square-wave gratings in antiphase can be fused initially 
only at a distance over 30 cm, but gradually also at smaller distances. The square-wave grating is then seen in depth relative to the short lines, but 
the sharp edges of the grating become double or unclear at distances <15 cm. It is important that the observer sees the gratings in focus with both 
eyes (otherwise, defocused gratings lose their sharp luminance profile and become similar to the sine gratings). Viewing the gratings horizontally 
produces only binocular rivalry. c, Fusion of single bars of either cosinusoidal or sharp (square) profile is equally easy when looking at the gaps 
between the short lines in the middle of the figure: both bars are seen as single and in depth. However, the sharp edges of the bars are seen either 
double or unclear when the observer looks at the bottom short lines at viewing distances <~10 cm. 
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farther away than the short lines, and 12 of them reported rivalry 
at the same time. Only three observers (all of whom had a 
strongly dominant eye) reported seeing sharp edges without any 
rivalry, possibly by suppressing the rival contour produced by 
the nondominant eye. This suggests that the nondominant eye 
may contribute to stereopsis without producing a rival double 
image. 

Although the periodicity of the patterns in Fig. 1a and b helps 
in seeing them in depth (as several contours have similar dis- 
parity’), it is not a necessary condition for this phenomenon. 
Figure 1¢ shows:two pairs of single bars corresponding to those 
in Fig. 1a and b. Now, however, for comparison the sharp bars 
(bottom) and the ‘blurred’ bars with a consinusoidal profile (top) 
are presented simu! aneously i in the same disparity with respect 
to the short lines; Some observers find it difficult to fuse the short 
lines between. the bars, but after several attempts it is usually 
possible to perceive the bars as being closer than the short lines 
(if the left and right eyes look at the left and right lines, 
respectively). The sharp edges of the square-wave bars, 
however, are seen as double. 

All the phenomena shown in Fig. 1 suggest that objects with 
sharply outlined contours and patterns with gradual luminance 
gradients have different ranges of disparities over which they are 
seen as single, or at least not seen as rival double images. In other 
words, the range of single vision in stereopsis is inversely related 
to the spatial frequencies present in the pattern, as though there 
were many Panum’ s areas instead of one determined with fine 
lines. 

Neurophysiologists’™"? have noted that units with small 
receptive fields, representing central vision, often have a nar- 
rower range of disparities than units with large receptive fields 
representing peripheral vision. However, the phenomena 
reported here are concerned mainly with central vision (note 
that the bars in Fig. 1c may be made shorter without affecting 
the percept). Graham, Robson and Nachmias’* have demon- 
strated that central vision has a range of mechanisms tuned to 
different sizes (or different spatial frequencies). Also, Maffei and 
Fiorentini'* noted that cortical cells subserving each part of the 
visual field are tuned to a range of sizes (spatial frequencies). 
Although specific neurophysiological investigations relating the 
range of disparities to the receptive field size in the same part of 
central vision have not yet been published, some experiments 
hint that such a relationship may exist. Simple cells in the cat 
visual cortex responsive to low spatial frequencies tolerate a 
greater lateral misalignment of line stimuli presented dichop- 
tically than the cells responsive to higher spatial frequencies (D. 
J. Tolhurst, J. D. Thompson and C. Blakemore, personal com- 
munication). 

Other psychophysical experiments also point to different 
binocular processing of sinusoidal and square-wave gratings in 
antiphase (J.J.K. and I. Wood, in preparation). The binocular 
contrast thresholds for the detection of sinusoidal gratings were 
the same whether the gratings were in-phase (identical) or in 
antiphase for the two eyes. However the thresholds for bino- 
cular viewing of square-wave gratings were higher when the 
gratings were in antiphase as compared with the thresholds for 
the in-phase presentation. This finding may be of clinical 
importance, for as the simusoidal gratings do not produce rivalry 
irrespective of their phase they could be used for exercising 
binocular vision in patients with squint. 

I thank Drs P. O. Bishop, C. Blakemore, W. N. Charman, 
D. J. Tolhurst and T. R. Vidyasagar for discussions. 
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Telephoto lens 
system of falconiform eyes 


VISUAL ACUITY in falconiform birds has been shown to be 
higher than man. For instance, vultures with eyes similar in size 
to those of man have a grating detectability of about twice the 
spatial frequency of man’. This is consistent with measured 
image quality in an eagle eye similar in size to the human eye’. 
Recently a falcon (Falco sparverius ¥ has been shown to have a 
grating detectability 2.6 greater than that of man”. Although the 
image quality of these falconiform eves is at least twice as good 
as man, their minimum intercone spacing is only slightly less 
than in the human retina. Unless the ratio-of focal length to the 
axial eye length of these birds greatly exceeds that in man, 
falconiform eyes, unlike man, woulc be unable to resolve their 
best retinal image quality. We show here that the presence of a 
spherical depression in the deep fovea of falconiforms may act 
like the negative lens component in a telephoto lens system or 
opera glass. The focal length of the birds’ dioptrics can then in 
theory exceed the axial length of the eye, thus providing the 
relatively large images necessary ‘or more complete image 
reconstruction (high resolving power) in a localised region of the 
retina. 

The anatomical resolving power cf an eye is set by the image 
size and by the receptor grain. The image size is specified by the 
focal length, f, while the receptor grain is specified by the 
centre-to-centre spacing of foveal cone, d. It is convenient to 
define an anatomical resolving power, RP, as the reciprocal of 
the angular separation between cone centres: 


RP=flc (1) 


In order to determine precisely the intercone distance, d, we 
made photoreceptor counts by Lght microscopy on fresh 
material and by light and electron microscopy on fixed material 
in the deep foveas of numerous bircs ranging from large eagles 
to small falcons and, for comparisen, in human foveas’. In all 
situations shrinkage was carefully monitored and corrected for, 
and only the most central region of the fovea was examined. In 
all falconiforms studied d = 2 um, irdependent of their eye size, 
while d = 3 pm in man. In man, focal length f = 17 mm (ref. 5} 
while in falconiforms f (believed to ke accurately estimated from 
the curvature of the retina®’) measured in all our birds was 
found to be f=0.65L, where L is the axial eye length. Using 
equation (1), the anatomical resolving power of falconiforms 
with eyes the same size as man (L = 24 mm) is only 1.38 times 
that of man. If the resolving power o these birds is to equal twice 
that of man, then f must equal 22.6 mm or 1.45 times that 
measured from the retinal curvature. We next show that this 
amount of image magnification is in fact consistent with the 
optical function of the bottom of the fovea! pit. 

Falconiforms are well known to have a deep nasal fovea”? see 
for example, Fig. 1, where Fig. 1b shows the deep fovea of the 
red-backed hawk, Buteo, which also has a ‘man-sized’ eye. We 
call attention here not to the steep sides of the fovea*'’, but 
rather to the fact that the bottommest portion of the pit is a well 
formed hemisphere. Our hypothesis ts that this concave portion 
of the foveal pit (labelled by the arrow in Fig. 16) functions as a 
negative lens which, together with the positive power of the 
cornea and lens, acts like the telephoto optical system of Fig. 2. 
This system has an effectively Icng focal length which, in 
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Fig.1 a, Schematic of an avian eye viewed ventrally, illustrating the relative position of the deep or nasal fovea (DF). The figure is adapted from 

the hawk Buteo latissimus'*. W, the head width, approximately equals twice the axial eye length L. b, Unstained 10-ym thick section of 

glutaraldehyde-fixed retina of red-backed hawk in region of deep fovea, Section photographed using interference contrast. Increasing darkness 

indicates higher refractive index. Arrow indicates concave region of foveal pit which we hypothesise may function asa diverging optical element 

to project magnified image on receptors at centre of fovea. Note that n is uniform between internal and external limiting membranes outside of 

fovea on extreme right of figure. Dark densities sclerad to ELM are the result of pigment and do not necessarily relate to n. ELM, external 
limiting membrane, OD, oil droplets; OS, outer segments; PE, pigment epithelium. Scale bar, 100 pm. 


theory'', can even exceed the physical length of the eye. Walls®, 
ignoring the bottommost portion of the pit, suggested that the 
steep sides of the foveal pit magnifies the image, but Pumphrey’” 
showed that instead they cause distortion. 

Thus, from Fig. 2 the effective focal length of the bird eye is 
given by mf, where m is the magnification’ of the foveal pit, 
defined in the legend of Fig. 26, and f is the focal length used in 
equation (1). Therefore, from equation (1), the resolving power 
of falconiforms is mf/d. The magnification m increases the 
smaller the radius of curvature R of the concave pit and/or the 
greater the distance s of the bottom of the pit from the pho- 
toreceptors. From our above discussion, m must equal about 
1.45 for the man-sized falconiform eve to have twice the resolv- 
ing power of man. 

Using the deep fovea of the red-backed hawk in Fig. 1b as an 
example, with s=110 pm and R=6 um, then the refractive 
index n, of the deep fovea must equal 1.369 if m is to be 1.45. 
This result is found from the equation in the legend of Fig. 26 
assuming the refractive index of the vitreous humor’ is the same 
as man and cat’, that is, n. = 1.336. There are several convincing 
reasons why n, should equal or exceed 1.369. First, the vitreal 
surface of the foveal pit is formed by Miller cells only. From our 
electron micrographs, these Muller cells are seen to be 
exclusively and densely packed with microfilaments. Similar 
protein, for example, collagen in the cornea, has a refractive 
index'* n,= 1.55. Second, interference microscopy of the red- 
backed hawk fovea, (Fig. 15) indicates an n, similar to that of the 
cone outer segments’ for which a,~ 1.4. Since the regions of 
highest n in Fig. 1b are shown as the darker areas, the region 
below the pit has a nonuniform refractive index. Thus, Fig. 2 
represents only a crude model of the optics. We emphasise that 
the high refractive index region surrounding the spherical pit in 
Fig. 1b is absent in extrafoveal regions and in all primate foveas 
and less apparent in the shallow foveas of falconiforms. Third, 
measurement of interference fringe displacement in the deep 
fovea of a glutaraldehyde fixed, Spurr’s media embedded 
specimen (Fig. 14) indicates a minimum value of 1.379 for the 
refractive index of both the pit and sides of the deep fovea. 
However, this value is a lower bound because we have not 
adjusted for the fact that the high n Spurr’s medium infiltrates 
the denser tissue more than the less dense tissue. The measured 
n value is consistent also with the intensity of the foveal reflex 


believed equal to that of myelinated nerve fibres of the optic 
disk'*. Thus, the very high refractive index below the spherical 
pit and its radius of curvature are consistent with the pit 
functioning as a negative element in a telephoto lens system. 

The deep fovea may also act as a focus indicator; however, 
both the nail polish and the ray models used to test this hypo- 
thesis” were not scaled to give the correct magnification factor 
as determined by our interference microscopy and anatomical 
measurements (L. Harkness, personal communication). When 
appropriately scaled, we have observed the magnification pre- 
dicted by the telephoto lens model and furthermore, the entire 
‘retinal’ image is in focus in the same plane that magnification 
occurs, 

There are distinct disadvantages associated with the telephoto 
lens system described above, including a narrow field of view for 
high resolving power and susceptability to aberrations caused by 
the steep sides of the fovea. Why is it then that the avian eye did 


Positive Negative 
lens lens 


image 
plane 


| 





Fig. 2 Schematic of the telephoto lens. a, Classical design. b, 
Equivalent system of avian eye where the negative lens is replaced 
by a spherical (concave) surface. The magnification of the system, 


5 {Np Ng 
m= 1+ (2) 
RS 
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where n, and n, are the refractive indexes of the medium to the 

right and left of the spherical surface respectively, R the radius of 

curvature of the surface and s the distance from the apex of the 

spherical surface to the image plane. The position of the oil 
droplets is taken as the image plane in Fig. 16. 
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not sumply have a higher cone density, avoiding these 
difficulties? The answer may be found in the constraints imposed 
by the wave nature of light. Because of frustrated total internal 
reflection’, photons within one outer segment have a pro- 
bability of crossing over into neighbouring outer segments. This 
optical ‘cross talk’’® increases the more densely packed the 
cones become, manifesting itself by an increased reduction in 
contrast sensitivity. If high resolving power ıs the animals’ 
primary objective, the deep fovea, acting as the magnifier of a 
telephoto lens, may be a strategy superior to a fine receptor 


hein our arguments have been applied mainly to fal- 
coniforms with man-sized eyes, they should hold more 
generally. In all of the falconiforms we have studied, the focal 
length f of equation (1) is directly proportional to axial eye 
length L while the minimum inter-cone spacing d and 
magnification m due to the deep fovea are independent of eye 
length. Consequently the resolving power, RP, of these birds 
should be directly proportional to L or equivalently to the 
animals’ head width W of Fig. 1a. Our finding that the birds’ 
pupil diameter, as measured in bright natural conditions, is 
directly proportional to L is also consistent with the RP bein 
directly proportional to L. This follows assuming, as in man’’, 
that the birds’ best image quality (minimum line spread) is nearly 
diffraction limited and occurs at the smaller (bright light) pupil 
diameters. 

Finally, recall that grating detectability provides only a limited 
assessment of bird visual superiority. Alternatively consider a 
distant point object. The most crucial determinate of detection is 
then maximum image brightness which also equals the two- 
dimensional polar area under the modulation transfer function 
of the optics '. From the modulation transfer function for the 
optics”’’, we calculate that the man-sized eagle eye can, in 
theory, detect a distant point object at a distance 3 to 8 times 
greater than man. This ratio is nearer to 8 when the object is 
significantly brighter than its surround, and ~3 when the object 
brightness is equal or less than its surround. Such superior visual 
acuity is in better agreement with the reported observations’! 
than the value of twice that of man found from grating detec- 
tion’. 

Thus man-sized falconiform eyes have an image quality at 
least twice as good as man’, yet their minimum inter-cone 
spacing is only slightly leas than man*. Nevertheless, our ana- 
tomical findings and refractive index measurements are consis- 
tent with the hypothesis that the sphencal portion of the deep 
fovea acts like the negative lens component in a telephoto lens 
system. The focal length of the dioptrics may then be sufficiently 
extended for the bird to resolve its superior retinal image in a 
localised region. 

We thank Jerry Olsen of CSIRO for procuring and handling 
the birds. Part of this paper is abstracted elsewhere’. This work 
was supported in part by USPHS grants EY00089, EY00785 
(W.H.M.) and by a John Simon Guggenheim Foundation 
Fellowship (A.W.S.). 
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Cyclophosphamide delays 
3-methylcholanthrene 
sarcoma induction in mice 


THERE ig increasing evidence to show that suppressor T 
lymphocytes facilitate the growth of neoplasms that have 
tumour-specific transplantation antigens’*. Studies on 
suppressor cell activity with respect to various non-tumour 
antigens have shown that treatment of mice with cyclo- 
phosphamide depresses suppressor cell-mediated mechanisms 
to a greater extent than the effector arm of the immune 
response’, provided the proper dose and timing for drug 
administration was used. Based on these observations we 
speculated that treatment of mice with cyclophosphamide dur- 
ing the latency period of tumour induction might prevent (or at 
least delay) the appearance of primary tumours. We show here 
that this hypothesis is correct. In BALB/c mice given 3-methyl- 
cholanthrene (MCA) and injected with cyclophosphamide 
(2 mg per mouse) every 10 days, the appearance of primary 
sarcomas was delayed. Because the effects were striking, and 
were obtained with one of the drugs most commonly used in 
cancer chemotherapy, we decided to report the data. We are, 
however, aware that explanations for the drug effect other than 
interference with suppressor cell activity are equally possible, 
including a direct effect of the drug on tumour cells. 

BALB/c mice were bred by brother to sister mating at the 
Fred Hutchinson Cancer Research Center. Female mice, 6-8 
weeks old, were randomised into six experimental groups, each 
group comprising 50 mice except group 6 which had 45 mice. All 
mice received an intramuscular injection into each thigh of 0.1 
mg MCA dissolved in trioctanoin The day of MCA injection is 
referred to as day 1 of the experiment. Two groups (1 and 4) 
were injected subcutaneously on 4 occasions (days —10, 20, 50, 
80) with 10° heavily irradiated cells per mouse from tumour 
1423. This tumour is an MuLV antigen negative MCA-induced 
BALB/c sarcoma; these tumour cells were pre-irradiated with 
15,000 rad in vitro®. The tumour cells were injected to deter- 
mine whether any immunisation to putative common TSTA 
could be obtained. Two other groups (2 and 5) were similarly 
injected with cells from normal BALB/c kidneys, while the 
remaining two groups (3 and 6) received phosphate-buffered 
saline (PBS) only. Cyclophosphamide was injected intrapen- 
toneally at 10-day intervals in a dose of 2 mg per mouse (cor- 
responding to approximately 100 mg per kg body weight at the 
onset of the experiment), starting 13 days before MCA and 
continuing throughout the experiment, in groups 4, 5 and 6. This 
dose of cyclophosphamide was chosen on the basis of experi- 
ments performed in an allograft system, which examined 
suppressor cell activity controlling the cell-mediated allograft 
response in BALB/c mice’®. The time schedule was based on 
the evidence that suppressor T cells have a half life of less than 4 
weeks’. Groups 1, 2 and 3 were injected with PBS instead of 
cyclophosphamide. The previously eartagged mice were obser- 
ved at weekly intervals for tumour development; the treatment 
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Table 1 Delayed appearance of primary MCA induced sarcomas in mice given cyclophosphamide during the latency period 
Bt E AE A A N Nc oa wt hc ae ok ere ae wc 








No. of “fo 
No. of mice with tumour at mice dead Total no. Mice 
Cyclophos- various times after MCAt without tumours without 
phamide l tumour per group tumour 
Group (+ or —} Immunisation? d84. d97 d104 d119 di31 d142 di42 d142 d142 
l — 1423 Tumour 1 28 30 46 48 50 Q 73 0 
2 _ Normal kidney 4 16 24 44 46 48 1 69 2 
3 — None 6 13 20 41 42 46 4 62 0 
1-3 aa 1-3 combined li 57 74 131 136 144 5 204 0.7 
4 + 1423 Tumour 1 2 4 18 24 25 3 32 44 
5 + Normal kidney 0 3 3 14 24 31 1 35 36 
6 + None l 1 2 12 18 26 Q 31 41 
4-6 + 4-6 Combined 2 6 9 44 66 82 4 98 40 
Statistical significance of differences 
between groups (1-3) and (4-6) P < 0.02 0.001 0.001 0.001 0.001 0.001 NS 0.001 0.001 


le eee mmaa sam nannnnantnennnmmneeriere memnanaaceenrinansnneemaTe ANR eee TEE 


Ta mg cyclophosphamide per mouse intraperitoneally 13 d before MCA and at 10 d intervals afterwards. 
+ 10° cells irradiated with 15,000 rad in vitro, were injected subcutaneously 10 d before MCA and at 30d intervals on three more occasions. 
+ Data pooled from mice with unilateral or bilateral tumours. All groups comprised 50 mice except group 6, in which there were 45 mice. Mice were 


inoculated with 0.1 mg MCA into each thigh on day 1. 


of the mice was unknown to the observer. The appearance and 
growth of tumours in each thigh was recorded. Statistical 
significance was calculated by y7 analysis. 

As shown in Table 1, groups receiving cyclophosphamide 
developed tumours much more slowly than did untreated 
groups. At all times of observation except the first (84 days after 
MCA), the differences were statistically significant at the P< 
0.001 level; 84 days after MCA, the P value was <0.02. At the 
time of writing, 142 days after injection of MCA, all but one of 
the mice in the controls had at least one tumour, whereas 40% of 
the mice in the cyclophosphamide treated group remained 
tumour free. However, the major effect was probably a delay of 
tumour appearance rather than a prevention of tumour 
induction, since the appearance of new tumours in the drug 
treated group has not levelled off. The cyclophosphamide 
treated mice have shown no signs of sickness and have increased 
in weight at the same rate as mice not receiving the drug. The few 
non-tumour related deaths observed have been no more 
frequent in the drug treated groups (Table 1). 

There was no difference in tumour induction between groups 
which were immunised with tumour 1423, or injected with 
normal kidney or PBS. Thus, there was no evidence for any 
immunisation to antigens shared by the 1423 sarcoma and 
primary MCA sarcomas. This observation agrees with pre- 
viously reported failures to immunise against MCA carcino- 
genesis by giving MCA tumours during the latency period’’, but 
does not exclude that immunisation with other tumours, either 
induced by MCA or in another way, may be effective’*. The 
failure of 1423 sarcoma cells to immunise against any putative 
common TSTA was not altered by cyclophosphamide treatment 
(group 4). 

The delayed tumour appearance in groups that received 
cyclophosphamide is consistent with the hypothesis that cyclo- 
phosphamide inhibits tumour growth by interfering with either a 
suppressor cell mechanism or an  immunostimulatory 
mechanism of the type described by Prehn'*. However, it is 
equally consistent with a non-immunological interpretation. 
Cyclophosphamide may, for example, have destroyed neoplas- 
tic cells as they developed or it may have interfered with 
carcinogenesis. That we do not know the mechanisms of the 
drug effect in this system should not, however, detract from the 
fact that a very substantial delay in primary tumour induction 
was obtained, using a protocol which has few apparent side 
effects. Work in progress in our laboratory, using cyclo- 


‘phosphamide treatment in conjunction with adoptive transfer of 
lymphoid cell populations containing suppressor cells, should 
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determine whether the drug has any effect on suppressor cells 
during chemical carcinogenesis. 

This work was supported by NIH grants. We thank Linda 
Katzenberger and Craig Bailey for technical assistance. 
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Neoplastic transformation of human 
diploid cells in vitro 
after chemical carcinogen treatment 


ALTHOUGH many unsuccessful attempts have been made to 
transform normal human cells to the neoplastic state’*, the 
putative transformations reported have been primarily with cell 
lines derived from xeroderma pigmentosum biopsies or 
osteosarcoma tumour tissues’. Recently, cells from a skin 
biopsy taken from the lip of an adult female were reported to 
be transformed by 4-nitroquinoline oxide and N-methyl-N’- 
nitronitrosoguanidine’’ (MNNG). We now report that primary 
or low passage cells in vitro from various human foreskin cell 
populations can be neoplastically transformed in vitro by six 
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different chemical carcinogens. A close correlation between 
growth in soft agar and tumour formation in nude mice was 


obtained. 


- Randomly proliferating human cell populations have an 


h extremely rapid DNA repair system that is exceedingly 


proficient and error free''’*, as over 90% of the damage 


caused by the chemical carcinogen is repaired within 4-10 h 
(ref. 13). When normal diploid human cell populations were 
exposed to known chemical carcinogens, transitory abnormal 
cellular, morphological and culture characteristics, such as 


polygonal morphology, criss-cross orientation of the fibroblast 


cells and loss of density-dependent inhibition were expressed. 
We have not yet been able to regularly demonstrate trans- 
formation of randomly proliferating cell populations prepared 
from different skin tissue samples. However, reproducible 
transformation occurred when scheduled DNA synthesis was 
altered and proliferation of the normal (unaffected) portion of 
the cell population was impaired. To obtain transformation the 
normal cell populations were blocked in G, /S interphase, then 


Chemical No. of treated 

carcinogen (pg mi~’) populations“ 
PS (5.0) 7 
B-PL (13.0) 4 
Af-B, (10.0) _ 7 
MNNG (0.1) © 8 
4-NQO (00023) 10 
EMS 00.0) =. 7 






(4-NQO). 


Table 1 Population density and colony-formation capability in 0.5% agar of control and carcinogen tre 
Cell density? 
(x 10° per 75 cm?) 


The following were added at PDL 1.5: PS, B-PL, aflatoxin B, (Af-B,), MNNG, ethyl methane sulphonate ( 
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treatment with PMA, insulin, anchralin or oestradiol. The one 
range for cells in S was 67-95% with a mean value af 90% of . 
the cells going through S phase of the cell cycle for a population- 
of 1.5x 10° cells in these culture cenditions. Carcinogen stock 
solutions had been prepared by dissolving the chemical in ~ 
acetone and diluting with 100 ml of CM immediately before 
use. The concentrations used were mad. urther dilutions of 
the stock solutions with CM. Afte: treatment period, the 
cell cultures were washed three. ti ith CM and immedi- 
ately sub-passaged 1:2 into CM ning 8x nonessential 
amino acids (MEM, Flow) and 2 fins. When the cell 
populations were 75% confluen Itures were serially 
the cultures was 
A The saturation 






















; quency of colony 


No, that grow o  FYe c 
formation in agar 


in soft agart 


WEA | 
5 an » > oe, 
is 





EMS), 4-nitroquinoline- | -oxide 


* Primaries were derived from 10 different foreskin samples per treatment and cultures of each were used with chemical carcinogens. 


ati 


+ Mean cell population densities (M-cell density x 10° per 75 cm?) were determined 7d after 1:4 split. These values represent 10 different 


experiments. 


+ Fifty-thousand cells were seeded into 2 ml of 0.35% agar over a 5 mi 2% base in 25 cm’ wells. These cultures vere incubated at 37°C ina 4% 
CQ>-enriched air atmosphere and re-fed on day 7 with 0.5 ml of medium-supplemented soft agar. The base agar nedium was supplemented with 
RPMI 1629 and the soft agar was supplemented with Lo-Cal medium (Biolabs). Colonies, > 100 cells per colony, were counted 9d after seeding. 


released and treated with the appropriate carcinogen during 
the S phase of the cell cycle. After carcinogen treatment pro- 
liferation of the unaffected cell population was purposely 
inhibited. Moreover, if morphologically altered colonies were 
selectively removed and grown in conditions that restricted 
proliferation of unaffected cells in mass culture, there was an 
increase in the growth of the abnormal cell populations. 
Randomly proliferating cell populations obtained from 10 
foreskin tissues dispersed with collagenase'* were sub- 
passaged in complete medium (CM) composed of minimum 
essential medium—25 mM HEPES (Gibco) at pH 7.2 supple- 
mented with 10% fetal bovine serum (FBS) (Rehatuin), 1 mM 
sodium pyruvate, 2 mM glutamine, 0.2% sodium bicarbonate, 
5.0 ng ml”! gentamycin, in an atmosphere of 4.0% CO, en- 
riched air at 37°C. Preconfluent (70-80%) logarithmically 
growing cultures were transferred to Dulbecco’s modified 
Eagle’s medium (Biolabs) lacking arginine and glutamine, at 
pH 7.2 supplemented with 10% dialysed FBS to decrease cell 
multiplication. After 24h, the amino acid-deficient medium 
was replaced with CM to which either 0.5 IU of insulin or 
lpgml! 17-8-oestradiol, anthralin, or phorbolmyristate- 
acetate (PMA) had been added. Ten hours later, chemical 
carcinogen in CM was added with either PMA, anthralin, 
insulin or oestradiol. This time coincided with the time when 
the maximum number of cells were in S phase of the cell cycle. 
Both chemical carcinogen and PMA, anthralin, insulin or 
oestradiol were removed 12h later. This time interval coin- 
cided with the end of the S phase of the cell cycle (8.3 h). The 
absolute number of cells in S varied from tissue to tissue and 


modified Dulbecco’s Lo-Cal growth medium (Biolabs) over a 
5 ml 2% base supplemented with RMPI 1629 growth medium- 
20% FBS. After incubation for 17 din a 4% CO,.-enriched air 
environment at 37°C, colonies formed. Agar-containing cul- 
tures were re-fed every 7d witk 0.5 ml of Lo-Cal medium 
supplemented soft agar. The frequency of colony formation in — 
soft agar ranged from 10°°* to 107° and for methylcellulose — 
from 107° to 10°’ for the different carcinogen treated cell 
populations at PDL 20 (Table 1). These colonies were isolated 
from each semisolid growth medium and seeded into CM — 
containing nonessential amino acids and grown until confluent. © 
When 20,000 cells again were seeded into soft agar, or 
melthylcellulose, the colony frequency approached 100%. 

A comparison of the frequency of growth in soft agar, or 
methylcellulose, indicated that PDL 20, after treatment was 
discontinued, was a suitable PDL for determining the ability of 
transformed cell populations to grow in soft agar. Cell popu- 
lations with a high capacity for gsowth in soft agar or methyl- 
cellulose also grew to relatively higher cell density than normal 
cultures (Table 1). For example, aflatoxin B,-treated cell 
populations at PDL 28 grew in soft agar at 1: 10* or methyl- 
cellulose, at a frequency of 1:10°* after 17 d. At this PDL the 
population density in a treated fask was 4.5 10° cells per 
75 cm? after 4d, while the population density in the control 
75 cm? flask was 1.7 10° cells. At PDL 40 the frequency of | 
eee in soft agar was 1:10° and in methylcellulose it was 

After the colonies were removed from the semisolid medium 
and grown in culture these cells were reseeded into soft agar: - 
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LAR 
Table 2 Tumour growth in nude mice of same cell lines treated with 
chemical carcinogens 
S 

Agar derived Mice with tumours/ 


Cell population cell lines tested mice injected 


PS 3 7/11 
B-PL | 3/4 
Af-B, 3 8/14 
MNNG 3/5 
4-NQO 2/4 
EMS l 3/4 


Se R ES 

At PDL 40-50 the transformed cell populations previously removed 
from the soft agar were injected into irradiated mice at a cell density of 
5x10° cells per nude mouse. A ‘tumour take’ was described as a 
nodule, 0.5 cm in diameter, that was palpable within 4 weeks after 
injection. None of the untreated cultures at cell densities of 10’ cells 
produced tumours when injected into the mice. 


100% of the seeded cell populations formed colonies. A similar 
response was observed with propane sultone (P.S.), B-pro- 
piolactone- or aflatoxin B, (Af-B,)-transformed cell popu- 
lations, whereas only 25%-70% of the reseeded cell popu- 
lations, treated with 4-NQO, ethyl methane sulphonate, 
methyl methane sulphonate, or MNNG, formed colonies in soft 
agar. 

Colonies were removed from the soft agar and serially pro- 
pagated to a cell density of 10°*. The ability of these cells to 
grow in soft agar was correlated with tumour formation in the 
nude (mu/nu) mouse (Table 2). Preliminary chromosome 
analysis confirmed that all cell lines examined had a human 
chromosomal constitution with a diploid or near diploid stem 
line. G-band analysis demonstrated that some lines, despite 
their normal diploid chromosome number, contained numeri- 
cal deviations or abnormal chromosomes. C-band analysis 
revealed other alterations such as pericentric inversions and 
chromosomes with large areas of heterochromatin or abnormal 
chromosomes with more than one centromere. These trans- 
formed cells were injected into the subscapular region of the 
nu/nu mice previously irradiated with 450 rad (ref. 15). The 
bleb regressed between 24 and 96h depending on the size of 
the inoculum. Subcutaneous tumours appeared in the 
subscapular areas 18-25 d after injection of the cell mass. After 
4—6 weeks, the tumours (0.8-1.5 cm) were surgically removed, 
part was examined histopathologically and the rest trans- 
planted into other mice. The tumours were composed of mul- 
tiple vacuolated cell types predominantly a syncitial network 
with eosinophilic cytoplasm and ovoid basophilic nuclei. There 


Fig. 1 A serial section of a tumour formed from proliferating 
aflatoxin B, treated cell populations in the nude mouse. The 
tumour was excised after 6 weeks in the mouse, fixed in glu- 
taraldehyde and stained with haematoxylin and eosin. This tissue 
section reveals that tumour vascularisation has taken place. x 120. 





0028~-0836/78/0275—O132$01.00 


Nature Vol. 275 14 September 1978 


were also foci of more centrally very vacuolated basophilic 
staining cells with central or peripheral nuclei (Fig. 1). The 
presence of these cells composing the foci in the tumour mass is - 
consistent with presence of proliferating exogenous cells pro- 
ducing the tumour mass. The tumours were classified as 
undifferentiated mesenchymal tumours, and the tumour 
incidence was recorded (Table 2). To date, all cell lines derived 
from agar injected into nude mice produce tumours. Tumours 
have been serially subpassaged 3x to date. Palpable growths 
formed in 4 weeks and reexamination of these growths 
confirmed their mesenchymal origin. 

We thank Drs Charles Frith and Stephen Weisbrode for 
evaluating tumour histopathology and N. Popescu for 
chromosome analysis. We thank Robert Zimmerman. Jack 
Berno, Thomas McMichael, Donna Parson and Inge Noyes for 
technical assistance. This work was supported in part by NCI 
grant NO1-CP-43276. 
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Resorbing bone is 
chemotactic for monocytes 


MONOCYTES are often found adjacent to bone-resorbing sur- 
faces. Their function at these sites is unknown, although they 
have been shown in vitro to have the ability to resorb bone’. 
There is also strong circumstantial evidence that circulating 
monocytes are precursors for the major bone-resorbing cell, 
the osteoclast”. The mechanism by which circulating mono- 
cytes are attracted to sites of bone remodelling are unknown. 
We have examined the products of resorbing bone for chemo- 
tactic effects on circulating human monocytes and found that 
organ cultures of resorbing fetal rat long bones produced 
factors which were chemotactic for human peripheral blood 
monocytes, but not for neutrophils or lymphocytes. The 
chemotactic effect of resorbing bones occurred independent of 
the humoral mediator of bone resorption. The mechanisms by 
which monocytes are attracted to bone surfaces may be of 
fundamental importance to our understanding of bone cell 
dynamics and bone resorption. 

The source of bone used in these experiments was the 19-d 
fetal rat radius and ulna, which had been previously labelled 
with “Ca as described previously*”’. These bones resorb in 
organ culture in response to parathyroid hormone (PTH) and 
other stimulators of bone resorption®’. Bones were cultured 
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Table 1 Chemotactic responses of human monocytes and neutrophils to resorbing bone, using the Boyden chamber technique 


Neutrophil 
Bone resorption® Monocyte chemotactic 
Chemotactic sample (% “Ca release) chemotactic activityT activityt 
Expt A Expt B Expt C Expt A Eapt B Expt C 
Media from : 
PTH (400 ng ml *)-treated bones 65+10t 94 +34 8342 165+ 15+ 61+ 94 16+1 
Media from paired bones cultured in control 
media 27+0-3 59+7 3344 83+6 2743 19+2 
Control media 86+ 10 41+5 29+2 
Control media +PTH (400 ng ml~') 94+13 
Bacterial factor 1404 13+ 69+ 144 102+ 44 
Leukotactic factor from zymosan-activated 118+ 9} 116+6t 
serum 





Expenments A and B were carried out using polycarbonate filters (pore size 5 ym) and slaty C with cellulose acetate filters (pore size 


0.65 pm) Bones were cultured in BGJ medium supplemented with bovine serum albumin 
cell concentration added to the upper compartment of the Boyden chambers was 5x1 


m~’). In experiments A and B the mononuclear 
cells mi ` In experiment C, the startmg neutrophil 


concentration was 2.5X10° cells ml7!. Bovine PTH (400 ng ml‘) was provided by G Auerbach; la, 25(OH} D(107* M) was provided by 


Hoffman—LaRoche; PGE, (107 M) was from Upjohn. 
* Values are means +s.e.m. for 4 pairs of bones. 


t Chemotactic activity is expressed as the average number of monocytes or neutrophils into the filter per high power field (+s.¢ m.}. 


+ Significantly greater than control media (P < 0.05} 


for 120 h in BGJ medium (Gibco) supplemented with bovine 
serum albumin (2 mg ml™*) or 5% heat-inactivated fetal calf 
serum. PTH and other stimulators of bone resorption were 
added to culture dishes containing two long bones in 0.5 ml 
medium. Corresponding paired bones from the opposite limb 
were cultured in control media. Bone resorption was quantified 
by measuring the percentage of total *°Ca released from the 
two bones into the medium during the culture period. Media 
taken from the stimulated and control bones were tested as 
potential attractants for human monocytes using both the 
Boyden chamber apparatus’? and the technique of monocyte 
chemotaxis under agarose’. 

Mononuclear cells’ were obtained from normal platelet- 
pheresis donations from the Connecticut Red Cross, Farming- 
ton’, The leukocyte-rich buffy coat was separated from red 
cells and platelets by adding 5 ml 6% dextran and allowing 
the red cells to sediment by gravity. The buffy coat contained 
about 85% lymphocytes and 15% monocytes. Few poly- 
morphonuclear leukocytes were present. The cells were 
suspended in BGJ medium at a concentration of 2.5 X 10° cells 
ml~* and added to the upper compartments of modified 
Boyden chambers’. The Boyden chambers were incubated in 
an atmosphere of 5% CO, and air at 37 °C for 4h, after which 
the filters were removed, fixed, stained with haematoxylin, and 
examined by light microscopy (250x magnification), Two 
types of Micropore filters were used, polycarbonate filters with 
uniform diameter linear pores of 5 um diameter (Nucleopore) 
and nitrocellulose filters which have convoluted pores of 8 um 
diameter (Schleicher and Schuell). Chemotactic activity was 
expressed as the number of cells which migrated into the filter 
in six random microscopic fields. 

Table 1 shows the relative migration of mononuclear cells 
from the upper compartment of the Boyden chambers towards 
media from control or PTH-treated bones in the lower 
compartment. PTH in maximal doses caused more than 60% 
bone resorption as indicated by *°Ca release. Media taken from 
the PTH-resorbed bones clearly attracted mononuclear cells 
into the membrane filters compared with media taken from the 
control bones and control media (Table 1). This effect was not 
due to PTH because when PTH-containing media which had 
not been cultured with bone was added to the lower compart- 
ment, there was no chemotactic effect (Table 1). In another 
experiment, PTH was added to media taken from bones 
cultured in control media, but again there was no increased 
chemotactic effect compared with control media alone, or 
contro] media cultured with bones for 120 h (data not shown). 


The chemotactic activity of the resorbed bones was similar to 
that of two known powerful chemotactic agents, the leucotactic 
fractions obtained from zymosan-activated serum and the 
chemotactic factor produced by E. coli. Bacterial factor was 
obtained from overnight culture fluid of rapidly replicating E. 
coli cultures (WHO strain 16). The bacteria were removed by 
centrifugation and the factor was diluted 1/5 before use. 
Leukotactic fragments were obtained from serum by incuba- 
tion with 10 mg zymosan per ml of serum at 37°C for 1h. 
When media from PTH-resorbed bones was added to the 
upper compartment or to both upper and lower compartments, 
there was no increase in movement of cells into the filters. 
Thus, increased movement of human monocytes into the 
membrane filters in response to resorbed bone media could not 
be ascribed to increased random cell migration. 

The cells which were placed in the upper compartment of the 
Boyden apparatus at the beginning of the chemotaxis experi- 
ments were predominantly lymphocytes (85%). There were a 
smaller number of monocytes (15%) and polymorphonuclear 
leukocytes (<1% ) (Fig. 1a). On the underside of the filter, only 
monocytes were observed (Fig. 15). Thus, these experiments 
show that the chemotactic effect was directed towards mono- 


cytes and not lymphocytes or polymorphonuclear leukocytes. 
The absence of any effect on polymorphonuclear leukocytes 


Table 2 Effect of different mediators of bone resorption on monocyte 
chemotaxis in Boyden chambers, using nitrocellulose filters with a pore 


sıze of 8 um 
Chemotactic sample Bone 
resorption* Chemotactic 
(% *"Ca release) activityT 
PTH (400ngml~') bone 
media 45+ 8f 48+ 2t 
PGE, (107 7M) bone media 32+2¢ 38+2t 
1a@,25(OH}D (10°*M) bone 
media 62+4t §523t 
Control bone media 22+1 3242 
Dead bone media 14+0-4 2942 
Bacterial factor §223¢ 


* Values are means +s.e.m. for 6 pairs of bones 

t Chemotactic activity is expressed as the mean number of monocytes 
(+s e.m.) migrating into the filter per high power field (250%). 

+ Significantly greater than control bone sample (P < 0.05) 
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was confirmed by adding polymorphonuclear leucocytes alone 
to the upper compartment of the apparatus with resorbed bone 
media in the lower compartment. Although this PTH-treated 
bone media was actively chemotactic for monocytes, there was 
no increased chemotactic effect on polymorphonuclear leuko- 
cytes. 

In another experiment, bones were incubated with two other 
humoral stimulators of bone resorption, 1,25-dihydrochole- 
calciferol and prostaglandin E, (Table 2). Media taken from 
these resorbed bones were also chemotactic for monocytes. 
There was a correlation between the extent of bone resorption 
and the chemotactic activity (Table 2). Thus, monocytes are 
attracted by media taken from resorbed bones independent of 
the humoral mediator of bone resorption. 

The chemotaxis of monocytes towards resorbed bone prod- 
ucts was also demonstrated using the technique of chemotaxis 
under agarose’’. In this method the cells migrate under semi- 
solid media in a tissue culture dish towards the adjacent 
chemotactic factor. A 10-ul aliquot of cell suspension 
(containing 10° cells) was placed in the centre well and four 
19-d foetal rat radii and ulnae were placed in each outer well. 
In some dishes, PTH was added to the agarose-containing 
medium to stimulate the bones to resorb. Control dishes 
contained killed bones or unstimulated live bones. At the end 
of an 18-h incubation period in 5% CO, and air at 37°C. the 
cells were fixed with absolute methanol followed by formalin, 
and stained with Wright’s stain. Migration was quantified by 





Fig. 1 a, Wright's stain of human leukocytes applied to upper 
compartment of Boyden chamber apparatus (250x). These cells 
were predominantly lymphocytes with a small number of mono- 
cytes and polymorphonuclear leukocytes. b, Wright’s stain of cells 
which migrated through the membrane filter in response to 
resorbed bone products (250x). All of the cells observed were 
monocytes in spite of the mixed cell population added to the 
opposite (upper) compartment. The small circles are the pores in 
the polycarbonate filter. 
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Fig. 2 Pattern of differential migration of human mononuclear 
cells in response to resorbing bones using the method of chemo- 
taxis under agarose , Resorbing bones were in the outer well and 
the leukocytes (10° cells in 10 ul) were placed in the inner well. 
PTH (400 ng/ml) was added to the agarose medium. Distance A 
is the distance the cells migrated from the edge of the inner well 
towards the resorbing bones. Distance B represents spontaneous 
migration. The cells which migrated toward the bones in the outer 
well were monocytes. 


projecting the pattern on to a white background and measuring 
the linear distance the cells had migrated toward the bones. In 
those dishes in which PTH was present, the bones were visibly 
resorbed and there was linear movement of the cells towards 
the wells containing the bones (Fig. 2). There was no elliptical 
ring of cells in dishes without PTH or in dishes which contained 
dead bones. The front advancing towards the resorbed bones 
comprised over 95% monocytes by light microscopic 
appearance. 

The chemical nature of the factor or factors released by bone 
which is chemotactic for monocytes awaits further study. Small 
molecular weight factors such as calcium cannot account for 
these chemotactic effects since medium taken from PTH- 
treated bones did not lose chemotactic activity after dialysis. It 
is more likely that a fragment or product of bone matrix diges- 
tion is responsible. Postlewaite and Kang’? have found that 
collagen-peptide fragments of chick and human skin collagen 
obtained by digestion with cyanogen bromide and pepsin or 
collagenase were chemotactic for monocytes but not for poly- 
morphonuclear leukocytes. However. skin collagen differs 
chemically from bone collagen and whether similar chemotac- 
tic peptides are released during the bone resorption process is 
unknown. 

The attraction of monocytes to bone resorbing margins 
may be of both physiological and pathological importance. 
Mononuclear cells are often found adjacent to bone-resorbing 
surfaces. Their role in vivo is unknown but it is possible that 
they participate in the bone-resorbing process because they are 
capable of resorbing bone in vitro'. In addition. there is strong 
circumstantial evidence that osteoclasts. the major bone- 
resorbing cells, are derived from circulating mononuclear 
cells*’. Thus, whether monocytes are precursors of osteoclasts 
or are bone-resorbing cells themselves, or both, the control of 
their movement to active bone margins may be a process of 
fundamental importance in bone resorption. 
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Loss of immunoreactivity 
in long-term bone marrow culture 


WE have developed a long-term bone marrow culture system in 
which proliferation and differentiation of apparently function- 
ally normal haemopoietic stem cells (CFU-S) can be sustained in 
vitro for several months'*, We now find that genetic resis- 
tance”’® or host-versus-graft (H-v-G) reaction, the (possibly) 
related natural killer (NK) cell activity’' and the ability of 
cultured cells to reconstitute irradiated allogeneic (non-compa- 
tible) recipients (with the subsequent development of G-v-H 
disease’) are all absent from such cultured cells. 

The maintenance of stem cells in vitro seems to depend on 
prior establishment of populations of marrow derived adherent 
cells (including endothelial cells, large, fat-containing cells and 
macrophages) which we speculate provide a suitable microen- 
vironment necessary for sustained haemopoiesis~”. When such 


adherent layers are seeded with freshly isolated syngeneic or 


allogeneic marrow’, the stem cells migrate into the adherent 
layer and undergo extensive self-renewal, liberating cells into 
the growth medium’. Such cells can be collected and assayed at 
weekly intervals, and allow monitoring of events occurring in the 
cultures. Concomitantly with self-renewal, stem cells undergo 
differentiation to a variety of progenitor cells, including CFU-C 
(granulocyte/ peace oy progenitors) and CFU-M (mega- 

precursors)’. While subsequent development of 
BFU-E into mature erythroid cells does not occur in the culture 
system, it maintains maturation of CFU-C and CFU-M into 
mature granulocytes/macrophages and megakaryocytes 
respectively’’’. No B- or T-lymphocytes are detected after the 
first week, although recent work indicates that a precursor cell, 
‘specific’ for lymphopoiesis, is present even after several weeks". 
This system has now been used to study the mechanisms under- 
lying the phenomenon of bone marrow transplantation resis- 
tance. 

When limited numbers of bone marrow cells from certain 
parental mice, for example C57B1/6, are injected into irradi- 
ated BDF, hybrids (C57BL/6 x DBA/2) a rejection mechanism 
ensures the killing of these cells within the first 1~2 days””°. This 
“genetic resistance’ is determined not by the H-2 antigens, but 
by non-codominantly inherited haemopoietic histocompatible 
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Table 1 Maintenance of stem cells (CFU-5) in allogeneic bone marrow 
chimaeras im vitro 


ie a a a NN TT NO 


Cells inoculated CFU-S 

Adherent layer BDF, C57BL/6 maintenance 
3DF; C57BL/6 
BDF, 1:1 >35 weeks > 5 weeks 
19 >5 weeks >5 weeks 
9.1- >5 weeks > 5 weeks 
19:1 >5 weeks >5 weeks 
1.19 >5 weeks >5 weeks 





Adherent layers established from BDF; femoral marrow’ were re- 
inoculated after 3 weeks with 10 ml of growth medium containing 
different ratos of BDF,:C57BL/6 bone marrow cells, to a final 
concentration of 10° nucleated cells per ml The cultures were then fed 
at weekly intervals’ and the non-adherent cells assayed for CFU- S?! in 
BDF, and C57BL/6 recipients respecti~ely It had previously been 
established that at the cell numbers injected cultured C57BL/6 CFU-S 
would not form spleen colonies in BDF, mice and vice versa. 


antigens (present on the surface of primitive haemopoietic cells) 
and Ir genes, which determine the responsiveness. The cell-type 
involved in the rejection process seems to be bone-marrow 
derived, and shares properties in common with macrophages”®. 
Previous work showed that the BI°F,-derived bone marrow 
adherent layers would support the growth of semi-allogeneic 
C57BL/6 parental stem cells* and it was suggested that either 
the effector cell involved in genetic -esistance was not present 
within the adherent layer population, or that the effector cell 
system had been ‘swamped by inocuBtion of excessive numbers 
of target cells. In more recent work, we have shown that a BDF; 
adherent layer will support the growth of very low numbers of 
semi-allogeneic stem cells. Using putlished procedures“ BDF, 
marrow cells were allowed to form en adherent layer for three 
weeks at which time all the growth medium was removed, and 
the adherent layer gently washed with growth medium. The 
cultures were then reconstituted with 10 ml of growth medium 
containing various ratios of BDF; : C£7BL/6 bone marrow cells, 
at a final concentration of 10° cells per ml. The results (Table 1) 
show that irrespective of the cell combination used, there is 
always extensive proliferation and dafferentiation of both stem 
cell populations (in some experiments it has been possible to 
show proliferation of three or even four bone marrow stem cell 
chimaeras in vitro) and no evidence cf rejection of the relatively 
low numbers of semi-allogeneic stern cells was observed. 

When equal numbers of freshly isolated BDF; and C57BL/6 
bone marrow cells were mixed, ard allowed to establish an 
adherent layer before inoculation with DBA/2 bone marrow 
cells, stem cell proliferation was also >bserved—direct mixing of 
semi-allogeneic or allogeneic marrcw cells did not inhibit the 
capacity of the adherent layer formed to support haemopoiesis, 
indicating also that the important milieu producing cells are not 
destroyed in such circumstances. 

The clear association between effector cells involved in 
genetic resistance and natural killer (NK) cells’! led us next to 
examine NK activity in these cultures (Table 2) The activity in 
freshly isolated marrow cells was adpreciably lower than that 
seen with spleen cells, but culture of either spleen or bone 
marrow cells resulted in a rapid decline in activity—falling to 
levels not significantly above the: background within 24h 
following spleen cell culture. The loss of NK cell activity in the 
cultures, and the lack of response against allogeneic marrow 
grafts, supports the contention that similar effector cells are 
involved in both phenomena. Interestingly, resistance to certain 
leukaemia viruses and tumour cells has also been shown to be 
mediated by cells having characteristics in common with NK 
cells and host-versus-graft effector cells, suggesting that there 
may be a common effector cell'’“*’*. Yet, in studies with 
leukaemia virus infection of long-term bone marrow cultures, 
we have demonstrated the continued maintenance of resistance 
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Cultured spleen 


Normal non-adherent cells 
Effector: spleen 24h 
target cell Expt Expt 
ratio l 2 1 2 
190:1 27.0 30.7 2.8 1.9 
50:1 13.7 16.7 1.9 1.0 
ased 9.4 7,7 17 11 


Table 2 NK cell activity in normal or cultured spleen and bone marrow cells (BDF, mice) 
AEREE S te ee NID ray se E Soe RC AI a 
Cultured spleen 

non-adherent+ 


Nature Vol. 275 14 September 1978 





adherent cells Cultured spleen Cultured 
24h non-adherent + Normal bone 
Expt adherent cells bone marrow 
l Pi 7d marrow 7d 
1.1 2.3 6.8 12.0 33 
12 -11 Bue 6.5 0.8 
Ld 1.5 6.0 3.4 0.0 


ne 

Spleen cultures were established by inoculating 10” spleen cells into culture flasks containing 10 ml of growth medium’. Various times later the 
non-adherent cells were collected and assayed separately, or as a mixture, with the adherent cells for NK activity. Bone marrow cultures were 
established in the conventional way’ and assayed 7 d after inoculation of the second bone marrow population. NK cell activity was measured by the 
cytotoxicity of spleen or bone marrow cells against °'Cr labelled K562 human CML in blast crisis target cells. 10° K562 and varing numbers of effector 
(marrow or spleen) cells were incubated overnight and the *'Cr release from the cells measured according to published procedures’’. Similar results 


were Obtained when YAC-1 target cells were used. 


in vitro’®'’, The cell type involved in this type of resistance, 
therefore, seems to be distinct from NK cell or H-v-G activity. 

The possibility that cultured stem cells could be used to 
reconstitute the haemopoietic system of irradiated allogeneic 
mice, without the development of H-v-G disease, was indicated 
by our finding that T lymphopoiesis was not maintained in the 
cultures (since T lymphocytes are the effector cells involved in 
the H-v-G response’*). Figure 1 demonstrates that 90% of 
BDF, mice, injected with normal C57BL/6 bone marrow cells, 
died within 70 d post reconstitution. On necropsy the mice had 
grossly enlarged spleens indicative of G-v-H disease”? At this 
time only 20% of mice reconstituted with cultured C57BL/6 
stem cells had died—with most of the deaths occurring in the 
first 4 weeks after reconstitution. At 120 d after reconstitution, 
some mice from this group were sacrificed, and the femoral 
marrow cells were assayed for CFU-S using irradiated BDF, and 
C57BL/6 mice as recipients. Spleen colonies developed only in 
the latter strain, showing that the cultured C57BL/6 marrow 
cells had indeed reconstituted the original BDF, recipients. 
Injection of cultured bone marrow cells, therefore, gives a 
situation analogous to that seen following reconstitution of 
irradiated mice with marrow cells which have been selectively 
depleted of T lymphocytes by immunological techniques’*””. 


‘ig. I Survival of irradiated BDF, mice reconstituted with 
normal (@) or cultured (©) CS7BL/6 bone marrow cells. C57BL/6 
bone marrow adherent layers, established for three weeks, were 
‘re-charged’ with 10’ C57BL/6 bone marrow cells. The cultures 
were fed weekly by demi-depopulation. Two and three weeks later, 
the cells were collected and 5 x 10°-10’ cells containing approxi- 
mately 750-1,500 haemopoietic stem cells or CFU-S*’ were 
injected into trradiated (800 rad X rays) BDF, mice. Control mice 
received 5 x 10°10’ freshly isolated (not cultured) CS7BL/6 bone 
marrow—containing approximately equal numbers of CFU-S. 

Each group comprised 40 animals. 
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The significance of the present observations lies in the possi- 
bilities of establishing human cultures using allogeneic bone 
marrows and the potential of exploiting such cultures for the 
production of stem cells for marrow transplantation purposes 
(without the disadvantages of developing G-v-H disease). 
Furthermore, the absence of mature B, T and NK cells, in the 
murine system is allowing work on the genesis of these cells from 
the pluripotent haemopoietic stem cell. 

This work was supported by the MRC and the Cancer 
Research Campaign. T.M.D. is a Cancer Research Campaign 
Fellow. 
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Hepatic glucocorticoid 
receptors and the H-2 locus 


VARIOUS inbred strains of mice exhibit different degrees of 
susceptibility to both spontaneous and glucocorticoid-induced 
cleft palate'*, and specific genetic and biochemical factors that 
may be responsible for these differences have been identified. 
At the genetic level, variations at the H-2 locus have been 
associated with susceptibility to glucocorticoid-induced cleft 
palate**, while at the biochemical level, evidence suggests that 
numbers and characteristics of glucocorticoid receptors in 
murine embryonic facial mesenchyme cells differ in the various 
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strains. Specifically, Salomon and Pratt showed that facial 
mesenchyme cells cultured from fetuses of the A/J strain (which 
is highly susceptible to glucocorticoid-induced cleft palate) 
contain twice as many glucocorticoid receptors as do such cells 
from C57BL/6J, a low susceptibility strain’. They also reported 
_ that the glucocorticoid receptor of the A/J strain has a lower 
affinity for dexamethasone (Kp = 1-7 x 107° M) than does that 
of the C57BL/6J strain (Kp =7.9 107° M) (ref. 5). In an 
attempt to relate steroid receptor activity to H-2 haplotype, 
Goldman et al. used >H-cortisol and isoelectric focusing to study 
glucocorticoid receptors in facial mesenchyme cells of these and 
several other strains®. They concluded that “a product of a gene 
in or near the H-2 locus seems to be the glucocorticoid receptor, 
the level of which must be increased for a congenital malfor- 
mation to occur’. Such conclusions must be questioned, 
however, because the experimental procedure required micro- 
electrofocusing of isolated protein-cortisol complex for 40h. 
Receptor binding is reversible, and in the absence of free 
steroid, the half life of the receptor—cortisol complex is only 
about 1 h at 0 °C (ref. 7). It is unlikely that a peak of radioactivity 
detected by isoelectric focusing after 40 h represents binding to 
a specific receptor. Thus an association between H-2 haplotype 
and glucocorticoid receptor activity has not been established 
definitively. However, the possibility that H-2 might determine 
hormone receptor levels or characteristics ıs exciting. We have 
explored the relationship between H-2 and glucocorticoid 
receptors by examining the level of specific glucocorticoid- 
binding activity in liver cytosols prepared from different mouse 

Liver is suitable for such studies because liver cytosol pre- 
parations tend to have a relatively stable glucocorticoid-binding 
activity®®, while unbound glucocorticoid receptor molecules 
undergo rapid, temperature-dependent inactivation in most 
other cell-free systems. The liver is also well characterised as a 
target of glucocorticoid action, and H-2 is expressed in this 
organ’®. Thus an effect of H-2 haplotype on the amount or 
affinity of specific glucocorticoid binding should be observed in 
this tissue. We examined specific glucocorticoid binding in the 
two strains studied by Salomon and Pratt, A/J (high suscep- 
tibility) and CS7BL/6J (low susceptibility), as well as in the two 
H-2 congeneic lines A.BY and B10.A. 

Because glucocorticoid-receptor inactivation is greatly 
accelerated at elevated temperatures’, we took care to prepare 
and maintain the liver cytosol at 0 °C. Adult males were killed by 
decapitation. Livers were removed and chopped on glassine 
paper over dry ice, weighed and transferred to a chilled homo- 
geniser. Four volumes of ice-cold buffer (10 mM Tris, pH 7.35, 
0.1 mM EDTA) were added and the tissue was homogenised on 
ice with nine strokes of a motor-dnven Teflon pestle. The 
homogenate was centrifuged at 35,000g for 30 min, the super- 
natant was removed and assayed for glucocorticoid-binding 
activity. 

Figure 1 shows binding of *H-TA to the macromolecular 
component of liver cytosol as a function of free steroid concen- 
tration for the A/J and C57 strains. Nonspecific binding (bind- 
ing of *H-triamcinolone acetonide (TA) in the presence of an 
excess of cold dexamethasone) is the same in both strains, 
whereas total binding is significantly higher in A/J. Specific 

‘binding (total less nonspecific, upper inset, Fig. 1) is about twice 
as high in A/J as it is in C57. Scatchard plots of the data (Fig. 1, 
lower inset) suggest a single class of high-affinity binding sites. 
The initial slopes, representing specific binding, are approxi- 
mately equal, giving an apparent Kp of 1-8 x 10“ M for both the 
A/J and C57 strains. Expenmentally determined values for 
specific binding and apparent dissociation constants can be 
affected significantly by inactivation of the unbound receptor. 
Rates of receptor inactivation must be similar in cytosol pre- 
parations from the two strains before values for dissociation 
constants and specific binding can be usefully compared’!. 
Figure 2 shows the decline of specific binding activity observed 
when liver cytosol 1s incubated in the absence of free steroid for 
increasing periods. Rates of inactivation of unbound receptors 
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Bound tnamcinolone acetonide (pmol per mg of protein) 


0 20 40 60 80 100 
(Tnamcinolone acetonide] (M x 10°) 


Fig. 1 Binding of `H-TA presented es a function of free steroid 
concentration Samples of 0.2 ml of liver cytosol were incubated in 
a total volume of 0.5 ml for 22 h at 0 °C with various concentrations 
of °H-TA (21 6 Ci mmol™’) in the presence of vehicle or a high 
concentration (5X107°M) of competing, nonradioactive 
dexamethasone. The bound steroid was separated from the free 
compound by passage through columns (1cmx22cm) of 
Sephadex G-25 with an elution buffer of 0.01 M Tris (pH 7.35), 
0.04 M KCl. The columns were run at 4 °C. Fractions (1 ml) were 
collected and the macromolecular peak was identified by the 
presence of blue colour resulting from zhe addition of two drops of 
a solution of blue dextran to each semple immediately pnor to 
application to the column. Each point represents the binding 
expressed as pmol bound per mg cf protein. Binding in the 
presence of vehicle: W, A/J, @, C57BL/6J, binding in the presence 
_of nonradioactive dexamethasone (ncnspecific binding); C A/J; 
O, C57BL/6J. The upper inset shows specific binding (total minus 
nonspecific) for each strain. Bound TA. (pmol per mg of protein) 1s 
plotted against unbound TA (Mx10*) The lower inset presents 
Scatchard plots of the binding in the presence of vehicle. The ratio 
of bound to unbound TA is plotted against bound TA (Mx 107°). 


are the same ın both strains. These rates and the observed levels 
of glucocorticoid binding were not affected by dithiothreitol. 

To determine whether or not differences in glucocorticoid- 
receptor activity observed in the two strains are mediated by the 
H-2 locus, activities of glucocorticoid receptors in the two 
congeneic lines, A.BY and B10.A, were determined. A.BY has 
the H-~2°-region of the C57 straim placed on the A genetic 
background, while B10.A has the C57 background, but the A/J 
H-2*-region. The results are shown in Table 1. The mean 
specific binding capacities in the four strains are significantly 
different (P <0.002), however the difference is due to genetic 
background (P <0.001) and not H~2 (P = 0.99). There is some 
possibility of an H-2 x background interaction effect (P = 0.10), 
which in this case would mean that the effect of genetic back- 
ground on levels of glucocorticoid receptors is more pronounced 
in the presence of the H-2°-haplotype than in the presence of 
the H-2*-haplotype. 

Thus we have shown that (1) rates of glucocorticoid-receptor 
inactivation are the same in both A/J and C57BL/6J mice; (2) 
affinities of the receptors for TA are the same in both strains; (3) 
A/J has approximately twice as meny glucocorticoid receptors 
as C57BL/6J, and (4) this difference is not determined by 
variations at the H-2 locus. 

It is interesting to compare our results with what is known 
about spontaneous and glucocort.coid-induced incidence of 
cleft palate in these strains. The incdence of cortisone-induced 
cleft palate in A/J is 100%, in B10 A, 81% and C57, 21% (ref. 
4), which corresponds in rank order to the observed levels of 
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Table 1 Relationship of specific glucocorticoid-binding capacity to 
H-2 and genetic background 





Background Haplotype 
H-2" H-2? 
A/J A. BY 
A 1.29 1.49 
+0.11 +0.16 
(10) (9) 
BIG.A C57Bi 
0.99 0.83 
ae +0.10 +0.09 
(9) (10) 





Incubations (0.5 ml) containing liver cytosol and 6 x 10°" M°H-TA in 
the presence of vehicle or nonradioactive competing dexamethasone 
were maintained for 3h at 0°C. Specifically bound steroid was deter- 
mined as outlined in the legend to Fig. 1. The numbers represent mean 
specific binding (pmol of “H-TA bound per mg of cytosol protein)+ 
standard error for each of the four strains. Specific binding was deter- 
mined in duplicate for each animal. The number of animals used to 
determine each mean is given in parentheses. 


glucocorticoid receptors in these strains. The steroid-induced 
frequency of cleft palate in A.BY was not studied, but in our 
laboratory it has the highest spontaneous incidence of cleft 
palate of all four strains (19, 3, 0 and 0% for A.BY, A/J, B10.A 
and C57, respectively). Because A.BY also has the highest level 
of steroid receptors, glucocorticoid receptor levels may be an 
important determinant of susceptibility to spontaneous cleft 
palate in mice. 

Although susceptibility to glucocorticoid-induced cleft palate 
has been shown to be partially controlled by H-2 haplotype, 
these data demonstrate that the level of hepatic glucocorticoid 
receptors is determined by other genetic differences between the 
strains. Whether the factors controlling the levels of binding 
activity in liver reflect those that operate in the mesenchymal 
cells of the fetal palate is of course open to question. We observe 
the same difference in glucocorticoid binding capacity in liver as 
was seen by Salomon and Pratt in cultured fetal facial mesen- 
chyme cells. This strongly suggests that the observed genetic 
control of receptor levels is not tissue specific. Our data, unlike 
theirs, do not suggest different affinity constants for the recep- 
tors in the two strains. Differences in binding capacity between 
the strains could arise from differences in the rates of receptor 
synthesis or degradation, or as has been suggested'?”’*, 
differences in rates of receptor activation and/or inactivation. 
Given the equivalent rates of inactivation presented in Fig. 2, 
the latter does not seem to be likely in this case. 


Fig. 2 Unbound-receptor inactivation at 0°C. Liver cytosol was 
incubated at 0°C in the absence of labelled steroid for various 
times, after which saturating levels (6 x 1078 M) of 3H-TA were 
added in both the presence and absence of an excess of cold 
dexamethasone. Specifically bound steroid was determined as 
described in the legend to Fig. 1. W, A/J; O, C57. 


109 


+ 


e pm. specifically bound x 107 


0 { 2 3 4 5 
Time {h} 


0028-0836/78/0275—0138$01,00 


Nature Vol. 275 14 September 1978 

Although H-2 is not the locus of prime importance in deter- 
mining levels of hepatic glucocorticoid receptors in these strains, 
it may still be possible, using recombinant inbred lines, to 
identify specific loci which do regulate levels of glucocorticoid 
receptors. It may be particularly informative if lines with high 
levels of receptors and low susceptibility to glucocorticoid- 
induced cleft palate could be found. 
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Effect of L-triiodothyronine on 
(—)*H-dihydroalprenolol 

binding and cyclic AMP response 

to (—)adrenaline in cultured heart cells 


MANY physiological responses of the cardiovascular system to 
thyroid hormone seem to reflect altered sympathetic activity. 
The effects of thyroid hormones on the heart are very similar to 
those induced by catecholamines and the possible interrelation- 
ship of these substances on myocardial function has been 
explained by an interaction at various levels. These include 
effects on altering catecholamine release from the sympathetic 
nervous system’”, and modifying plasma catecholamine con- 
centrations’”, as well as tissue catecholamine content and 
responses’™*. Although several investigators have attempted 
to define an action of thyroid hormone and its possible role 
in potentiating the catecholamine response, the mechanism 
responsible for this modification has not been clarified. We have 
reported previously that physiological concentrations of L-tri- 
iodothyronine (T;) stimulate the rate of glucose metabolism in 
cultured heart cells prepared from newborn rats’. We now 
demonstrate here that cultured heart cells retain the charac- 
teristic of response to B-adrenergic stimulation and that this 
response seems to be influenced by T3. 

The heart cells were prepared as described previously™ °. The 
trypsinised cells were inoculated into 25-cm’ plastic T-flasks 
(Falcon) at densities of approximately 200,000 cells cm `^ and 
then grown in Ham’s medium (Gibco) supplemented with 10% 
fetal calf serum (FCS) at 37 °C (95% air, 5% COs). 

Catecholamine action seems to involve activation of adenyl- 
ate cyclase, which then leads to an increase in the intracellular 
concentration of cyclic AMP'’. Therefore we examined the 
cyclic AMP response to (—)adrenaline and the inhibitory effect 
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Fig. 1 Dose-response relationship of a, (—)adrenaline stimule- 
tion of cyclic AMP production and b, (~)alprenolol inhibition of 
the (—)adrenaline-induced cyclic AMP response in the cultured 
heart cell. a, After 5 d growth of the culture, the culture flasks were 
partially submerged in a water bath at 37 °C for 2 min, to enable 
there to be precise temperature control during the experiment The 
upper surface of the flasks was then opened with a haemostat. 
Various concentrations of (—)adrenaline tartrate (Sigma) dis- 
solved in Ham’s F-10 medrum was added to the culture media. 
After a 2-min incubation, the media were aspirated and 1 ml of 
10% ice-chilled trichloroacetic acid (TCA) was added. The cellular 
material was then removed using a rubber policeman at 4 °C and 
the samples were centrifuged at 2,000g for 15 min. The cell TCA 
precipitates were analysed for DNA by the method of Burton”, 
and the supernatant was used for cyclic AMP assay by a 
modification of competitive binding method of Gilman?’ The 
concentration of (—)adrenaline which induced a half-maximal 
cyclic AMP response was 0.2 uM; above a concentration of 1 pM, 
(—)adrenaline induced a maximal cyclic AMP response. b, Block- 
ing effect of (—)alprenolol on (—)adrenaline-induced cyclic AMP 
production in a dose-related fashion. Various concentrations of 
(—yalprenolol were added to the culture for 30 min before the 
addition of (—)adrenaline (14M). The concentration of 
(—)alprenolol which gave half-maximal inhibition was approx- 
mately 0.27 uM. 


of the catecholamine antagonist, (—)alprenolol, on the heart cell 
cultures. (—)Adrenaline bitartrate at 1 uM, induced a sixfold 
increase in intracellular cyclic AMP within 2 min of incubation, 
which subsequently declined to a plateau higher than the basal 
level for up to 30 min. The intracellular cyclic AMP in cultured 
heart cells responds to (—)adrenaline in a dose-related fashion; 
at concentrations greater than 1 uM, (—)adrenaline induces a 
maximal response (Fig. 1a). This response of cyclic AMP can be 
antagonised effectively by (—}alprenolol, which is a potent 8- 
adrenergic antagonist, also in a dose-dependent fashion (Fig. 
15). The effect of preincubation of the cells with various 
concentrations of (—)\alprenolol for 30 min before induction of 
cyclic AMP by (—)adrenaline was studied. (~)Alprenolol at 
concentrations greater than 1 uM completely inhibited the 
adrenaline-induced cyclic AMP response, indicating that the 
cultured heart cells: possess a biologically responsive g- 
adrenergic receptor. 

It is generally felt that the physiological action of cate- 
cholamine agonists which result in an increase of intracellular 
cyclic AMP are mediated by a -adrenergic receptor’?. Binding 
sites with the specificity of 8-adrenergic receptor determined by 
(—YH-dibydroalprenolol binding have been identified in avian 
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and amphibian e es) human lymphocytes’, and 
canine myocardium’’. We have also demonstrated that specific 
binding of (~)*H-dihydroalprenolol to cultured heart cells was 
very rapid at 37°C, attaining equilibrium within 5 min. This 
binding can also be displaced equally rapidly by catecholamine 
agonists and antagonists. 

We have examined the influence of T, on -adrenergic 
responses, by measuring (—)’H-dihydroalprenolol binding and 
the cyclic AMP response to (—)adrenaline. The heart cells were 
grown first in regular growth medium and then this was replaced 
with Ham’s F-10 medium supplemented with 10% hypothyroid 
calf serum. The cells remained in the second medium for 24 h, in 
order to deplete thyroid hormone. The culture medium was then 
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Fig. 2 Effect of L-triiodothyronine on (—)’H-dibydroalprenolo! 
binding (upper), cyclic AMP response (—)adrenaline (lower). The 
heart cell cultures were prepared as descnbed in the text T, at 
50M was added to one group of flasks. At the tumes indicated, 
(~P'H-dihydroalprenolol binding and the cyclic AMP nse to 
(—)adrenaline (1 M) were measured. For study of (—)H-dihy- 
droalprenolo!l binding, the cells were scraped off the flasks with a 
rubber policeman and then washed twice with 10 ml of 0 145M 
NaCl by centrifugation The cells were suspended in 50 mM Tris- 
HCl buffer (pH 7.4 at 25°C) containing 10nm MgCl Binding 
studies were carried out by incubating the cells (equivalent 12- 
18 ug of cell protein per tube) at 37°C with 800M of (—)°H- 
dihydroalprenolol (NEN, 32.5 Ci mmol!™’) in e total volume of 
150 pl of incubation buffer. This concentration of (—)°’H-diby- 
droalprenolol gives maximal binding ın the culture heart celk. The 
incubation was terminated by addition of 2 ml of ice-chilled buffer 
solution, followed by rapid vacuum filtration through Whatman 
GF/C glass fibre filters with a Millipore sampling manifold. The 
filters were then washed with 12 ml of 1ce-chilled buffer and were 
dried overnight at room temperature The samples were counted 
with a Beckman liquid scintillation spectrometer with Aquasol 
solution (NEN). Nonspecific binding wes determmed by measunng 
the amount of radioactivity retained in the presence of a 10,000- 
fold excess of non-radiolabelled (—)alprenolol (Sigma). The 
specific binding illustrated represented the total minus the 
nonspecific binding. An aliquot of cell suspension from each 
experiment was analysed for DNA content by the method of 
Burton” and cellular protein by the method of Lowry et al ™. The 
cellular protein-DNA ratio was not affected by thyroid hormone 
during the period of expemments. After incubation for 24h, Ts 
induced a significant increase in the (—)'H-dihydroalprenolol 
binding and in the cyclic AMP response to (—Jadrenaline. A, With 
T, (5x10? M); @, without T}. 
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Fig.3 Effect of T, on a, (-Y H-dihydroalprenolol binding and b, 
{~ jadrenaline-induced cyclic AMP response. The cultured heart 
cells were incubated with medium containing various concen- 
trations of T; for 24 h and the (~)’H-dihydroalprenolol binding (a) 
and cyclic AMP response to 1M of {—)adrenaline (6), were 
studied simultaneously. T, affected both responses in a dose- 
related fashion. T, alone seemed to have no effect on the intracel- 
lular cyclic AMP level. @, With 1x107°M (—)adrenaline: O, 
without {~ adrenaline. 


altered a third time, by adding 5 nM of T; to one group of flasks. 
(This concentration of T, has been shown to induce the maximal 
rate of glucose metabolism in cultured heart cells’ and growth 
hormone production in cultured GH, cell system'®, a well 
established cell-culture system which is responsive to physiolo- 
gical concentration of thyroid hormone.) After 24 h of incuba- 
tion, T, induced a significant increase of (-—)'H-dihydroal- 
prenoiol binding on culture heart cells (Fig. 2). The cyclic AMP 
response to (—)adrenaline was similarly increased by T3. 

We next examined the influence of T, concentrations on 
(~)H-dihydroalprenolol binding and the cyclic AMP response 
to 1 aM (—)adrenaline, As shown in Fig. 3a, (~)’H-dihydroal- 
prenolol binding was increased by thyroid hormone in a dose- 
dependent fashion. The cyclic AMP response to (—)adrenaline 
was also enhanced by thyroid hormone in an identical fashion 
(Fig. 3b). The concentration of T, (0.3 nM) which resulted in a 
half-maximal stimulation of cyclic AMP by (— )adrenaline and a 
half-maximal increase in (~)’H-dihydroalprenolol binding is 
virtually identical. Cells incubated with 5nM of T, showed 
almost a twofold increase in (~)’H-dihydroalprenolol binding. 

L-Triiodothyronine does not affect cell growth as reflected by 
total cellular DNA or protein content of the cultured cells’. The 
increase in (~)°H-dihydroalprenolol binding therefore seems to 
be influenced selectively by T, and to be independent of total 
cell protein. The possibility cannot yet be excluded that T, may 
induce an alteration in membrane structure which cannot be 
measured in this study’”. Martin and co-workers reported the 
existence of a B-adrenergic receptor in 13-d-old fetal rat 
hearts”. Here we have demonstrated that the B-adrenergic 
response of cardiac tissue can be maintained in dispersed 
cultured condition and can be influenced by thyroid hormone in 
a dose-related fashion. Thyroid hormone has recently been 
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reported to increase the B-adrenergic receptor in rat myocar- 
dium `. The exact mechanism by which thyroid hormone 
regulates the B-adrenergic response requires further investiga- 
tion. 
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Possible plasticity 
in the rat superior colliculus 


THE potential for plasticity of the developing mammalian visual 
system has been the subject of several investigations'*. I have 
now explored the plastic relationship between different sensory 
modalities. The rodent superior colliculus was chosen as the 
model as it receives overlapping visual, somatic and auditory 
inputs’*. Electrophysiological comparison of dark-reared and 
normal rats suggests that the rat’s superior colliculus is suscep- 
tible to effects of sensory deprivation during its postnatal 
development. 

It has been shown in the mouse’ and the hamster* that many 
neurones in the intermediate and deep layers of the optic tectum 
receive nonvisual sensory inputs. They respond either to somatic 
stimuli from fur or whiskers on the contralateral half of the body 
or to complex sounds from the contralateral side. Some of these 
cells also receive visual inputs and thus have a bimodal response; 
more rarely, trimodal cells responding to all three sensory 
modalities are also encountered. Further, for cells in any one 
electrode penetration that is nearly normal to the collicular 
surface, there is general topographical correlation between all 
the visual, somatic and auditory receptive fields. 

In my study using black-hooded rats, I have compared 
normally reared (12 h light/dark cycle) and dark-reared rats for 
the relative abundance of the different types of single units in 
the superior colliculus. I adopted a double-blind procedure, in 
which the rearing condition of each animal was not revealed to 
me until I had completed recordings on all the rats. Twenty-nine 
rats (15 normal and 14 dark-reared), all approximately 20 weeks 
old and weighing about 300 g, were used in random order. Light 
deprivation was achieved by rearing the animals in a dark room 
and the only light they could have received until the time of 
recording was a few minutes of a red photographic light (<0.1 
im m`’) during cleaning of cages. 
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Table 1 Distribution of sensory cell types in the deeper layers of the superior colliculus of normal and light- Gepnee rats 





Visual Somatic Auditory 
Normal rats 104 85 9 
o (46.2%) (37.8% ) (4%) 
Light-deprived rats. 56 140 24 
(24. 5%) (61.1 % ) (10.5% 





Trimodal 
Bimodal neurones 
neurones {visual / 
Visual / Visual/ Somatic/ somatic/ 
somatic auditory auditory auditory) Total 
18 3 3 3 225 
(8%) (1.3%) {1.3%} (1.3%) (100% } 
2 9 ri Ea 229 
(0.9% ) (3.1%) (100% } 





The basic operatiiis and recording techniques were similar to 


‘jao -and Blakemore* for the hamster. Glass- 
coated tungste! roelectrodes with a tip length of 15-20 um 
were used and single units were identified by the usual criteria’. 
As the superficial layers of the tectum are densely packed with 
visual cells even in the dark-reared rats, I have attempted to 
include in my count cells from intermediate and deep layers 
only. The occurrence of changes* in the response properties to 
visual stimuli during an electrode penetration and prior 
histology indicated the approximate limit to the superficial 
layers to be 350 um below the collicular surface. However, all 
cells encountered below 200 um were included in the count. The 
surface of the superior colliculus was identified during the nearly 
surface-normal penetration by a characteristic change in the 
background noise, which responded to visual stimuli in the 
correct part of the visual field with a brisk hiss. The penetration 
was always continued to a depth of 2,200-2,500 jm, which was 
at least 500 pm beyond the last cell responding to a sensory 
stimulus. Histological reconstruction of the electrode tracks in 
some of the animals confirmed the reliability of our elec- 
trophysiological criteria for identifying the superior colliculus. 
All recordings were restricted to the parts of the superior 
colliculus whose visual field representation was between 40° and 
80° from the midline, with the blind axis monitored at 70°. This 
was necessary because, towards the caudal end of the colliculus, 
representing the temporal end of the visual field, there is greater 
nonvisual input even in the normal rat, and towards the rostral 
end of the colliculus, representing the nasal end of the visual 
field, there is greater visual input even in the dark-reared rat. 
When tested ophthalmologically before recording, none of the 
rats used showed any obvious difference from the controls. 
Table 1 shows the pooled results from 42 penetrations in 15 
normal rats and 40 penetrations in 14 dark-reared rats. It can be 
readily seen that the ratio of nonvisual cells to visual ones has 
increased markedly in the light-deprived animals. Further, there 
is an almost total absence of multimodal cells with visual inputs 
in these animals. The increase in the number of nonvisual cells 
can be either a relative one due to functional or anatomical 
dropping out of the visual terminals or may reflect an active 
take-over of collicular neurones by nonvisual sensory inputs. I 
have attempted to resolve this question by comparing the mean 
distribution of cell types per penetration between the two groups 
of rats. It can be seen from Table 2 that the mean number of cells 
in a single penetration having visual input has significantly 
(two-tailed test: P< 0.001) decreased in the dark-reared rats. 
Further, the mean number of cells with nonvisual sensory inputs 


those used by. 










Table 2 Mean distribution of cell types per electrode penetration in the 
superior colliculus of normal and light-deprived rats (+ s.d.) 


Cells with 
Cells with nonvisual 
visual inputs* sensory inputs? 
Normal rats 30413 2.9+1.9 
Light-deprived rats 1.5+1.0 4.3+2.1 





* Includes multimodal cells with visual inputs. 
t Includes multimodal cells with nonvisual sensory inputs. 
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di vaggesting an 
active process. This absolute increase in the: mber of 
neurones responding to nonvisual stimuli also makes 
likely that the reduction in the number of visually diven cellsi 8 
due to any shrinkage of these cells in the light- deprived rat. 
However, the contribution of any retinal effects of light 
deprivation® to the reduction in the number of recordable visual 
cells is an open issue. 

It may not be too speculative to suggest that, at birth, the 
sensory inputs to the superior colliculus from the different 
modalities are in a state of competition and in the absence of 
normal stimulation in one of these channels, the other modali- 
ties may come to influence a larger proportion of cells. It does 
not, however, follow that the discriminative ability of the soma- 
tic and auditory systems in the light-deprived rat are, compen- 
satively, better than, or even as good as that in the normal rat. 
The postnatal visual input may have a directive role in the 
development of the normal properties of the nonvisual and 
multimodal neurones of the optic tectum. In its absence, the 
somatic and auditory systems may in fact be permanently 
impaired. 

I thank Professor J. Cronly-Dillon and Drs J. Kulikowski, G. 
Perry and R. Abadi for comments, ard Mr B. Morrissey and Mr 
N. Ritchie for technical help. 
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Horizontal cells influence membrane 
potential of bipolar 
cells in the retina of the turtle 


BIPOLAR CELL responses to illumination of the surround have 
been thought to be mediated by hor:zontal cells’. However, it 
has been shown recently that the responses of bipolar cells to 
stimulation with an annulus of light are not suppressed by 
pharmacological blockade of horizontal cell activity, so alterna- 
tive mechanisms for the surround efect have been proposed’. 
The present experiments were performed to establish whether 
bipolar cells are in fact driven by horizontal cells, and whether 
the properties of such hypothetical mteraction can account for 
the surround responses of bipolar cells. 

Two intracellular microelectrodes were used simultaneously: 
one to pass current through the membrane of a horizontal cell, 
and the other to record the membrane potential of an adjacent 
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Fig. 1 Simultaneous recordings from L-type horizontal (he) and 
bipolar cells. Bipolar cells were centre-hyperpolarising (c.h.b.c) in 
a and centre-depolarising in d and e (c.d.b.c). a, Photoresponses to 
brief iHumination (25 ms, as indicated upper left) in the form of a 
spot, of 200 pm radius centred on the electrodes penetration site. 
The light source (2 x 10° ergcm “s, with wavelength between 
400 and 800 um) was attenuated by 3.6 log units. Note that the hc 
response is 25% of its maximal amplitude with bright light, while 
the c.h.b.c response has already reached the amplitude saturation 
level. 6, Computer-averaged recordings from the same c.h_b.c as in 
a, in darkness. Each record represents the average of 8 sweeps. The 
lower line represents the duration of the hortzontal cell artificial 
polarisation obtained with the current intensity indicated by the 
numbers at the right. The arrow in 1 points to the onset of the 
depolartsing response of c.h.b.c. c, Computer-averaged recordings 
from the same c.h.b.c as in a. Three superimposed averages of two 
photoresponses each, recorded without and with artificial horizon- 
tal cell hyperpolarisation, whose duration is indicated by the lower 
line. The arrows point to the onset of the c.h.b.c depolarising 
responses to current injections of the same intensities as in b. A 
spot of 500 um radius was used for illumination. Duration of 
illumination is indicated approximately by the onset and the reco- 
very phase of the c.h.b.s membrane potential. Light intensity as in 
a, d, Responses from a horizontal cell (hc) and a bipolar cell 
{c.d.b.c) to brief illumination (25 ms, as indicated at the upper left) 
in the form of a spot of 200 wm radius. Light attenuation was —3.6 
log units. e 1, Superimposed recordings, from the same c.d.b.c as in 
d, of the hyperpolarising responses (arrow) to artificial hyper- 
polarisation of the horizontal cell; e2, depolarising c.d.b.c respon- 
ses to artificial depolarisation of horizontal cell. Duration of cur- 
rent injection is indicated by the lower line. Numbers to the right 
refer to the intensity of injected current. Time and voltage cali- 
brations (100 ms, 5 mV) are indicated by the horizontal and verti- 
cal lines, respectively, shown as T symbols, at the right of each 
recording, from a to e. 


bipolar cell. The methods for intracellular recording and light 
stimulation have been described elsewhere”. 

Figure 1a shows the simultaneously recorded responses from 
an L-type horizontal cell and a centre-hyperpolarising bipolar 
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cell, identified according to criteria for turtle retina defined 
previously”*. The stimulating light, a spot of 200 um radius, was 
centred midway between the electrodes, which were about 
100 um apart. When hyperpolarising current was passed 
through the horizontal cell membrane, a sustained depolarisa- 
tion was recorded from the centre-hyperpolarising bipolar cells 
(Fig. 16(1)). Increasing the current induced a larger response 
and reduced latency (Fig. 16(2)). In this cell, the lowest detect- 
able response was evoked by injecting 1.7x10°° A, which 
produced an estimated —1.7 to —3.4 mV change of horizontal 
cell membrane potential (assuming a horizontal cell input resis- 
tance of 1-2 MQ). Similar results were obtained during illu- 
mination (Fig. lc), and the bipolar cell response to current 
injection disappeared when the electrode was withdrawn from 
the horizontal cell. On the other hand, centre-depolarising 
bipolar cells are hyperpolarised or depolarised, respectively, by 
passing hyperpolarising or depolarising currents through the 
horizontal cell membrane (Fig. le, 1 and 2). 

Thus, in contrast to the conclusions of Piccolino and Ger- 
schenfeld*, our data show that horizontal cell activity influences 
the membrane potential of bipolar cells in a way qualitatively 
consistent with the previously proposed role of horizontal cells 
in mediating surround effects. This result might be expected 
from published anatomical and physiological evidence—elec- 
tron microscopy shows that horizontal cells are presynaptic to 
bipolar cells at presumed chemical synapses of conventional 
type'° while an indirect input to bipolar cells is provided by 
horizontal cell feedback onto cones’. Although the present 
results do not give information on the circuitry underlying the 
bipolar cell responses to horizontal cell stimulation, it seems 
reasonable to assume that both the direct and feedback path- 
ways are involved. The participation of additional retinal ele- 
ments in mediating the bipolar cell surround cannot be 
excluded. 
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Bilayers containing gangliosides 
develop channels 
when exposed to cholera toxin 


CHOLERA toxin, a protein of molecular weight 84,000, 
comprising five or six B and one A subunits, produces massive 
diarrhoea in man and other mammals by altering the transport 
of salt and water across the intestinal epithelium’*. These 
effects are mediated by a sequence of events leading to an 
increase in the concentration of cyclic AMP in the epithelial 
cells. The sequence involves binding of the toxin through 
its B subunits to specific receptors which seem to be the mono- 
sialoganglioside galactosyl-N-acetyl-galactosaminyl-(N-acetyl- 
neuraminyl)-galactosyl-glucosyl-ceramide (Gy), and subse- 
quent activation of adeny! cyclase”. We report here experi- 
ments which show that cholera toxin reacts with lipid bilayers 
containing Gw to form channels which allow ions present in the 
aqueous solution to traverse the membrane. 


© Macmillan Journals Ltd 1978 


Nature Vol. 275 14 September 1978 


Gy («1077 S§ em™?) 





¢ (min) 


Fig. 1 Time course of development of membrane conductance 

(Ga) of a bilayer containing 3% Gu: in GMO (@) and one 

containing 3% Gyo in GMO (x) after addition at time t=0 of 

10 ng mi * (@) or 15 ng m!™’ (x) cholera toxin to one chamber. 
GMO concentration was 12 mg ml™’. 


Bilayers were formed from a mixture of glycerolmonooleate 
(GMO) (Nu-Chek) and Gu: or Gag (N-acetylgalactosaminyl- 
(N-acetylneuraminyl }galactosyl-glucosyl-ceramide) (Supelco) 
in the molar ratios indicated. The lipid mixture was dissolved in 
chloroform—methanol (2:1, v:v) and spread on the water—air 
interfaces of the bathing solutions. After allowing the solvents to 
evaporate (approximately 30 min), 2 yl of decane were added to 
each of the interfaces, a procedure which increased the stability 
of the membranes. The bilayers were then formed by the 
technique first described by Montal and Mueller® and described 
in detail by Hall and Latorre’. The area of black film could not 
be determined accurately by visual means (the diameter of the 
holes used in these studies was 0.36 mm). Therefore, an estimate 
was made from the measured capacitance of the films (690- 
740 pF) and the value of the specific capacitance for this type of 
membrane formed in the absence of decane at the interfaces, by 
pretreating the hole with a 2% solution of squalene in pentane 
(0.84+0.02 uF cm’). The aqueous solutions present in the 
1.5-ml chambers contained initially 100 mM NaCl buffered to 
pH 7.0 with 5 mM Na—phosphate buffer. The electrical charac- 
teristics were determined using a pair of Ag-AgCl electrodes to 
inject and measure current, and a pair of calomel electrodes to 
measure zero-current membrane potentials. When appropriate, 
a portion of a freshly diluted solution of cholera toxin (Schwarz- 
Mann) was added to one of the chambers. 

Figure 1 shows the results of experiments in which cholera 
toxin was added to the aqueous solution bathing one side of 
GMO bilayers containing either Gy, or Gye. An abrupt and 
substantial increase in membrane conductance was observed in 
the former but not in the latter case. GMO membranes did not 
respond to choleragen addition (not shown). Apparently, a 


Fig. 2 Recorder trace showing the development of membrane 
conductance and current fluctuations for a GMO membrane 
containing 1% Gui. GMO concentration, 12 mg ml’ . Cholera 
toxin was added to a final concentration of 3 ng ml~’ . The jump in 
current shown was the only one, although at later tumes, current 
fluctuations of smaller values were also observed. 
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specific interaction between Gu and cholera toxin is necessary 
to produce an increase in membrane conductance. This point 
was substantiated by experiments in which choleragen was 
mixed with excess Gy, and then added to the aqueous solution 
bathing one side of a bilayer containing Gy. No increase in 
membrane conductance was observed. Subsequent addition of 
cholera toxin not previously mixed with G,,, to the opposite side 
of the membrane produced the usual conductance increase. 
Examination of records of membrane current at constant 
membrane voltage and higher time resolution reveals the 
presence of current fluctuations (Fig. 2). These records are 
consistent with a picture in which ion-conducting channels with 
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Fig.3 Dependence of the rero-current, zero-voltage steady-state 
conductance (Gm) on ‘the concentration of cholera toxin at 
different molar ratios of Gu in GMO (12 mg mI’). The points for 
1% and 10% were obtained in three different membranes, each of 
which was exposed to at least three different concentrations of 
toxin. Those for 3% are all from different membranes, averaged 
values, The lines were drawn according to the equation in the text, 
with Ka = 1.2x107'°M and Guy Values as indicated 


a conductance of the order of 20-40 pS cm~? randomly open 
and close during the experiment. The ionic selectivity of the 
channels was evaluated by measuring the zero-current 
membrane potential in the presence of known differences in the 
concentration of Na, K and Cl in the two aqueous bathing 
solutions. The results indicated that the channels are twice as 
permeable to the monovalent cations as to chlonde, with prac- 
tically no selectivity for Na over K. 

Figure 3 shows the dependence of membrane conductance on 
cholera toxin concentration at three different mol fractions of 
Gia in the membrane-forming solution. The bilayer conduc- 
tance levelled off as the toxin concentration in the aqueous 
phases was increased, and so the data were fitted using a 
saturating type of relation between membrane conductance and 
toxin concentration: 


_ Gaex[ toxin] 
~ Kın+[toxin] 


where Ga is the steady-state membrane conductance, Gmax 18 
the maximum membrane conductance at high toxin concen- 
tration, [toxin] is the concentration of cholera toxin in the 
aqueous phase and K,, is the cancentration of toxin which 
produced half the maximum conductance increase. The value of 
Kn required to fit the data at the three concentrations of Gy; 
used is 1.2 x 107° M, similar to the value found by Cuatrecasas 
for the interaction of choleragen with fat cell membranes’. 
These data support a picture in which cholera toxin reacts with 
the sugar residues in the Gu molecules in the membrane surface 
to produce a complex that forms ion-conducting channels. We 
are now investigating the size and kinetic properties of the single 
channels and the role of the different subunits of cholera toxin in 
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the process of channel formation. These experiments may help 
to clarify the mechanism by which cholera toxin, and perhaps 
other agonists, activate adenyl cyclase. 
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Human urinary kallikrein converts 
inactive to active renin 

and is a possible 

physiological activator of renin 


WE have found that human urinary kallikrein converts inactive 
plasma renin in vitro to an enzyme with renin-like activity. This 
observation is interesting because renal kallikrein, the presumed 
precursor of urinary kallikrein’, is thought to be situated in or on 
cells of the distal convoluted tubule, including the macula densa 
cells’, which are adjacent to the storage site of renin, the 
juxtaglomerular cells*. Also, human urinary kallikrein is a tryp- 
sin-like enzyme of highly restricted specificity’, and although 
trypsin is capable of activating inactive renin®, we have found 
that kallikrein is at least 10 times more active. Therefore it 
seems possible that urinary kallikrein is the in vive converting 
enzyme of prorenin and may activate the renin—angiotensin— 
aldosterone hormonal system, as it participates in sodium and 
potassium homeostasis” and in the blood pressure maintenance 
of a majority of hypertensive patients’. 

Inactive plasma renin can be converted in vitro to active renin 
by trypsin®, by exposure to cold (cryoactivation)*”, or by dialysis 
to pH 3.3 with subsequent restoration of neutral pH (ref. 10). 
We have shown that in plasma the major portion of the increase 
in renin following dialysis to pH 3.3 occurs at alkaline pH (refs 
11, 12). Like cryoactivation, the alkaline phase of ‘acid’ activa- 
tion seems to involve an unidentified endogenous neutral serine 
protease''''*. As acidification of plasma destroys endogenous 
protease inhibitors'*'*, and as activation of inactive renin by 
endogenous proteases following acidification proceeds very 
slowly, we were able to use acidified plasma to test the potency 
of small amounts of highly purified urinary kallikrein’ on the 
conversion of inactive to active renin. 

Pooled human plasma (50 ml, in presence of EDTA) with 
‘renin activity'® of 1.5 ng angiotensin | mI’ h”' was dialysed to 
pH 3.3 for 24 h at 4°C. Two 1-ml samples were further dialysed 
from pH 3.3 to 7.4 at 4°C for 24 h after which renin averaged 
8.5ngml'h' (Fig. 1). Plasma renin activity was 
4.5 ng ml? h™' in the remainder of the pool which was adjusted 
to pH 7.4 and there was no further increase during 1 h incuba- 
tion at 25 °C and pH 7.4. When urinary kallikrein or trypsin was 
added to this pool for 1h at 25°C, a 66% increase in renin 
activity was observed with urinary kallikrein 2 x 1077M but only 
a 39% increase with trypsin 2x 10°°M (Fig. 1). Maximum 
activation (that is, to 8.3 ng ml ' h”') was achieved by urinary 
kallikrein 4x 10°? M, whereas trypsin 8 x 107° M did not quite 
achieve maximum activation. 
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In another study urinary kallikrein at 0, 2.0 and 3.1x 10°°M 
was added to untreated plasma and incubated for 2 d at —4 °C. 
In the absence of urinary kallikrein there was a small increase in 
renin activity due to cryoactivation’. However, urinary kalli- 
krein caused a concentration-dependent increase in the rate of 
cryoactivation (Fig. 2), thus demonstrating that activation of 
inactive renin by kallikrein does not depend on previous 
acidification. 

Although inactive renin is present in the plasma of most 
anephric patients”, the data in Fig. 3 demonstrate that it is also 
of renal origin. Active and inactive plasma renin were measured 
in simultaneously collected renal vein and inferior vena caval 
(IVC) samples from a patient with renal artery stenosis. Active 
and inactive renin levels were the same in the IVC and right 
renal vein, but there were marked increments in both forms of 
renin in renal venous plasma from the left side, thus demon- 
strating renal secretion of both active and inactive renin. 
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Fig. 1 Activation of inactive renin in previously acidified plasma 
by urinary kallikrein, trypsin or endogenous serine proteases. 
Pooled human plasma (50 ml; EDTA) was dialysed to pH 3.3 for 
24 h at 4°C (0.05 M glycine-HCl, 0.1 M NaCl, 3 mM N EDTA). 
This destroys endogenous protease inhibitors’? 4 and activates 
about one-third of inactive plasma renin'’. Three methods of 
activation of the remaining inactive renin were tested. W, Two |-ml 
samples were further dialysed to pH 7.4 for 24h at 4°C (0.10M 
sodium phosphate, 0.05 M NaCl, 3 mM Na,EDTA) during which 
time endogenous proteases slowly activated inactive renin. The 
remainder (48 ml) was adjusted to pH 7.4 at 0°C with Sml 4M 
Tris, pH 7.4, and 0.5 ml 2 M NaOH. @, Pure urinary kallikrein’? 
(specific activity 1094 pg equivalents bradykinin min * mg‘ at pH 
8.5 and 37°C); or A, trypsin (Boehringer Mannheim, specific 
activity 33 U mg™'); or O, distilled water, were added to 0.5 ml 
samples which were then incubated at 25 °C for 1 h. Activation was 
stopped by adjustment to pH 5.7 and addition of phenyl- 
methylsulphonyl fluoride (PMSF) 1.5 mmol 17t. Renin activity was 
then measured by incubation at pH 5.7 and 37°C (ref. 16) after 
addition of partially purified human renin substrate'’. Results for 
urinary kallikrein were from three separate experiments. 


Stop-flow’ and histological studies? have suggested that renal 
kallikrein is located in the cells lining the distal convoluted 
tubule extending from the juxtaglomerular apparatus (where 
renin is synthesised) to the collecting duct. Its activity has been 
associated with the plasma membrane and/or endoplasmic 
reticulum’'’* of cells from the renal cortex, although lysosomal 
fractions have also been implicated’’. Thus, kallikrein may be 
present in the renin-secreting cells of the juxtaglomerular 
apparatus. Urinary kallikrein is reported to have a-more restric- 
ted specificity than trypsin? and is often catalytically less 
efficient’’*'. Its greater potency for activating inactive renin 
would therefore seem to favour specific interaction. This obser- 
vation, together with its location in the kidney, suggests that 
kallikrein might be a prorenin converting enzyme. However, 
other mechanisms may be involved, as inhibitors of sulphydryl- 
dependent enzymes have been reported to block conversion of 
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Fig. 2 Potentiating effect of urinary kallikrein on the rate of 
cryoactivation of inactive plasma renin: 100 or 200 pd (2x10 | 
and 3.110 * M) purified urinary kallikrein or 
added to 0.3 ml plasma (EDTA) which was then incubated at —4 °C 
for 38 h (96 h are required for cryoactivation to reach a plateau). 
Renin was then assayed at pH 5.7 and 37°C in the presence of 
1.5 mM PMSF. Renin activity, medsured after cryoactivation in the 
presence of urinary kallikrein, is expressed as a percentage of that ` 
measured after 38 h cryoactrvation alone. 


large to small molecular weight hog renal renin with a resultant 
small change in activity”. 

If kallikrein activates inactive renin in vivo, this would be the 
second link between the kallikrein and renin systems, as angio- 
tensin-converting enzyme converts angiotensin I to angiotensin 
II and also hydrolyses bradykinin to inactive products”. 


So far, urinary kallikrein is the most potent activator of | 
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inactive renin yet described and may be strategically located to. 


Fig.3 Unilateral renal secretion of active and inactive renin from 
a hypertensive patient with left renal artery stenosis. Blood speci- - 
mens were collected from the [VC simultaneously with each renal 
vein blood collection. Inactive plasma renin was measured as the 
difference between endogenous renin activity and the renin activity 
following activation by trypsin (1 mg per ml plasma at —4 °C for 
1 h). There was no difference in active or inactive renin between the 
IVC and right renal vein, whereas a marked increment in both 
renins was observed from the left side, thus demonstrating the - 
renal origin of both active and inactive renin. — : 


4 


ate 


Inactive renin . Active renin | 


|| Right renal vein 
O Vena cava 
(below renal veins) . 





: 
Lal - 
` P} » 
i 
+ 
1 ` 
i bye 5 ° 1 i 
E 2 ‘ PMs Va 
y a 
~- 2 ` k ` 
h a $ 
e.i ns = t t 
‘ 
à . 
Left Right .,- Left . Right ' 
é 


0028-0834/78/0275—+0145$01 00 


} 


145 


participate in renin biosynthesis. Whether the enzyme is part of 
a biological control system for the release of renin and for the 
accomplishmént of sodium, potassium and blood pressure 


homeostasis, remains to be established. 
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Specific ial inevenbi block of 


i the. toa action of angiotensin II 


COMPETITIVE inhibitors of the astasentias hormone angio- 
tensin II (AT), Asp-Arg-Val-Tyr-Val-His-Pro-Phe, have been 
synthesised by several groups’. These inhibitors, like the 
hormone, are quickly. degraded, end no irreversible or even 
long-acting specific inhibitors have been available. Paiva et al.” 


have attempted to produce such inhibitors using affinity label- 


ling analogues, but with poor resul-s. We report here a specific 
and irreversible inhibition of the response of rabbit aorta strips 
to AT by a photolabile analogue of AT. 

We previously described the synthesis’ and the biological 
activities*, of the AT analogue Sar-Arg-Val-Tyr-His-Pro-(4’- 
azido)Phe (=N,-AT) in the absemce of ultraviolet radiation. 
Also, (4'-azido)Phe has been successfully used as a photoaffinity 
label in studies on chymotrypsin’ ard ribosomes‘. In the present 
study rabbit aorta strips were suspended in Kreb’s solution 
according to the method of Rioux e al.’. Photolysis was carried 
out with four parabolic mercury vapour lamps (Westinghouse 
JC PAR-38) equipped with black light filters surrounding a 
tissue bath. The light was further filtered through pyrex glass and 
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Fig. 1 Contraction of rabbit aorta strips in various conditions. The interval between injections of angiotensin II (AT), 200 ng mi™!, 
(Sar’)-angiotensin H (Sar-AT), 200 ng ml™', or its photolabelling analogue (Sar'(4’-azido)Phe*)-angiotensin Il (N3-AT ), 200 ng mi~}, was 


90 min. Noradrenaline (NA), 50 ng ml‘, was injected 30 min after AT, and (Leu*)-angiotensin H (1), 5,000 ng ml 


, was added 15 min before 


the agonist. All tests have been carried out under total exclusion of UV radiation except when indicated. Dots indicate washing of the tissues. 
Contractions of the rabbit aorta strips suspended in tissue baths were recorded on a Grass polygraph with isometric force transducers. All other 
experimental details are as described by Rioux et al.’. 


water so that almost only the 365-nm band of the mercury 
spectrum reached the tissue. 

When tissues contracted by (Sar')-AT were irradiated, they 
relaxed immediately (Fig. 1a), analogous to the results reported 
by Furchgott et al.*. If the irradiation is discontinued the tissues 
regain their initial degree of contraction and are normally 
responsive to further applications of stimulants. In the dark, 
N;-AT acts as a reversible agonist of the AT receptor (Fig. 15); 
it has the same intrinsic activity as (Sar')-AT and a relative 
affinity of 31%. If the tissues contracted by N3-AT (Fig. 1c) are 
irradiated, the strips relax as they do under the influence of light, 
but they do not recontract when the light is removed. They also 
lose their responsiveness to AT but not to noradrenaline (Fig. 
lc), histamine, bradykinin, 5-hydroxytryptamine or potassium 
(not shown), agents acting on receptors different from those of 


AT. Further applications of AT during the following 2-6 h do 


not induce any significant rise in tension. If the same experiment 
is carried out in the presence of the competitive inhibitor 
(Leu®)-AT at saturating concentrations, the tissues recover their 
responsiveness to AT (Fig. 1d). The slight decrease in response 
observed is due to some desensitisation by the inhibitor and it 
also occurs in the same experiment without irradiation (Fig. le). 

In some preparations (one out of five), in which the desen- 
sitisation of the tissues to AT achieved with photolysis of N3-AT 
was less than 80%, the treatment was repeated and resulted in 
an almost complete inactivation. 

Two possible reactions of the tissue were expected with a 
specific covalent block by an agonist. (1) The tissue stays 
contracted due to a continuous stimulation of the response by a 
stable hormone-receptor complex. This phenomenon has been 
reported with gastrin’. (2) Covalent attachment of the hormone 
to the receptor induces a permanent loss of hormone response, 
because stimulation occurs only when the receptor changes 
from ‘bound’ to ‘unbound’ or the reverse. If the hormone is 
irreversibly attached this dynamic process cannot occur again. 
We therefore conclude that, under photolysis, N;-AT covalently 
and specifically blocks the receptor for AT. Studies using 
radioactive analogues of N3;-AT are now in progress in an 
attempt to isolate the AT receptor from arterial smooth muscle. 
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Evidence for an essential 
DNA component in the Scrapie agent 


ONE of the enigmas of microbiology has been the nature of the 
aetiological agent causing scrapie disease in sheep and goats. 
The unusual resistance of infectivity to heat, formaldehyde, 
nucleases and UV irradiation has stimulated many hypotheses, 
including speculation that the scrapie agent may lack nucleic 
acid’. This stability to physical and chemical inactivation has 
been due in part to the intimate association of the agent with the 
cell membrane*’, making it impossible to obtain soluble frac- 
tions of brain tissue containing high titres of infectivity. A 
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hamster model of scrapie disease has been developed*” that has 
shorter incubation periods and higher brain titres of infectivity 
than any other animal model. Studies on the subcellular dis- 
tribution of scrapie agent in hamster brain have shown that 
8-9% of the total infectivity can be found in membrane-free 
high-speed supernatant (HSS) fractions’. Infectivity in the HSS 
exists as small heterogeneous complexes which are resistant 
to detectable enzymatic degradation, but are more sensitive 
to inactivation by heat and UV irradiation than are cruder 
brain preparations’. We report here further partitioning of 
scrapie infectivity in the HSS using two methods of separation, 
hydroxyapatite: chromatography and polyacrylamide gel 
electrophoresis, both of which result in isolation of a fraction 
of scrapie infectivity that is inactivated by deoxyribonuclease 
(DNase). We therefore conclude that the scrapie agent contains 
an essential DNA component. 

Hydroxyapatite chromatography was performed as reported 
previously’. Briefly, brain homogenates in 12mM_ sodium 
phosphate (pH 7.2) are centrifuged at 100,000g for 18hina 
Beckman 42.1 rotor and the supernatant fractions applied to a 
hydroxyapatite column at room temperature. Scrapie infectivity 
eluted in t 8M sodium phosphate wash, and representing 
1% of the to ut infectivity to the column, was diluted 1:4 
with buffer M Tris, 0.15 M NaCl, 12 mM sodium phos- 
yen treated with DNase I (Worthington), 
igton) or proteinase K (Boehringer-Mann- 
concentrations of 100pgml™', S5Opgml™' or 
respectively. Magnesium chloride (20mM) was 
containing DNase and also to the control tube 
‘enzyme treatment. All preparations were 
“a water bath at 37°C for 60 min. To ensure 
used were biochemically active in the con- 
























DNase resulted in substantial reduction of infectivity. 

Because the above experiment indicated that infectivity was 
resistant to proteolytic digestion, a second sample of HSS was 
digested with 100 pg ml™' proteinase K before adsorption to 
hydroxyapatite. The hydroxyapatite eluate from the proteinase 
K-digested HSS contained a 10-fold higher titre than that of the 
undigested HSS, and a greater proportion of the total scrapie 
infectivity was inactivated with DNase (Table 1). 

In support of the above findings, we have since succeeded in 
obtaining a purified preparation of scrapie agent of higher titre 
using ammonium sulphate precipitation of the HSS and separa- 
tion of the resuspended precipitate by polyacrylamide gel elec- 
trophoresis’. Enzyme treatment of scrapie infectivity from these 
gels (Table 1), in conditions similar to those described for the 
treatment of the hydroxyapatite eluates, also resulted in a 
significant decrease in scrapie activity after exposure to DNase 
(100 pg ml~'), but not to RNase A (100 pg mi”) or proteinase 
K (100 ug mI’). 

These results show that as the heterogeneous infectious 
complexes in the HSS are separated, either by hydroxyapatite 





Table 1 Enzyme treatment of scrapie infectivity separated by 
hydroxyapatite chromatography (HA) or polyacrylamide gel electro- 





phoresis (PAGE) 
Enzyme HA HA 
treatment (undigested) (predigested) PAGE 

None 4.0* 5.0 7.5 
RNase A (50-100 pg ml’) 4.2 5.0 7.8 
Proteinase K (62-100 

pg mi’) 4.0 ND? 7.5 
DNase I (100 pg mi~’) 2.5 2.8 4.2 





*logio LDso mi". 
FNot determined. 
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chromatography or polyacrylamide gel electrophoresis, frac- 
tions of infectivity can be detected which are sensitive to treat- 
ment with DNase. It is, therefore, reasonable to conclude that 
the scrapie agent contains an essential DNA component. This | 
finding is compatible with other studies"'"'’ which have detec- 
ted low-molecular-weight DNA sequences in scrapie-infected 
brain, but which have been of questionable significance because 
of the inability to relate these nucleic acids to infectivity. 
However, the exact nature, size and possible association of this 
scrapie-specific DNA with other macromolecules requires 
further study. 
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Highly conserved DNA of 
Ti plasmids overlaps 
T-DNA maintained in plant tumours 


LARGE tumour-inducing (Ti) plasmids in Agrobacterium | 
tumefaciens’ are responsible for crown gall disease in dicoty- 
ledonous plants’. Plant tumour cells cultivated in vitro in the 
absence of the inciting bacterium maintain multiple copies of 
part of the Ti plasmid**. The experiments presented here show 
that part of the Ti plasmid maintained in tumour cells (T-DNA) 
is highly conserved among diverse Ti plasmids. 

Ti plasmids from a variety of natural isolates of A. fume- 
faciens exhibit only partial DNA homology®’. Their finger- 
prints, produced by cleavage of plasmid DNA with restriction 
endonucleases, are markedly diferent", Ti-plasmid-borne 
genetic traits (octopine and nopaline metabolismy?'** 
suggest that Ti plasmids are of three types, and physical studies 
confirm this®?!. Schell and his cellaborators'® have suggested 
that since common tumour-inducing functions are a feature of 
every Ti plasmid, a region of homologous DNA should be 
detectable in all types. We have mapped the plasmid pTi-B6- 
806 (ref. 17) and located the T-DNA, the region of this plasmid 
that is maintained in E9 tobacco tumour (Fig. 1)*'". We report 
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Fig.l Map of Smal, Hpal and Hindili restriction endonuclease 

cleavage sites in en of pii -B6- 806. Evidence for the map order 

is given in detail elsewhere! 7"'*. Certain fragments of pTi-B6-806 

used in this study were designated A-F as indicated above for 

clarity. Evidence for the boundaries of the DNA detected in E9 
tumour (T-DNA) is presented elsewhere t. 


here DNA hybridisation studies that test this region of pTi-B6- 
806 for homology with six representative Ti plasmids. 

A map of the sector of pTi-B6-806 that is relevant to this 
study is presented in Fig. 1. For the DNA hybridisation studies 
described below, pTi-B6-806 DNA fragments to be used as 
probes were isolated after preparative agarose gel electro- 
phoresis of plasmid DNA digests”. Fragments were labelled by 
the ‘nick translation’ reaction’? 

Figure 2 presents Smal cleavage patterns of the Ti plasmids 
examined here. Nopaline-type plasmids are diverse, and are 





Fig. 2 Smal cleavage patterns of diverse Ti plasmids. Descrip- 
tions and sources of bacterial strains are detailed elsewhere". 
Plasmid DNA (2.5y.2) isol lated as described previously” was 
adjusted to 0.02 M Tris, pH 7.5, 15 mM KCl, 6 mM MgC! > and 
treated with sufficient Smal to give a complete digest in 2 hat 
30°C. Smal was purified by the procedure of Lyle Brown, Ore- 
gon State University (private communication). Digests were sub- 
jected to horizontal slab gel electrophoresis” and bands were 
visualised by staining for 20 min with ethidium bromide 
(10 pe/mi and illuminating on a Blak-Ray Transilluminator (UV 
Products Inc.}. Arrows above each digest indicate the positions of 
fragments that hybridised strongly (solid arrows) or weakly 
(dotted arrows} with Hindlll fragments 1 and 3; the probe ts 
indicated by the number above cach arrow. The letters beneath 
each digest indicate the positions of fragments that hybridised 
with probes A-F, as defined in Fig. 1. 
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represented by pTi-223, pTi-C58, pTi-T37, pTi-AT181 and 
pli-IIBV7. The only known null-type plasmid is pTi-542°, 
Octopine-type plasmids are highly conserved®'’ and are 
represented by pTi-B6-806, the homologous DNA control. On 
the basis of DNA homology measurements®’ pTi-IIBV7 and 
pTi-542 are more closely related to the octopine-type plasmid 
than are any of the other plasmids studied here. 

Digest fragments of Ti plasmids (Fig. 2) were transferred 
from the agarose gel to sheets of cellulose nitrate (Schleicher 
and Schuell, B6 membrane) by a modification™ of the South- 
ern blotting procedure*'. Transfers were cut into longitudinal 
strips for hybridisation with various labelled DNA fragments. 

Hind fragment 1 labelled DNA hybridised with most of 
the heterologous plasmids extensively, as shown in the 
autoradiograms of Fig. 3 (data not shown for pTi-542). In four 


of the heterologous plasmid digests, the labelled DNA bound 
almost exclusively to a fragment of approximately the same 
electrophoretic mobility as Smal fragment 10c of pTi-B6-806 








Fig. 3. Autoradiograms of hybrids formed with labelled Hindili 
fragments I and 5 as probes. DNA fragments | used as probes were 
labelled to specific activities of 1-50 x« 108 cpm. per pe by 
incorporation of fa-"’P]thymidine triphosphate (90-150 Ci 


mmol”! jor fa-* *Pideoxycytidine triphosphate (1.500 Ci mmol’) 
(NEN) using the nick translation reaction”. Cellulose nitrate 
transfer strips prepared from the gel of Fig. 2 or similar g gels were 
allowed to hybridise with labelled DNA fragments (0% e. p.m. per 
mi in 2.5 x S5C at 63°C for 18h) as described elsewhere (SSC is 
0.15 MNaCl, 0.018 M trisodium citrate}. The solid and dotted 
arrows above the bands indicate the intensity of hybridisation of 
the probes, and correspond to solid and dotted arrows in Fig. 2. 
Upper set of autoradiograms, HindHI fragment 1 probe. Lower 
set, Hindi] fragment 5 probe. 


{solid arrows marked | in Fig. 2). In the remaining two cases, 
pTi-IIBV? and pTi-542, two fragments of higher molec- 
ular weight bound the labelled probe less efficiently. As expec- 
ted from the map position of Hindili fragment 1 (Fig. 1), this 
probe hybridised strongly with pT1-B6-806 SmaI digest bands 
3 and 10. 

Thermal dissociation profiles of the DNA/DNA duplexes 
formed with Hindli fragment 1 probe are presented in Fig. 4. 
The T,, (midpoint of thermal dissociation) of homologous 
duplexes, 86°C, is 3-5°C higher than that of the heterodu- 
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Fig. 4 Thermal dissociation profiles of HindIII fragment 1 
duplexes. The autoradiogram of the upper portion of Fig. 3 was 
used as a guide to locate bands of DNA duplexes corresponding 
to the solid arrows The cellulose nitrate segment bearing these 
duplexes was excised and placed in a 10x75 mm test tube The 
segment was ¢luted with 1 ml aliquots of 1 x SSC at 22°, 60°, 65 °C 
and so an and radioactivity eluted at each temperature was 
assayed. Radioactivity eluted at 22 °C and that remaining on the 
cellulose nitrate segment at the end of the melt were negligible. 
Total radioactivity eluted was 1,500-2,000 c.p m. ın all cases. A, 
pTi-B6-806 (Ta = 86°C); A, pTi-ITBV7 (Ta 81°C); O, pTi- 
223 {Ta ™ 82°C); ©, pTi-C58 (Ta = 82°C); O, pTi-T37 (T= 
82°C); x, pTI-AT181 (Ta = 82°C), W, pTi-542 (Ta = 83 5°C) 


plexes, indicative of 3-5% base-pair-mismatching in the 
latter*, 

Labelled HindIU fragment 5 of pT1-B6-806 hybridised less 
extensively to all heterologous plasmids than to the homolo- 
gous one (Fig. 3). The arrows marked 5 in Fig. 2 indicate the 
fragments that bound this labelled probe well (solid arrows) or 
poorly (dotted arrows). We have not examined in detail which 
part of HindIII fragment 5 is conserved in the heterologous Ti 
plasmids. 

We obtained a more detailed picture of the extent of the 
conserved DNA region within and to the left of HindIII frag- 
ment 1 by using as labelled probes Smal and HpaI digest 
fragments of pTi-B6-806. The 42 autoradiograms from these 
experiments are not shown here, but the results are sum- 
marised in Fig. 2. The labelled probes are designated by serial 
letters A-F, corresponding to their left-to-right map order as 
indicated in Fig. 1. Probe A hybridised with only two 
heterologous plasmids, pTi-542 and pTi-IIBV7, at positions 
marked A in Fig. 2. In contrast to probe A, probe F hybndised 
efficiently with most of the Ti plasmids, but very poorly with 
pTi-542 and not detectably with pTi-HBV7 (Fig. 2). 

Probes B, C, D and E hybridised with all of the Ti plasmids 
examined, and must therefore constitute a region of DNA 
common to all (Fig. 2). This common DNA region extends on 
the map from SmaI fragment 17 to HpaI fragment 14, a region 
of 5.5 10° daltons or less. Probe F (HpaI fragment 13) could 
aiso be considered a part of the common DNA region, for its 
DNA sequences are preserved on most of the Ti plasmids 
examined. However, the region of conserved DNA indicated in 
Fig. 1 does not include this imperfectly conserved fragment. 
The T-DNA portion of pTi-B6-806 (Fig. 1) is at least con- 
tiguous with this conserved DNA element, and since the left 
boundary of T-DNA is not precisely known, it is possible that it 
overlaps the conserved DNA region. The T-DNA of a T37 
tumour line under investigation in this laboratory contains all 
of this conserved DNA region from pTi-T37 (ref. 22). 

If there have been no gross rearrangements of DNA in these 
plasmids during evolution, the results presented here predict 
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the serial map order of the heterologous Ti plasmid fragments 
to be the same as that of the pTi-B6-806 probe fragments A 
through F, to which they hybridise (Fig. 2). We have confirmed 
this order by conventional mapping techniques’’ for pTi-T37 
(ref. 23). 

It seems reasonable to predict that crown gall tumour lines 
incited by bacterial strains carrying the heterologous Ti plas- 
mids studied here will contain segments of those plasmids that 
are proximal to the conserved DNA sequences. The results 
presented here show, however, that a significant portion of the 
T-DNA of pTi-B6-806 comprises DNA sequences not com- 
mon to all Ti plasmids. The right half of HindIII fragment 1 is 
not conserved, for all of the hybridisation of this probe is 
ascribable to probes E and F (Figs 1 and 2), which overlap its 
left end. The non-conserved part of the T-DNA may code for 
octopine production in pTi-B6-806, a trait not shared by 
nopaline-type Ti plasmids, which code for nopaline production 
by tumourg 13,1 : 

The genetic evidence of Depicker et al.” in the accompany- 
ing paper indicates that the common DNA sequences analysed 
here do indeed code for functions essential to oncogenicity. 
This DNA could code for functions related to the process of 
transformation, or for functions required in the tumour cell for 
maintenance of the transformed state. Transcripts of T1 plas- 
mid DNA have been detected in crown gall tumour tissue”, 
but it is not clear whether the common DNA region of pT1-B6- 
806 is transcribed. Further evidence is needed for an under- 
standing of the role of this highly conserved DNA element in 
crown gall tumour induction. 
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Homologous DNA sequences in 
different Ti-plasmids 
are essential for oncogenicity 


LARGE plasmids, called Ti-plasmids', are responsible for the 
transformation of dicotyledonous plants by Agrobacterium 
tumefaciens*. A comparison of Ti-plasmids derived from 
different Agrobacterium strains®™® revealed two major groups 
of homology. These correlate with the Ti-plasmid-determined 
properties of octopine or nopaline utilisation by Ti-plasmid- 
harbouring agrobacteria”’''~'*, and octopine or nopaline 
synthesis by Ti-plasmid-transformed plant cells'''*. It was orig- 
inally suggested that octopine or nopaline synthesis in crown- 
gall tissues might be mediated by bacterial genes, transferred to 
the transformed plant cells’*; this can now be restated as being 
mediated by Ti-plasmid genes, and is supported both by genetic 
data’° and by hybridisation studies'*. The capacity to determine 
both the catabolism and the synthesis of one or the other of these 
or similar compounds seems to be the dominant evolutionary 
significance of the Ti-plasmids and one can therefore speak of 
‘octopine’- and ‘nopaline’- Ti-plasmids. In view of the fact that 
the different types of Ti-plasmids only have a limited degree of 
DNA sequence homology‘, but produce transformed plant cells 
with similar phenotypes, it was conceivable that at least part of 
the common DNA sequences would be directly and/or 
indirectly involved in oncogenicity. We report here the finding 
of a specific DNA segment which is highly conserved among 
several different Agrobacterium tumefaciens Ti-plasmids. We 
also give genetic evidence that this region is essential for onco- 
genicity and overlaps with the Ti-plasmid DNA found in trans- 
formed plant cells. 

The Ti-plasmid of strain ACHS5 was used as an example of an 
octopine Ti-plasmid. This strain contains only one large plasmid 
(molecular weight 120 x 10°), which was shown by heteroduplex 
analysis? to be completely homologous to other octopine Ti- 
plasmids, such as the Ti-plasmid of strain B6S3. pTi-ACHS 
DNA, isolated as described previously’? and radioactively 
labelled in vitro by nick translation’, was hybridised with the 
unlabelled DNA fragments obtained by digestion of the pTi- 
DNA from the nopaline strains C58 and K14 with various 
restriction endonucleases. Strong hybridisation was observed 
with only one segment of both nopaline Ti-plasmids. This 
segment was contained in one particular fragment of an EcoRI 
digest (fragment 1, MW 9.5 x 10°), as can be seen for pTi-C58 
DNA in Fig. 1. The largest band of the pTi-C58 EcoRI restric- 
tion pattern is, in fact, a doublet. After separation of the two 
fragments, it was demonstrated that the dominant hybridisation 
with pTi-ACHS DNA was located in the EcoRI-1 fragment of 
pli-C38 DNA. Other nopaline Ti-plasmids (from strains 223, 
T37, 396) were similarly tested for homology with pTi-ACHS5 
and it was found that they all contained an EcoRI fragment of 
MW 9.5% 10° that showed a strong hybridisation with pTi- 
ACHS. This was particularly striking, as Ti-plasmids in avirulent 
mutant strains derived from strain K14 (ref. 15) did not exhibit 
this strong hybridisation. 

Reciprocal experiments were carried out by hybridising total 
labelled pTi-C58 DNA with unlabelled DNA fragments of the 
octopine plasmid pTi-ACHS5. Strong hybridisation was ob- 
served with the pTi-ACHS AHindIIl fragment 1 (8.0x 
10° daltons) as can be seen in Fig. 1. These results thus indicated 
that this region is common to octopine and nopaline Ti-plas- 
mids. Note here that various other fragments of these two types 
of Ti-plasmids exhibited a variable degree of hybridisation, as 
can be seen in Fig. 1, probably indicating a lesser extent of 
homology rather than an experimental artefact, as it was found 
that the extent of these hybridisations depended on the strin- 
gency of the hybridisation conditions used. Thus, it was found 
that in standard hybridisation conditions (see legend to Fig. 1), 
up to 80% of all the fragments of the pTi-ACHS plasmid 
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Fig. 1 Homology between octopine and nopaline Ti-plasmids. 
Plasmid DNA was prepared from wild-type strains ACHS and C58 
(natural isolates), as described previously'*. The restriction 
enzymes EcoRI and Smal were purified in this laboratory. The 
conditions for digestion were 90 mM Tris, pH 7.5, 50 mM NaCl 
and 5 mM MgCl, for EcoRI, 15 mM Tris, pH 8.5, 15 mM KCl and 
6 mM MgCl, for Smal and 7 mM Tris, pH 7.5, 60 mM NaCl and 
7mM MgCl, for HindIII. The digests were separated in 0.8% 
agarose, formed in 40 mM Tris-acetic acid, pH 8, 20 mM NaAc, 
1 mM EDTA and 0.5 ug ml" ethidium bromide, on a horizontal 
slab gel apparatus””. Fragments of decreasing molecular weight 
were represented by increasing numbers; only one number was 
given to single bands consisting of several fragments. The A -EcoRI 
and A - HindIII fragments were used as molecular weight standards. 
After electrophoresis (40 V, 16h) and photographing of the 
restriction pattern’', the DNA fragments were transferred to a 
nitrocellulose filter (Schleicher and Schuell no. B6) according to 
the Southern blotting procedure”. By nick translation, the probe 
DNA was labelled with P to specific activities of 1-30 
10° cpm. wos, using [a-°*P]-zuanosine triphosphate 
(Amersham, 350 Ci mmol Y5. After preincubation of the filters 
for 3h at 75°C in 2 SSC, containing 0.02% polyvinylpyrrolidone, 
0.02% Ficoll, 0.02% bovine serum albumin (BSA) and 20 pg ml! 
denatured salmon sperm DNA”, the denatured radioactive 
probe solution was added to the filters in a final concentration 
of 20g ml~'. The filters were incubated for 24—40h at 75°C 
and were dried and exposed to X-ray film (Fuji films Rx Medical) 
after 4 or 5 serial washes (3 SSC, 0.5% SDS at 75°C). The 
incubation temperature used in these experiments was therefore 
more stringent than the standard conditions used for the experi- 
ments shown in Figs 2 and 3, where the filters were incubated at 
68°C. A, pTi-ACHS Hindlll restriction pattern (ane a). Lane b 
represents the autoradiogram of the filter prepared from {a) and 
hybridised with **P-labelled pTi-C58 DNA. B, pTi-C58 EcoRI 
restriction pattern (lane c). Lane d represents the autoradiogram of 
the filter, prepared from {c} and hybridised with labelled pTi- 
ACHS DNA. The numbers indicate the fragments showing the 
strongest hybridisation between the two types of plasmids. 
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Fig. 2 Characterisation 
of the homologous 
sequence between octo- 
pine and nopaline plas- 
mids. The restriction 
digests, blotting of the 
DNA fragments to nitro- 
cellulose filters d 
hybridisations were K. 
ried out as described in 
the legend to Fig. 1. A, 
pTi-C58: EcoRI (a), Smal 
(c) and Hindili (e) 
restriction patterns, 
transferred to nitrocellu- 
lose filters and respec- 
tively (b, d, f) hybridised 
with the labelled pTi- 
ACHS Hindlll fragment 
1 probe. This probe 
(pGV0201) was in fact a 
hybrid plasmid construct- 
ed by insertion of pTi- 
ACHS Hindlll fragment 
| in the vector pBR322 
(ref. 23). B, pGV3505 
(pTi-K14): EcoRI (a), 
Smal (c) and HindIII (e) 
restriction patterns, 
transferred to nitrocellulose filters and respectively (b, d, f) hybridise 


obtained by digestion with HindIII showed hybridisation with 
pTi-C58 DNA. 

However, the stability of the hybrids formed by different 
regions varied considerably (data not shown). These results 
indicate that the two types of Ti-plasmids diverged from each 
other, conserving some regions more strictly than others. 

To determine more precisely the extent of the homology in 
the fragments pTi-ACHS HindIll-1 and pTi-C58 EcoRI-1, 
with which the dominant hybridisation was observed, the 
HindIII fragment 1 was cloned (G. De Vos et al., in prep- 
aration), labelled and hybridised against the EcoRI restriction 
fragments of pTi-C58. As only the EcoRI-1 band of pTi-C58 
became radioactive after hybridisation (Fig. 2), it must contain 
all the DNA homologous to the pTi- ACHS HindIII fragment 1. 
Furthermore, hybridisation against Smal and HindIII restric- 
tion fragments of the same pTi-C58 DNA indicated that the 
HindIII fragment 1 of the octopine Ti-plasmid was at least partly 
homologous to the Smal fragments 5 and 7 (Fig. 2 A, cand A, d) 
as well as to the HindIII fragments 22 (2 x 10° daltons) and 31 
(1.1 10° daltons) of the nopaline Ti-plasmid C58 (Fig. 2, A, e 
and A, f). HindIII fragments with an identical size and belonging 
to this conserved region were also found in pTi-K14 (Fig. 2 B, e 
and B, f)and pTi-T37. A more precise estimate of the size of this 
‘conserved’ DNA sequence can be derived from the sum of the 
two HindIII fragments (together 3.1 x 10° daltons) of the 
nopaline Ti-plasmid, that hybridised with the pTi-ACH) 
HindIll-1 fragment. A comparison of the physical maps of 


Fig. 3 Localisation of the RP4 integration site in the conserved 
DNA of the non-oncogenic pTi-C58::pRP4 cointegrate 
pGV4000. The restriction patterns and hybridisations were carried 
out as described in the legend to Fig. 1. The pTi-C58 and pGV 4000 
EcoRI (a,b) and Smal (c,d) restriction patterns are shown in 
parallel to each other. In lanes a and c, the pTi-C58 fragment, in 
which RP4 is inserted, is indicated by its number. The composite 
fragment, provided by the junction between pTi-C58 and pRP4 
DNA in pGV4000, are indicated by dashes. Lanes a and f, respec- 
tively, show the autoradiograms of the pTi-C58 and pGV4000 
Hindlll restriction patterns, which are transferred to nitrocellulose 
filters and hybridised with the labelled pTi-ACHS Hindlll frag- 
ment 1 and cloned in the vector pBR322 (ref. 23). The band 
indicated by an asterisk in lane e is the result of a partial digestion. 





| 
| 
| 
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d against labelled pTi-ACHS5 HindIII fragment | probe 


octopine and nopaline Ti-plasmids in the region of the ‘conser- 
ved’ DNA segment (see Fig. 4) shows that the homology 
between the HindIII fragments 22 and 31 of the C58 pTi- 
plasmid and the HindIII fragment 1 of the ACHS plasmid is 
restricted to the left end of this fragment. The remaining right 
part (4.9 x 10° daltons) of the pTi-ACHS HindIII fragment | 
does not show any homology with the DNA of nopaline Ti- 
plasmids. 





Fig. 4 Schematic rep- 
resentation of the 
conserved region in 
octopine (pTi-ACHS) and 
nopaline (pTi-C58) plas- 
mids, showing the restric- 
ton map of the cor- 
responding regions in 
both types of Ti-plasmid. 
Only those restriction 
sites used in the present 
analysis are shown. The 
cloning, detailed restric- 
tion map of the pTi-C58 
EcoRI fragment 1 and the 
evidence for the precise 
localisation of the RP4 
integration site in 
pGV4000 will be 
described elsewhere (M. ` 
‘De Wilde et al., in pre- 
paration). The T-DNA is 
_ defined as that segment of 
the Ti-plasmid that has _ 
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been found integrated in the DNA of transformed plant cells. Arguments ae the extent and lovalidation of the octopine T-region and for the 


relevant restriction map were taken from Chilton et al. 671 


and were adapted according to instructions from M.-D. Chilton. Arguments for the 


extent and localisation of the nopaline T-region were obtained in our laboratory and will be described elsewhere (De Beuckeleer et al., in 
preparation). 


The results described by Chilton et al.** indicate that the 
conserved region extends for another 3.5 x 10° daltons to the 
left of the HindIII fragment 1 of the octopine Ti-plasmids. 

To discover whether or not this conserved DNA segment was 
involved in the oncogenic properties of the Ti-plasmids, we used 
our previous observations”, that the integration of a complete 
P-type plasmid pRP4 into the pTi-C58 plasmid can result in a 
loss of oncogenicity. Dissociation of the non-oncogenic pTi- 
C58::RP4 cointegrate (pGV4000) into its Ti and RP4 
components resulted in a recovery of the oncogenic prop- 
erties'”. These observations can be explained if one assumes that 
pRP4: was reversibly integrated into a pTi-DNA segment that is 
essential for oncogenicity. The EcoRI and Smal restriction 
fragment patterns of pGV4000 indicated that pRP4 had been 
integrated into the EcoRI- 1 and the Smale fragments of pTi- 
C58 (Fig. 3). 

To confirm that the integration of pRP4, resulting in a loss of 
oncogenicity, had occurred in the ‘common’ DNA sequence, the 
pTi-ACHS5 Hindlll fragment 1 was hybridised with the HindIII 
restriction fragments of pTi-C58 and pGV4000 DNA. Figure 3 
e and f shows that the integration of pRP4 has occurred into the 
Hind fragment 22 of the pTi-C58, as this fragment is absent 
and gives rise to two pTi-C58: :RP4 composite DNA fragments. 
As this fragment 22 is. completely homologous to the cor- 
responding pTi-ACHS5 DNA, one can conclude that RP4 has 
indeed been integrated into the conserved segment. A more 
precise mapping of the pRP4 insertion site (data not shown) has 
confirmed its localisation within the DNA region homologous to 
all Ti-plasmids tested so far (see also Chilton et al.**). Figure 4 
shows the position of the Smal, EcoRI and HindIII fragments of 
pli-C38 and pTi-ACHS in the region of the conserved segment 
and the localisation of the pRP4 integration site in pGV4000. 
The T-region is defined as that segment of the Ti-plasmid that 
has been found integrated into the plant DNA. The extent and 
localisation, of the ‘octopine’ T-DNA, determined by Cot analy- 
sis and the ‘nopaline’ T-DNA, determined by Southern 
hybridisation (M. De Beuckeleer, in preparation), can be seen in 
Fig. 4. 

~The results presented here indicate that different types of 
Ti-plasmids have a highly conserved DNA segment and that at 
least part of this conserved or common DNA segment is 
involved in determining the oncogenic properties of the Ti- 
plasmids, as the reversible integration of the pRP4 into this 


conserved region results in the reversible loss of oncogenicity. 
The suggestion of the involvement of this conserved segment in 
oncogenicity is further supported by the finding that it borders 
and partly overlaps the regions of both the octopine and the 
nopaline Ti- “plasmids (T-DNA) shown to be present in trans- 
formed plant cells'® (De Beuckeleer et al., in preparation). Some 
of these results have been previously reported in a preliminary 
form'® 1S 
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Level 
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A collection of articles based on papers 
given at a Biological Council 
Symposium on Drug Action. The 
eminent contributors show how 
valuable the molecular approach can be 
in furthering our understanding of the 
physiological systems with which drugs 
interact, and of the relationship between 
chemical structure and biological 
activity. 
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A new approach 
in tissue culture 


PETRIPERM 


a novel culture dish 

with gas permeable 

membrane as cellular 
' support. 


Additional advantages of the PETRIPERM membrane are: 


E UV permeable 200 nm 
E Suitable for high power lightand fluorescence microscopy 


E The membrane can be cut for cell cloning, electron 
microscopy, staining and documentation 


@ Chemically resistant to acids, bases and organic solvents 


PETRIPERM is available either with a hydrophilic surface for 


optimal attachment, or with a hydrophobic surface for easy 
detachment of adherent cells. 


in the ntact animal. the pH. and the partal 
pressure of both oxygen and CO; of the cell 
environment are under total biochemical and 
physiological control This state is not even 
approximated by availabie techniques of 
monolayer cell culture in conventional tissue 
culture ware. Continuously Changing gradients 
of these parameters in the micro-environment 
of cultured cells will obscure the biological 
significance of culture dependent phenomena 
PETRIPERM is the prerequisite for the precise 
control of pO2 pCO and pH in the cellular 
environment as gases react the cullurec cells 
directly through the highly gas permeable 7. 
Æ mMm tuck membrane 
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We build the 
incubator with 
appropriate 
pCO2, pH and pO2 
control units 
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15 Schel, J & Van Montagn, M Brookhaven Symp Bred 29, 36-49 (1977) print both on the basis of size and base composition’. Further 
e T a a a limited digestions of each 5'-°P-labelled T,-fragment with 
18. Mamatis, T , Jeffrey, A à Kiei, D Proc matt Acad Sa U.S A 72, 1184-1188 (1975) either pancreatic ribonuclease cleaving only after pyrimidines 
ae ean ORT et a arth ee ee era Ts and yielding *7P-m°AmCp and **P-m°AmCmACp) or T3 ribo- 
21 Sharp, P A, Sugden, B & Sambrook, ] Biockemzsiry 12, 3055-3063 (1973) nuclease (cleaving after both pyrimidines and purines and yield- 
22 Denbardt, D T Biochem ephys Res Comemun I3, 641-646 (1966) ing **P-m°AmCp and **P-m°AmCmAp) were carried out to 


i oe er eer rere ae nt Meare determine the relative amounts of type 1 and type 2 cap struc- 
24 Cito, M D, Dremmoad,M H , Merio, D J & Scaky,D Namre 276,147-151(1978) tures present in each mature mRNA molecule. 
| Figure 1 shows a representative two-dimensional homo- 
eS eee chromatographic analysis of a pancreatic RNase digest of the 
. 32p.8-globin mRNA 5’-terminal Tj-fragment purified as 
described above. The two distinct products eat are clearly 
è ° resolved in this system, “*P-m°AmCp and ““P-m°AmCmACp, 
Different cap 1: cap 2 ratios are separated on the basis of both size and base composition®. By 
in rabbit œ and B globin mRNA similar analysis, a T,-RNase digest of the same 8-1,-fragment 
also resolved two products, **P-m°AmCp and **P-m°AmCmAp 
(data not shown). By quantitating the radioactivity present in 
CAP structures type 0 (m’G* ppp” X} type 1 (m’G*”ppp*XmY), each product, one can determine the cap i: cap 2 ratio for an 
and type 2 (m’G"ppp"XmYmZ), differing in the number of individual globin mRNA. The results from various preparations 
2'-O-methylated penultimate nucleotides, have been found at of rabbit a and B globin mRNA differing only in their relative 
the 5’ termini of many viral and non-viral eukaryotic messenger recovery are summarised in Table 1. The cap 1: cap 2 rato in 
RNAs’. The ability to quantitatively remove the m’G*ppp- three different mRNA preparations was consistently two- to 
blocking group from eukaryotic mRNAs and to subsequently threefold higher for rabbit a mRNA than for 8 mRNA. This 
label their 5’ termini with “*P using [y-" P]ATP and T, poly- result was independent of the relative quantities of a and B 
nucleotide kinase has led to the determination of nucleotide mRNA present in various preparations and the method used for 
sequences present at the 5’ termini for rabbit a and # globin separation and measurement of the T, or pancreatic digestion 
mRNA?” and alfalfa mosaic virus RNA 4 (ref. 4). The first six products. Also, these results did not reflect a difference in a 
nucleotides of both rabbit a and 8 globin mRNA are identical potentially lower percentage of S’-iabelling of a type 2 cap 
and these two mRNAs each contain a mixture of cap types 1 structure by T, polynucleotide kinase due to the additional 
(m’G"ppp5’m*AmC) and 2 (m’G*ppp*m°AmCmA), differin 2'-O-methylation®, as this would have been the case for both a 
only by the 2'-O-methylation of their penultimate C residues’. and 8 mRNAs. 
This 5’-end labelling procedure can also be used to determine The significance of a two- to threefold enrichment of type 1 
the relative amounts of cap types for each individual rabbit cap structures in mature rabbit a relative to 8 globin mRNA is 





Table 1 Rato of c.p.m. cap 1/c.p m. cap 2 in [5’-**P]-labelled rabbit a and £ globin mRNA 


Analysis 
Ta digest Pancreatic digest 
k SSS SSS E eS SS Se ee Meanie 
Preparation a/B A C B C cap 1/cap 2 
i 053 @ 515/230 (2 24) mn -— — 2 24 
B 503/420 (1 20) a — — 1 20 
1 4410 a 650/200 (3 24) 2,200/650 (3.40) 770/275 (2.80) — 3.15 
T B 440/320 (1.37) — 440/295 (1 35) 700/660 (1 06) 127 
m 0.35 a— 1,390/530 (2.62) — 1,210/390 (3.10) 2.86 
i 8 — 2,000/1,425 (1.40) 2,950/1,735 (1 70) i 55 


tt RT I a 

Limit digestion of *?P-labelled a and 6 globin mRNA 5’-terminal T; fragments with either T, or pancreatic RNase were analysed as follows. A, 
Thin layer partition chromatography m lsobutyric acld-concentrated NH,OH-H,0 (66: 1:33, v/v) (pH 3 7} B, Thin layer partition chromatography 
in 0.1 M sodium phosphate (pH 6 8) (100 ml) (NH4}SO, (60 g), and a-propanol (2 ml) C, Two-dimensional homochromatography as described In 
Fig. 1 AN three methods of analysis completely resolved both cap 1 and cap 2 structures from T- and pancreatic RNase digestions. Thin layer or 
homochromatography plates were autoradiographed and material detached from the glass by erther scraping or removed as solid platelets using a 
solution of nitrocellulose’ and then counted ın toluene scintilant’. a/8 mRNA ratios were determined from counts present in both **P-labelled æ and 
8 5’-terminal T, fragments purified by two-dimensional fingerprinting’ of a T, RNase digest of unfractionated 5’-°*P-labelled globin mRNA. There 
was reproducibly a direct correspondence between the relative amounts of radioactivity present in each 5'-*2P_labelled T, fragment and the actual 
relatrve amounts of a and £ globin mRNA present in each MRNA preparation as determined by polyacrylamide gel electrophoresis in both 7 M urea 


and98% formamide’, Differences in relatrve recoveries for a and 8 mRNA in various polysomal RNA preparations were due to procedural variations 
during pheno] extraction of reticulocyte polysomes?’. 


globin mRNA, ‘without having to first punfy each MRNA to not clear. Results obtained by incubating erythropoietic mouse 
homogeneity’. In this work the cap 1-cap 2 ratios have been spleen cells with [methyl--H]methionine have suggested that 
determined. The results indicate a two- to threefold enrichment newly synthesised a and 8 globin mRNA may also exhibit 
of type 1 cap structures in a relative to 8 MRNA. simuar cap ratio differences.” In the reticulocyte it has been 

When a mixture of [5’-*?P]-labelled æ and £ globin estimated that each molecule of 8 globin mRNA initiates 
mRNA was eomp l digested with T, ribonuclease, the protein synthesis at a rate 30% faster than amRNA®”™''. This 
individual a and f[5’-**P]-labelled T, fragments were purified difference is probably reflected in a difference in their nucleotide 
by two-dimensional fingerprihtings*. The a-T,-fragment (°?P- sequences at or near the region for initiation of protein 
m’AmC(m)ACUUCUGp) and the §-Tj-fragment (’P- synthesis. In this laboratory, it has been shown that there is a 
m*AmC(m)ACUUGp) resolve from one another in the finger- strict requirement for the integrity and presence of the m’G 


* 4 
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residue in the 5'-terminal cap structure for translation of rabbit 
globin mRNA both in vitro and in vivo”. It has also been shown 
that 6 -eliminated vesicular stomatitis virus and reovirus mRNA 
have significantly higher rates of ribosome binding than cor- 
responding unmethylated mRNAs in a reticulocyte lysate”, 
Whether the relative amounts of secondary 2'-O-methylations 
in normally capped a and 8 globin mRNA help determine their 
respective ribosome binding rates in the reticulocyte, however, 
is open to speculation. 

In both mouse L cells'* and Novikoff hepatoma cells’’, it has 
been shown that cap structures in cytoplasmic mRNA are 
derived from type 1 cap structures in heterogeneous nuclear 
RNA (hnRNA) from which a significant proportion is gradually 
converted to type 2 cap structures in the cytoplasm. Whether the 
observed differences in amounts of secondary 2'-O-methyl- 
ations in rabbit a and 8 globin mRNA are therefore a reflection 
of their relative age or relative rates of mRNA turnover during 
erythroid development is currently under investigation. Recent 
experiments with mature mouse a and B globin mRNA also 
indicate similar cap 1:cap 2 ratio differences, 


@ “P-m®amcp 


@ “p-m’amcmacp 





Fig.1 Autoradiogram of a pancreatic RNase digest of the 32P-8 
globin mRNA 5’-terminal T,-fragment. First dimension: cellulose 
acetate electrophoresis in pyridinium acetate buffer (pH 3.5) in 
7M urea. Second dimension: DEAE-cellulose TLC in 50 mM 
KOH strength ‘homomix”’. The circled ‘B’ indicates the position of 
the xylene cyanole FF dye. Preparation of *’P-labelled a- and 
B-globin mRNA 5'-terminal T, fragments was as described else- 
where’. Pancreatic and T, RNase limit digesion conditions of these 
fragments and their subsequent analysis by two-dimensional 
homochromatography has also been described? 
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The murine kappa light chain shift 


THE immunoglobulins of mice and other animals consist of 
several distinct heavy chains associated with either of two light 
chains (x or A). Adult animals of different species produce 
immunoglobulins which demonstrate widely divergent ratios of 
k to A light chains. In mice, most of B-cell surface immuno- 
globulins possess x light chains’. However, as all previous work 
on the ratio of «/A immunoglobulins was based on experiments 
with adult animals, the possibility that immature populations of 
B cells may demonstrate a more evenly balanced ratio of x to A 
positive cells was investigated. In this study, populations of 
cells known to contain immature B lymphocytes were 
examined by indirect immunofluorescence for the presence of « 
and A positive cells. The results demonstrate that fetal liver, 
bone marrow and spleens from young mice contain B cell 
populations with a «/A ratio approaching unity. In the spleen, 
the «/A ratio increased as a function of age with the most 
dramatic shift occurring between 4 and 6 weeks of age. A 
similar, but less dramatic increase in the «/A ratio occurs in the 
bone marrow. Based on these data, we propose that the final 
predominance of «-bearing cells is based on a two-stage pro- 
cess. Initially, there is an equal probability of « or A light chain 
expression at the cell surface. However, the «-bearing cells, 
which possess a more abundant repertoire of V, genes, even- 
tually predominate as a result of antigen driven clonal expan- 
sion. 

Ontogenetic shifts occur between different heavy chain 
constant region (Cy) genes, allowing the association of the 
same V region genes with various Cu genes’. In all cases 
studied, these genes determining the various heavy chains exist 
in a single linkage group and share a common set of variable 
region (Vy) genes*”"*. By contrast, the two classes of light 
chain, x and A, are determined by unlinked genes and each is 
associated with its own characteristic set of V genes'*. There is, 
as yet, no evidence of any relationship between light chain class 
and physiological function or of any ontogenetic shift between 
A and « light chains. Hood et al.’ have suggested that the 
predominance of « or A in a species is due to an evolutionary 
selection process in which a positive force has preferentially 
favoured one class of light chain. 

It has been observed that the proportion of plasmacytomas 
and myelomas expressing « or A light chains in mice reflects the 
frequency of those light chains found in normal serum 
immunoglobulins'*'’. Further, it has been observed that the 
more abundant class of light chain in each species is associated 
with a greater number of V region subgroups, presumably 
reflecting a greater number of associated germ-line V genes’®. 
These observations suggest that the imbalance in the «/A ratio 
is proportional to the number and diversity of the V region 
genes associated with each. 

Here we present evidence that the expression of either x or A 
at the cell surface is a two-step process. The initial choice 
between expression of « or A is based purely on random 
selection of an equal number of constant region genes. The 
preferential display of one or the other is then most likely 
based on antigen driven clonal selection, which in turn is 
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determined by the number of x and AV genes. Furthermore, 
we believe this selection force occurs during ontogeny, rather 
than as a phylogenetic event. 

The percentage of cells in the spleen, bone marrow, and fetal 
liver which bear surface x and A light chains has been deter- 
mined by indirect immunofluorescence. As shown in Table 1, 
the absolute percentage of Ig-positive cells increases in the 
spleen as a function of age; however, the ratio of x- to À- 
positive cells does not remain constant during this process. 
Initially, in the spleen of i-week-old mice, the ratio («/A) is 
2.03, yet by 6 weeks of age this ratio has reached 6.59. The 
shift is not gradual as one might expect, but dramatically 
changes between 4 and 6 weeks of age. This shift seems to be 
T-cell independent in that the «/A ratio in adult nude mice does 
not significantly differ from normal adult mice (data not 
shown). By contrast, the «/A ratio in the bone marrow remains 
near unity until 1 yr of age when the value increases slightly. 
Similarly, the «/A ratio of Ig-positive cells in the fetal and 
newborn liver approaches unity. A plot of the « to A ratio in 
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the bone marrow and spleen as a function of age is shown in 
Fig. 1. 

Statistical analysis of these data corfirms the significance of 
the apparent increase in the x/A ratio (Table 2). In the spleen 
population, a clear pattern emerges. The «/A ratios of animals 
1, 2 and 4 weeks old are not statistically different, however, the 
«/A ratios of the 6-week and 1-yr-olc mice do differ from the 
1—4-week-old groups. Although the «/A ratio in the spleen 
seems to increase again between 9 weeks and lyr, the 
difference was not significant (P > 0.05). The differences in the 
ratios of the spleen populations have bzen further confirmed by 
non-parametric Mann-Whitney C-sample and one-way analy- 
sis of variance testing (see Table 2, legend). The results from 
these statistical analyses and the apparent trend for the «/A 
ratio in the spleen to increase as a function of age (Fig. 1) 
support our hypothesis that the «/A ratio shifts during onto- 
geny as a result of some positive selection force, possibly anti- 
genic stimulation. Analysis of the resu_ts from the bone marrow 
population also suggest an increase in the «/A ratio as a 





Table 1 % x-positive and A-positive cells in lymphoid organs as a function of age 





% Stained cells/Total nucleated cells* 


Cell 
Age population No. tested RoMIg Rax Roa Ratio «:A 
Fetal Liver 3 poolst 16 7+1 St 10.3421 9.0+2.0 114 
(18~19d) (15-18) (8-12) (7-11) 
Thymus 3 pook 2.3+0.6 ND ND 
(2-3) 
Newborn Liver 3 pools 16.3+2.3 IELI 9.3432 0.83 
(<24 hr) (15-19) (5-10) (7-13) 
Thymus 4 pools 2.8+40.5 ND ND 
(2-3) 
1 week Spleen 3 pools 14.0+2.0 9.7+0.6 4.7+1.2 2.06 
(12-16) (9-10) (4-6) 
Thymus 3 pools 2.04 1.0 ND BD 
(1-3) 
2 weeks Spleen 4 20.5+6.9 14.0+4.1 4.0+1.4 3.50 
(11-27) (10-18) (2-6) 
Thymus 4 1.0408 ND MD 
(<1-2) 
Bone marrow 3 pools 24.3 +3.5 8.3+2.1 13.C 5.6 0.64 
(21-28) (6-10) (7-18) 
4 weeks Spleen 5 42.641.5 33.4+5.8 11.044.1 3.03 
(41-45) (26—40) (6-15) 
Thymus 4 0.30.5 ND ND 
(<1-1) 
Bone marrow 4 22.844.4 10519 11.348 0.93 
(19-29) (9-13) (7-18) 
6 weeks Spleen 4 51.8+5.2 45.5+5.3 6.9+1.3 6.59 
(48-59) (41-53) (3-8) 
Thymus 4 13+1.0 ND ND 
(<1-2) 
Bone marrow 5 25.6+2.8 12.8+3.0 10.2+5.3 1.25 
(21-28) (8-16) (4-17) 
1 yr Spleen 8 49.4+43.0 44.5439 §.3542.3 7.95 
(46-54) (41-52) (3-9) 
Thymus 4 2.0+ 1.4 ND ND 
(1-4) 
Bone marrow 4 26.84 5.0 18.5+6.4 9.343.0 1.99 
(22-32) (13-25) (13) 


* Indirect immunofluorescence was performed by a modification”? of the method of Pernis et al.”. Rabbit anti-x chain serum (RO x) was from 
Bionetics and rabbit anti-A chain serum (ROCA) was provided by Dr James D, Folds (UNC, Chapel Hill) Polyspecific rabbit anti-mouse 


immunoglobulin serum (Ro MIg) was produced as described previously” 
tories. All antisera were used at a dilution of 1 40 in PBS-0.05M NaN3. 


. Fluorescein-conjugated goat anti-rabbi Ig was from Meloy Labora- 
Controls for phagocytosus and nonspecific adaerence of Ig consisted of cells 


incubated only with the second antiserum or by using normal rabbit serum in place of the primary antiserum These were conmstently found to be 
nogative (<2%). Results are expressed as % cells positive for surface fluorescence/total nucleated cells ccunted (>200) Mice of the 
CS7BL/10ScSn and CBA/J background were used. As there was no apparent strain differences all data were pooled for analysis. 

t A ‘pool’ consisted of the spleens, thymuses, or bone marrows of 4 animals which were combined in order to obtam sufficient cells to perform the 


assay. 


+ Mean + standard deviation and range of percentages obtained from determinations for each cell population. ND not determined. 
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Table 2 Statistical analysis of change in «/A ratio in splenic and bone marrow B lymphocytes during ontogeny: paired contrast f-testing 
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Statistical difference from: 





No. of tee anne nen 
Age observations R 1 week 2 weeks 4 weeks 6 weeks lyr 

Spleen 1 week 3 pools 2.14+0.43* X 

2 weeks 4 pools 3.83 + 1.64 NSt X 

4 weeks 5 pools 3.54 +1.91] NS NS x 

6 weeks 4 pools 6.92 + 1.42 P<0.005 P<0.025 P<0.01 xX 

1 year & pools 9.2544.1 P<0.0005 P<0.0005 P < 0.0005 NS X 
Bone marrow 2 weeks 3 pools 0.62+0.31 -— X 

4 weeks 4 pools 1.01 +0.28 — NS X 

6 weeks 5 pools 1.53+0.86 —— NS N X 

1 year 4 pools 2.07 +0.65 — P<0.025 P<0.025 NS X 


aaa UU 


Spleen and bone marrow cells from mice of various ages were assayed for % x-positive and % A-positive cells and «/A ratio was computed for 
each observation. For statistical analysis, the mean of the individual «/A ratios was determined for each age category. This convention was chosen 
since comparing the ratios of means is a less well-established procedure for this type of multi-level experiment. For parametric testing it is assumed 
that these observations are normally distributed as there is no apparent reason to indicate otherwise. Results from the paired contrast 1 test?‘ are 
presented above. Results were also tested for significance by one-way analysis of variance (ANOVA)*™ and non-parametric Mann-Whitney 
C-sample testing”. On ANOVA testing, the means of the «/A ratios in the different age categories of the spleen were found to be statistically 
different (P < 0.001), Similarly when tested by the more conservative non-parametric Mann—Whitney C-sample test, these ratios were also found to 
differ (P < 0.001), Although the paired contrast £ test demonstrates significance for the different age groups in the bone marrow, the means of the 
bone marrow age groups were not different (P > 0.05) when tested by ANOVA and Mann-Whitney C-sample testing. Further, it should be noted 


that these cell populations do not demonstrate homoscadasticity (equal dispersion within age categories), thus the results from these statistics may 


be affected by failure to comply with this assumption. 
* Mean of the individual «/A ratios +s.d. 
t Not significant at oc = 0.05. 


function of age. When the means of the ratios for the different 
age categories were compared by paired contrast f-testing, the 
2, 4 and 6-week-old groups were not different, however the 
l-yr-old group was found to be different from the 2 and 4- 
week-old groups. Unlike the results obtained with the spleen 
populations, we were unable to confirm the significance of the 
changes in the bone marrow with one-way analysis of variance 
and non-parametric Mann-Whitney C-sample testing. Despite 
these limitations, a general trend towards an increasing «/A 
ratio is seen in the bone marrow as a function of age, suggesting 
ax«/A shift occurs which is similar to, but less dramatic than, the 
shift seen in the spleen. 
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Fig. 1) Shift in «:A ratio in murine B lymphocytes with age. 


Barandun et al.’* have also reported a slight but significant 
shift in the «/A ratio in normal human serum immunoglobulins 
as a function of age. Also similar to our findings, Spear et al.'° 
have shown a near doubling in the percentage of Ig-positive 
Swiss-L mice spleen cells between 2 and 4 weeks of age. 
Coincident with the increase in B cells, they noted an onset of 
the capacity to respond to antigens and a significant increase in 
the ratio of B to T lymphocytes. These events are thought to 
occur as a result of, rather than the cause for, immunological 
competence. 

Based on these data, we propose that prior to an antigen 
driven selection process the probability of a cell expressing 


surface x or surface A is equal. The nearly equal proportion of 
k- and A-positive cells in the populations which contain 
immature B cell precursors (bone marrow and fetal liver), 
strongly supports this hypothesis. Between 2 and 4 weeks of 
age an overall increase in the percentage of Ig-positive spleen 
cells occurs, yet the relative «/A ratio remains essentially the 
same. However, between 4 and 6 weeks of age, this ratio 
increases significantly (Table 2). This event may be due to the 
onset of immunological competence in the animal, allowing the 
selective clonal expansion of «-bearing B cells. Molecular stu- 
dies of immunoglobulin diversity also support this idea. In 
mice, which have so many more V genes associated with and 
available as partners to the x C gene, the probability that they 
can collaborate with Vy genes to provide a good ‘fit’ for 
antigen is high’. Thus, during maturation, exposure and 
response to antigens will favour the expansion of the clones of 
cells expressing « light chains. 

As a corollary to our hypothesis, we would predict that the 
examination of spleen cells of adult gnotobiotic mice would 
show a «/A ratio significantly different from their normal 
littermates (that is, closer to unity). Furthermore, it may be 
possible to shift the «/A imbalance prematurally by deliberate 
immunisation of 2~3-week-old mice. Data from such experi- 
ments have proven suggestive, but not significant. The injection 
of a few exogenous antigens may be inconsequential in relation 
to the vast array of endogenous and environmental antigens 
‘seen’ by the animal when immunological competence occurs. 

The stimulus for this study was the observation that two 
recently discovered murine B-cell lymphomas were both found 
to express A light chain associated with their surface IgM”. 
This seemed to be most unlikely, on the basis that only about 
5% of mouse immunoglobulins express A chains and only very 
few murine myelomas have A light chains'®'’, However, other 
cell surface characteristics (the absence of IgD and C’3 recep- 
tors) suggested that both tumours had been derived from a 
population of cells early in the ontogenetic pathway of B 
cells”, Thus, we were led to examine other populations of 
immature B cells. Having done so, it seems that the initial 
selection made during maturation is between «x and A C genes, 
and that only later do V genes become influential (that is, at 
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the time of onset of immunological competence). As a result, 
we further predict that in all species, the proportion of malig- 
nancies of ‘early’ B cells expressing surface x or A light chains 
will approach unity. 

We thank Dr W. D. Kalsbeek for his help with statistical 
analyses and K. Mohr for assistance in production of mice. 
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Comparison of the evolution rates of 
cytosolic and mitochondrial 
aspartate aminotransferase 


Two isoenzymes of aspartate aminotransferase (AAT) occur in 
animal and possibly in all eukaryotic cells, one in the cytosol 
(cAAT) and the other in the mitochondria (mAAT). Both 
isoenzymes are composed of two identical polypeptide chains of 
about 400 amino acid residues and their reaction mechanisms 
and kinetic features ‘are essentially the same’*. They are 
homologous proteins, as evidenced by 48% sequence identity of 
the two isoenzymes from 'pig™“, and are both coded for by 
nuclear DNA and synthesised by cytosolic ribosomes*”’. 

Comparison of the isoenzymes from pig with those from chicken 
by quantitative microcomplement fixation has shown that the 
interspecies similarity of the mitochondrial isoenzymes 
markedly exceeds that of the cytosolic isoenzymes". The same 
conclusion has been reached by comparison of the known amino 
acid sequences of the pig isoenzymes’* with the chicken iso- 


enzymes, for which more than half of their sequences have - 


already been determined. The sequence identity of the two 
cytosolic isoenzymes seems to be approximately 50% (Y. M. 
Torchinsky, personal communication), whereas that of the two 
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Fig.1 Evolution of cytosolic (a) and mtochondrial (6) AAT. The 
mean immunological distances between the reference enxymes 
from pig and from chicken and the respective woenzymes from the 
indicated vertebrate classes or ordert are plotted agaist the 
palacontologically estimated tumes of d.vergence of the ancestors 
of the reference species pig and chicken from the various verte- 
brate classes or orders. Immunological distances are taken from 
Table 1 and are not corrected for multple mutations at the same 
site. To join the lines of the cytosolic pig and chicken enzyme in a at 
the point of their divergence 300 Myr ego, the line of the porcine 
enzyme was translated vertically by +83 immunological distance 
units. This translation distance was de ermined as the difference 
between the immunological distance of mammals and birds (mean 
of the reciprocal crossreactions 200 units) and the interpolated 
value of the line of the chicken enzym et 300 Myr (117 units) The 
assumed times of divergence are’, in Myr: fishes, 400; amphi- 
bians, 340; birds and reptiles from mammals, 300; birds from 
reptiles, 240; mterordinal divergence of placental mammals, 70; 
interordinal divergence of birds, 70; pig from the other artiodac- 
tyls, 60. The slope of the lines correspcnds to the double value of 


. _ the rate of evolution because the {mmurological distance measured 


is the sum of the changes accumulated by the 2 species compared 
since divergence from a common ancescor, The slope of the line of 
cAAT is 0.39 (r= 0.95) throughout ths vertebrate classes except 
for mammals, where the slope is 0.97, For mAAT, the slope is 0-39 
(r = 0.96) and 0.36 (r = 0.98) when measured with anti-mAAT,, 
antiserum and with anti-mMAAT ase. antiserum, respectively 


mitochondrial isoenzymes is about 8£% (ref. 9 and U. Hausner, 


P. C.-K. J. Wilson, unpublished). In the present study, the 
immunological interspecies comparison of the two isoenzymes 
was extended to species of all verteb-ate classes. The evolution 
of the two compartmented isoenzymes was found to have pro- 
ceeded at identical and constant rates throughout the develop- 
ment of the nonmammalian vertebrates. After the emergence of 
mammals, however, the rate of evolution of the cytosolic iso- 
enzyme more than doubled while its mitochondrial counterpart 
retained the slower rate of the nonmammalian vertebrates. 
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Table 1 Immunological distance between cAAT and mAAT from pig and chicken and the respective isoenzymes from species of all vertebrate 
classes 
nanan reenter 
Immunological distance between reference enzyme 
and respective isoenzyme from the indicated species 


Species (source of extract) CAAT pig mAATh ic CAAT chicken MAA T chicken 
Artiodactyls | 
Pig (Sus scrofa) 0 Q 218 108 
Black-Buck (Antilope cervicapra) 45 30 177 120 
Sheep (Ovis ammon ) 33 22 162 98 
Ox (Bos taurus) | 30 13 178 102 
Stag (Cervus elaphus) 4] 24 186 100 
Alpaca (Lama guanacoé) 49 28 187 110 
Mean +5.é.m. 40+4 2343528 106+3 
Species of other mammalian orders 
Dog (Canis familiaris) | 63 39 189 116 
Cat (Felis silvestris) 73 26 224 | 116 
Horse (Equus caballus) 67 40 232 173 
Otter (Lutra lutra} 97 52 237 123 
Mean +5.e.m. 7548 3945 22111 132414 
Birds 
Chicken (Gallus gallus) 189 102 Q 0 
Duck (Anas platyrhynchos) 162 98 12 20 
Goose (Anser anser) 180° 109 18 18 
Rhea (Rhea americana) 197 89 7 28 
Pigeon (Columba livia) 236 98 = 19 12 
Budgerigar (Melopsittacus undulatus) 207 105 45 43 
Buzzard {Buteo buteo} 215 82 48 13 
Crow (Corvus corone) 192 119 42 7 
Mean +s.e.m. 197+8 100+4 26+7 2045 
Reptiles 
Tortoise (Testudo hermanni) 224 126 104 107 
Turtle (Chelonia spp.) 207 110 100 102 
Crocodile (Crocodilus niloticus) 215 100 75 73 
Python (Python reticulatus) 203 130 100 63 
Mean +s.e.m. Zils 11747 9547 86211 
Amphibia | 
Frog (Rana ridibunda) 219 sae 98 | 110 
Salamander (Pleurodeles walthii} 198 207 154 113 
Mean +5.e.m. 209+ 11 167+ 40 126429 112+2 
Fishes 
Whitefish (Coregonus fera) = 135 151 138 
Trout (Salmo fario) a 151 172 132 
Carp (Cyprinus carpio) oe 130 158 143 
Grayling (Thymallus thymallus} — 143 160 128 
Mean +s.e.m. — 1405 160+4 13323 





The immunological distance between the reference antigens (isoenzymes from pig and chicken purified to homogeneity) and the corresponding 
isoenzymes of the tested species were measured by quantitative microcomplement fixation as reported previously®. In pig and chicken the 
immunological distances obtained with heart tissue extracts were the same as those determined previously with the isolated enzymes®. No 
crossreactions between isolated cAAT and mAAT from either pig or chicken were observed. Thus, heart tissue extracts were tested without 
separating the two isoenzymes. Heart tissue was frozen not later than 3 h post mortem and stored at — 20 °C. The thawed tissue was homogenised with 
a Duall homogeniser in 5 volumes of the buffer used for the complement fixation, and centrifuged a 2,000g for 15 min. The extent of complement 
fixation at different concentrations of antiserum was determined at serial dilutions of the homologous and the heterologous antigen. A plot of the peak 
heights of the complement fixation curves against the logarithm of the antiserum concentration yielded a straight line. The lines of the crossreactions of 
a given antiserum with heterologous antigens were essentially parallel to the line obtained for the homologous reaction. The immunological distance 

“{{D) was calculated according to ID = 100 log (antiserum concentration for 50% complement fixation with the heterologous antigen/antiserum 
concentration for 50% complement fixation with the homologous antigen) (refs 8, 10). Both anti-mAAT antisera crossreacted with rabbit heart 
extract as judged by quantitative microcomplement fixation and the Ouchterlony double-diffusion test. The crossreacting antigen from rabbit heart 
showed the same electrophoretic mobility in immunoelectrophoresis and the same molecular weight as mAAT from pig and chicken (determined by 
polyacrylamide gel electrophoresis in sodium dodecyl sulphate after extraction of the antigen-antibody complexes with Staphylococcus aureus 
carrying protein A). Thus, it is very likely that the immunisation with either heterologous mitochondrial isoenzyme had resulted in the production of 
antibodies against the rabbit’s own mAAT. Similar breakage of the immunological tolerance has been reported for a-fetoprotein’’. In the present 
instance, this phenomenon might be related to the sequestration of the antigen in the mitochondria. The crossreactions in quantitative microcomple- 
ment fixation between the rabbit mAAT and the rabbit antisera against mAAT from pig and chicken are weak, corresponding to an immuno- 
logical distance of 211 and 206, respectively. These crossreactions reflect an increase in antigenicity of the mitochondrial isoenzymes, that is, a larger 
surface portion surveyed by the antibodies, which may be expected to increase the reliability of the immunology sequence relationship ~. No reliable 
crossreactions were obtained from anti-cAAT,,, antiserum and the fish heart extracts. 
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Antisera to cAAT and mAAT from both pig and chicken 
were produced as described previously". The degree of 
immunological crossreactivity of these reference antisera with 
the respective isoenzymes from representatives of all vertebrate 
classes was determined. by quantitative microcomplement 
fixation and was expressed in terms of immunological distance 
(Table 1). Remarkably, the immunological distances between 
cAAT,;, and cAAT from all other species are substantially 
larger than those between mAAT,,, and mAAT from the other 
species. Similarly, | the immunological distances between 
CAAT cnicken and CAAT from mammalian species are twice as 
large as the corresponding immunological distances obtained for 
mAAT chicken. In contrast, the same immunological distances 
were obtained. when cAATaiccon and mMAAT aicken Were 
compared with the corresponding isoenzymes from the non- 
mammalian vertebrate classes. The temporal course of the 
evolution of the cytosolic and the mitochondrial isoenzymes is 
reconstructed in Fig. la and b, respectively. The plots of the 
immunological distances against the times of divergence of the 
phylogenetic lineages show a constant rate of change for mAAT 
throughout all v rtebrate classes. A constant rate of the same 
PE T also to cAAT i in all nonmammalian verte- 


















ng that- 
occurred after the. martihals had decid from the common 
ancestor of reptiles and birds. This acceleration of the rate of 
evolution as found with the anti-cA AT pi antiserum is confirmed 
by the reciprocal | reactions with anti-cAAT nicken antiserum (see 
Table 1). : 

For a set of: kanobi variants of a given protein, the 
immunological distance (JD) has been found to correlate 
linearly with the percentage amino acid sequence difference 
ling to the equation ID = 5 x Aaa (refs 14, 15). For 
cAAT, the average time required for a 1% change in the amino 
acid sequence to arise. between two genealogical lineages can 
thus be estimated to be 6 Myr in mammals and 12 Myr in the 
other vertebrates. The latter estimate also obtains for mAAT 
throughout the phylum of vertebrates. The values lie within the 
range found fo tracellular enzymes'®. On the basis of 
these rates of change, the gene duplication underlying the 
development of tl chondrial and the cytosolic isoenzyme 
(amino acid sequence difference in pig, 52% (ref. 4)) may be 
assumed toh cen place about 600 Myr ago, at the time of 
the emergence of the vertebrates. This indicates that the iso- 
enzymes of the.vertebrates do not originate from the same gene 
duplication that pave rise to the isoenzymes found in fungi'’ and 
plants’*. 

Changes i in the rate of evolution of certain proteins such as 
globin chains’? or lysozyme/lactalbumin”® have been reported, 
but such changes have been questioned’®. However, the main 
argument against these « cases, that of the uncertainty in estimat- 
ing the time of interspecies divergence, does not seem pertinent 
to aspartate aminotransferase. The increase in rate is found 
specifically with the cytosolic i isoenzyme, whereas the closely 
related mitochondrial isoenzyme retains the slower rate of 
evolution. Thus, the conclusion that the cytosolic isoenzyme 
changed its rate of evolution is warranted independently of the 
palaeontological time scale. 

The increase in the rate of evolution of the cytosolic iso- 
enzyme in mammals may be due to positive natural selection 
towards an improved, newly developed function of the iso- 
enzyme or may reflect the loss of an obsolete noncatalytic 
function. The cause of the change in the evolution rate remains 
open to conjecture. The fact, however, that the crucial 
difference between the two compartmented isoenzymes exists 
only in mammals might facilitate its eventual identification. 
Data soon available on the primary and spatial structure of both 
isoenzymes’ '~*? will enable the comparative study of the evolu- 
tion of their structural and functional features, thus providing an 
informative approach to the study of the interrelationship of 
function and evolution of proteins. 
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CRYSTALLOGRAPHIC data on the constituents of nucleic 
acids can be very useful in predicting secondary structures. 
Until recently only data from tbe crystal structures of 
mononucleosides and mononucleotmles have been used in 
building models of secondary structures for nucleic acids and 
polynucleotides. However, such data only provide information 
about the stereochemistry of nucleotides and not the relative 
orientation of the nucleotides around the 3’ and 5° phos- 
phodiester bonds. This relative orientation is the key factor 
which determines the secondary structure of nucleic acids and 
details of this orientation can be obtained from single-crystal! 
study of dinucleoside monophosphazes and other higher oli- 
gomers. So far, crystal structure data on the dinucleoside 
monophosphates GpC (sodium salt)’, Gp (calcium salt)’, 
ApU*, UpA‘*, a dinucleotide pTpT”, a trinucleoside diphos- 
phate ApApA®, and a tetranucleetide pApTpApT (MLA. 
Viswamitra, personal communicatiog) are available, We have 
analysed the conformations of these molecules and present 
here stereochemical criteria for the backba f the poly- 
nucleotide chains and the nucleic acids. Ap an of these 
criteria to nucleic acids indicates type II st 
proposed previously by us’ as an alternativ 
helix. 7 
Table 1 lists in the alphabetical notation the 
the sugar phosphate backbone of di nucle 
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t Tabie 1 Backbone torsion angles for the fragments from dinucleoside monosphates and related molecules 
| ` emee een rnin 


¢(5’) a B 
C4’-C3' C3'-O3' 

Set I Gpc 89 211 292 
Gpcl 79 222 294 

GpC2 73 217 291 

Gpc3 96 224 290 

GpC4 88 216 288 

ApUl 84 213 293 

ApU2 78 221 284 

ApA* 82 223 283 

ApT*(1) 90 213 294 

ApT*(2) 83 212 284 

Set II UpA(2) 71 224 164 
TpT* 157 252 163 

TpA* 134 204 168 

Set HI UpA({i) 86 206 81 
A*pA* 81 207 76 

Set IV ARNA 95 202 294 
ADNA 83 178 313 

B DNA 156 155 264 

CDNA 141 211 212 

DDNA 156 141 260 

B DNA (left) 140 200 212 


O3'—P 


y 8 E £(3') 

P-O5' —os'-cs’—cs'-ca’ cacy Pet 
285 184 50 17 1 
291 18i 47 79 2 
293 172,57 80 2 
286 167 63 74 2 
283 18] 52 87 2 
288 177 57 74 3 
295 168 58 77 3 
297 160 53 81 6 
293 176 68 134 i 
302 171 64 139 t 
271 192 54 93 4 
288 187 41 158 5 
286 186 49 83 t 

82 203 55 85 4 
92 186 56 79 6 
294 186 49 95 14 
285 208 45 83 15 
314 214.36 156 16 
315 143 48 141 17 
298 208 69 156 18 
282 165 40 140 t 





* Deoxy sugar. 
tM. A. Viswamitra, personal communication. 
= Present work. 


phates and similar fragments in higher oligomers*: row 2 shows 
the respective bonds about which the torsion angles are 
measured. The sugar and nucleoside parts of these dinucleoside 
monophosphate fragments have conformational features 





similar to those of mononucleosides and nucleotides®. Thus 
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Fig. 1 Helical domains in the -y space corresponding to the 
conformations gg, gf and ig about the C4’-CS’ bond, for C2’ endo 
(solid line) and C3’ endo (dashed line) sugar puckering. Only 
n= and h=0 are shown. Right and left helical sections are 

denoted by R and L. 


puckering of the sugar is either in the C3’ endo or C2’ endo 
region. The conformation about C5’-O5’ is trans (t) and about 
C4'-CS5' is gauche-gauche (gg). The major degrees of con- 
formational freedom responsible for the orientation of the 
adjacent nucleotide units are about the phosphodiester bonds 
and accordingly these fragments have been grouped into three 
sets. Sets I, II and III have, respectively, the conformation 
g g`, ig, g*gt about the P-O bonds. 

In sets I and II, y varies from 271° to 302°, whereas B varies 
from 283° to 293° in set I and 163° to 168° in set II. In set IH 
both 8 and y are restricted from 76° to 92°. Thus for B, the 
observed conformations correspond to g`, t, g*, whereas for y, 
they are g and g*. The other torsion angle æ varies from 204° 
to 224° except in TpT where it is 252°. Conformational energy 
calculations’’° also indicate that tg’,g*g* conformations 
about the P-O bonds observed in the crystal structures are 
energetically as favourable as the g g` conformation. The 
above conformational criteria of the backbone of the dinucleo- 
tide fragments have been used to predict possible secondary 
structures for polynucleotide chains. | 

Taking into account the conformational flexibility about the 
phosphodiester bonds and the possible variations in the 
remaining torsion angles, the conformational features of 
regular helical polynucleotide were analysed, using average 
bond lengths and bond angles for the monomer unit. Both 
right- and left-handed double helical structures with Watson— 
Crick base-pairing schemes were studied. The details of the 
calculations and the results will be reported elsewhere. Here, 
we discuss first the single chain helical parameters n and A (n is 
the number of nucleotide residues per turn and h the height per 
residue) which are relevant to the conformation of double 
stranded polynucleotides. As stated above, the major degrees 
of conformational freedom and the key to the conformation of 
nucleic acids are about the P-03'(B) and P-O5’(y) bonds. The 
salient features of the results are therefore presented in the 
B-y space keeping other torsion angles fixed (Fig. 1). Although 
the crystal data given in Table 1 suggest only gg conformation 
about the C4'-C5’ bond, we have also considered gt and tg 
conformations about this bond to determine the sensitivity of 
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the helical parameters with these conformations. The results 
are shown for two representative values of ¢, 90° and 140°; the 
former in the C3’ endo region and the latter in the C2’ endo 
region. Interestingly the helix forming domains shown in Fig. 1 
contain both right- and left-handed helices, and small changes 
in the values of B and y alter the sense of the helix. Also the 
helix that forms domains in the B—y space is sensitive to the 
sugar puckering and the conformation about the C4'—C5’ bond. 
Thus a change in ¢ from 90° to 140° produces a shift in 8 from 
g tot Thus a change in the conformation about the C4’—CS’ 
bond also produces a corresponding change in the confor- 
mation about y. If the conformations about the C4’~C5’ bond 
are gg, gt and tg, then in the helical domains the corresponding 
conformations about the P—OS’ bond are g`, t and g* respec- 
tively. 

The observed conformation about the C4’-C5’ bond is gg, so 
the helical domains in the B-y space will be restricted to g g` 
and rg. These are precisely the conformations about the P-O 
bonds that are observed in the crystals and given under sets I 
and II of Table 1. When g*g* conformations of set III are used, 
no regular helical polynucleotide structures can be 
generated’’'*, But these conformations in the middle of a 
polynucleotide can reverse the chain direction’. In other 
words, g*g* conformations about the P-O bonds can lead to a 
fold or bend along its backbone. Besides, in the case of a helical 
polynucleotide, the g*g* conformation in the middle can 
change the handedness of the helix. We have used this con- 
formation in the bend region of the type II model for DNA’. 

Set IV in Table 1 lists the backbone torsion angles of right- 
handed double helical structures for nucleic acids reported in 
the literature’*"* for comparison with the crystal data. The 
agreement between A-RNA™ and the crystal data is very 
good. In contrast the agreement between the various con- 
farmations of DNA and the observed data is not . In fact, 
the agreement is poor for both B and D DNA'*"—a is much 
lower than the lowest observed value. Also, angles 8 and s in 
B DNA and 8 in DDNA are different from the observed 
values. 

To establish the conformational angles of the backbone for 
different forms of DNA which are close to the observed angles, 
helical domains were computed in the a- space keeping y, 8 





240° : 

B (O3’-P) — 

Fig.2 Helical domains in the a—§ space for C2’ endo puckering 

(¢ = 140°). n (solid line) and A (dashed line) contours and observed 

torsion angles a and £ of the fragments with C2' endo puckering 

for the sugar are shown. R and L denote right- and left-handed 
BDNA 
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and g fixed in their respective average values (Table 1). The 
helical domains (also n and A contours) thus obtained for the 
average values of ¢ in the C2’ endo and C3’ endo regions are 
given in Figs 2 and 3. The a, 8 values given under sets I and II 
are also plotted in these figures to show roughly the type of 
helical structures that will be generated for these fragments. 
As before, the h = 0 contour divides the helical domains into 
right and left helical sections, and an iso-A contour cuts an 
iso-m contour at two places. Thus, as shown in the diagram, 
four regions, R; and Ry in the right and L; and Ly in the left 
helical sections are possible for single chains. For a given n and 
h value, in each helical domain two right and two left helical 


a (C3-03) —» 





Fig. 3 Helical domains in the a-g space for C3’ endo puckering 

({ = 90°). n(solid line) and A (dashed line) contours and observed 

torsion angles a and £ of the fragments with C3’ endo puckering 

for the sugar are shown. For GpC (Ca) the plotted conformation 

refers to the average values of the four independent molecules in 
the crystal. 


structures are possible. However, not all of them lead to double 
helical structures with Watson—Crick base pairing. 

In the C2" endo case shown in Fig. 2, the observed con- 
formations ApT(1) and ApT(2) have very small n values and 
hence double helices are not possible. TpA and TpT lie in the 
Ly regions. In both these regions the bases are away from the 
helix axis and hence base-paired double helical structures are 
again not possible. Thus, double-helical structures are not 
generated when one uses the observed backbone confor- 
mational angles in the C2’ endo region. 

In the R, and L; regions, however, the bases overlap and 
hence double helical structures are possible. In fact by allowing 
the variations that are observed in the remaining torsion angles 
one can construct a series of stereochemically feasible right- 
and left-handed double helical structures consistent with the 
helical parameters of B DNA. The values of a and £ for a 
left-handed double-helical structure with the BDNA 
parameters which we have constructed are plotted in Fig. 2 
together with those for the right-handed helical structure'®. We 
are now investigating whether X-ray fibre diffraction data 
could be used to distinguish between left-handed and right- 
handed models which have conformational angles as close as 
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possible to those observed in the crystals. The only remaining 
conformational angle y about the glycosidic bond has a value 
near 0° for the left-handed structure while y=75° for the 
right-handed structure, as reported previously’. 

In Fig. 3, for the C3’ endo case, except UpA and TpA, the 
other observed conformations are clustered in R, with n = 8 to 
11 and h =2 to 3 A. Thus double helical structures can indeed 
be generated with the observed backbone conformational 
angles in the C3’ endo region. In the case of both L; and Ly, 
regions, the bases overlap, so double helical structures are 
possible. 

Thus for the gg conformation about the C4’—CS5' bond, the 
helical domains occur in the B~y space at the gg” and tg” 
regions, which are precisely the observed regions of confor- 
mations for the fragments given. Small variations in dihedral 
angles bring about changes in the sense of the helix and both 
right- and left-handed double helical structures are possible. It 
is clear that confotmations similar to the fragments in sets I, II 
and III can lead to right helical, left helical and bend (or fold) 
structures respectively. A structural model for B DNA can thus 
be constructed with right and left helical segments having 
backbone conformations similar to sets I and II respectively. 
Conformations similar to set III serve to link consecutive right 
and left segments of a chain. A structure thus arrived at is a 
type II structure proposed previously by us’ as an alternative 
structure for DNA. The type II structure is not a double helix 
but consists of a pair of polynucleotide strands held together by 
Watson—Crick base pairing. Each of the two strands has alter- 
nating right- and left-handed segments approximately five base 
pairs long. As a consequence of mixing right-handed with 
left-handed helical segments and vice versa, each strand has 
bends or folds. These bends impart a significant amount of 
flexibility to the polynucleotide. This inherent flexibility of the 
type H structure can permit the initiation of the supercoiled 
structure of DNA following energetically allowed folds. This 
flexibility along the backbone could provide a possible solution 
to the compression of DNA within chromatin’’. 
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Corrigendum 


In the article ‘Decision making in animals’ by D. J. McFarland, Nature 
269, 15 (1977), the sentence starting in line 16 on page 18 should read: 
On this basis we can express the expected probability of fertilisation, 
given that the male ts still involved tn the courtship as 

T 


e| | fu tjt es us] S (x dt. 
0 


Also on page 18, the scheme based on Dempster’s formulation (ref. 14) 
should read as shown below: 


Objective: Maximise likelihood of successful fertilisation 





| {exp -es S()u (x+ S(t)us(tx(ay} dz 
0 
Plant equation: x(t) = —x(t) Pur(t)+ 8 
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Work during courtship: 
Energy expended during courtship: 

i H 3 | 
| foe ) , M2) 2] drs E 

Ü é ¥ T°. 

Hamiltonian: 
H =e S'S (du (x(t) + Sual) 
~ F(t) l — x(t) ualt} + J 

| 
| 


(Costate) Hamiltonian equation: 


p 


F(t)= A TE ERL E S, 
ax x{t) 


states: S = spermatophore count (0-3) 
x = oxygen ‘debt 
controls: u = rate of display behaviour (maximum rate 8) 
u> = rate of creep behaviour (maximum rate y) 
u, = rate of spermatophore transfer (maximum 
rate 7) 
parameters: % = basic discount rate of display behaviour 


p = control parameter for rate of decrease of x 
through skin respiration during creep 
behaviour 

8 = rate of increase of oxygen debt with time (dur- 
ing display and transfer behaviour) 

E = maximal energy expended in courtship 

F = costate variable = marginal value of likelihood 
of success per unit of x 


a fo ib a sete cosa 
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Coming to terms with Nature 


The Twenty-Ninth Day: Accommodat- 
ing Human Needs and Numbers to the 
Earth’s Resources. By L. R. Brown. 
Pp. 363. (Norton: New York, 1978.) 
$11.95. 


THe title of this book is another 
exampse of the hypnotic effect of expo- 
nential and sigmoid curves upon those 
who have never used them in serious 
scholarly work. The lily pond which 
doubles its leaf-area every day and is 
half-full on the twenty-ninth day will, 
so the introduction to this book says, 
be full on the thirtieth day. Had the 
author taken the trouble to read the 
brillant analysis of population growth 
published by Alfred Lotka over half 
a century ago in Elements of Physical 
Biology, he might have hesitated be- 
fore starting his argument with such a 
“misleading example. The dilemma 
facing mankind is not what to do about 
exponential growth; it is how to devise 
political systems which can be used to 
manage the second-order consequences 
which follow the point of inflection of 
a sigmoid curve of growth 

Forecasts of population growth, oil 
reserves, capacity of the land to pro- 
duce food, resources of minerals: all 
these vary by whole orders of magni- 
tude. Disputes about the forecasts miss 
the point: that all these parameters 
already are, or sooner or later will be, 
above the point of inflection of a sig- 
moid curve; and the general charac- 
teristic of this part of the curve is that 
feedback, which was positive while the 
curve was convex to the time-axis, now 
becomes negative. 

Discontinuities invariably occur: na- 
tions like China successfully limit the 
birth rate; nuclear power may replace 
oll for some purposes; plant breeders 
may increase yield per hectare, alumi- 
nium may replace copper Some of the 
discontinuities (for example, the substi- 
tution of steam-power for water- and 
wind-power) have profound social con- 
sequences, which have been well 
documented. But, discontinuities apart, 
the trend is indisputabk; exponentials 


become sigmoid and the seminal social’ 


problem is not how to delay the point 
of inflection by technological innova- 
tion, nor is it how to bring forward 
the point of inflection by rationing; it 
is how to manage society when many 


measureable variables lie on the upper 
reaches of sigmoid curves. 

This is the worthy theme in Lester 
Brown’s book In the first nine chap- 
ters he covers familiar, not to say over- 
crowded, ground: the evidence for 
over-fishing, over-grazing, deforesta- 
tion; ¢he inevitable rise in population, 
the geopolitics of energy production, 
the economic stresses which followed 
a sixfold increase in oul prices im- 
posed by OPEC and (though western 
countries are more reticent about this) 
a two-and-a-half-fold increase in wheat 
prices imposed by the gratn-producing 
nations and a threefold increase in the 
price of newsprint; and the growing 
gap between affluence and poverty. 

His sources of information for the 
material in these chapters are practi- 
caHy all from journalistic and some- 
times emotive accounts in the press or 
in popular books. His exposition of 
these issues is no worse, and no better, 
than that in a dozen other books cover- 
ing similar ground So it ıs to the last 
three chapters, which are about how 
society is to come to terms with 
Nature, that I turned with some antici- 
pation. For Lester Brown, unlike many 
middle-class élitists keen on conserva- 
tion, has really encountered the world- 
dilemma at close quarters, as an agri- 
cultural officer, as a dweller in Indian 
viHages, and with the Overseas Deve- 
lopment Council This experience (I 
hoped) would dissuade him from ad- 
vocating the utopian remedies which 
prompt decision-makers to drop such 
books into the waste paper basket. 

That Lester Brown’s three chapters 
on accommodation to the new phase 
of world economy do not provide en- 
couraging solutions is not his fault. No- 
one has come up with even the rudi- 
memts of a solution. But Lester Brown 
does put the emphasis where it belongs, 
namely on the need to find solutions 
for social and ethical problems rather 
than material problems The great dis- 
Ulusion is not directed against the 
technologists; it is directed against the 
economists; and he quotes a telling 
remark made by Pierre Trudeau: 
“Inflation has not found its Keynes 
I personally think the Keynes of infla- 
tion will not be an economist .. ” but 
will instead “be a political, philosophi- 
cal or moral leader inspiring people to 
do without the excess consumption so 


reviews 


Eric Ashby 


prominent in the developed countries”. 
The difficulty ıs that this recipe may 
be valid for the inhabitants of Dorking 
and Wimbledon (well heeled suburbs 
of London) but not for the swarms of 
people who squat on the streets of Cal- 
cutta. Up to e point there is a close 
correlation between growth in GNP and 
the overall improvement in quality of 
life; ıt 18 in affluent societies that the 
correlation breaks down So—and this 
1s the conclusion that hurts—the initia- 
tiye les in Dorking and Wimbledon and 
not in Calcutta And the choice before 
Dorking and Wimbledon is voluntary 
adjustment to austerities or submission 
to bureaucratic regulation. 

Some wrHers—Heilbroner, for er- 
ample, and Ophuls—are pessimistic 
about the outcome of this choice, They 
see (as Heilbroner puts it) the latitude 
for voluntary choice diminishing 
“under the slowly closing vise of envi- 
ronmental constraint’. Lester Brown 
is more optimistic, though I confess he 
does not support his optimism with 
encouraging arguments All the same, 
he 1s right to be optimistic. The ulti- 
mate treason to mankind is to lose 
confidence in humanity. O 





Lord Ashby is a Fellow of Clare College, 
Cambridge and Chancellor of the Queen’s 
University, Beljast, Northern Ireland. 





Photoemission 
from surfaces 


Photoemisson and the Electronic Pro- 
perties of Surjaces. Edited by B. Feuer- 
bacher, B. Fitton and R F, Willis. 
Pp 540. (Wiley. Chichester and New 
York, 1978 ) £19.50. 





THE study of photoemission from solids 
has grown enormously in the past 
decade. Although the photoelectric 
effect has been known for many years 
and provided a key result for the 
development of quantum theory, its 
application to the study of electronic 
structure of solids is much more recent 
and the appreciation of its essential 
surface sensitivity has encouraged its 
inclusion in the growing armoury of 
techniques of surface science. Indeed, 
in the case of ultraviolet photoelectron 


164 


spectroscopy in particular, the degree 
and nature of its surface sensitivity is 
still an issue of considerable interest. 
The extent of this development is 
mirrored by the size of this book, a 
collection of 17 separate articles on the 
theory and experimental results of the 
technique, together with two articles 
on the intimately related problem of the 
electronic structure of clean surfaces 
and adsorbates on surfaces. 

The editors have collected together 
a formidable team of authors for this 
work; very few of the ‘big names’ in 
the subject are missing and the result- 
ing articles are authoritative and 
thorough. Of course, in any multi- 
author book, particularly with authors 
active in an expanding and developing 
research field, the treatment of the 
subject is not always even and over- 
laps do exist, particularly in the in- 
troduction of the basic ideas behind 
several articles. Frequently, however, 
this overlap is beneficial; the reader 
is presented with contrasting views of 
the same material and can emerge with 
a more balanced appreciation as a 
result. 


An intrinsic problem of any book 


in a very active research field is one | 


of timing; has the subject developed 
sufficiently to warrant a book or will 


it be rapidly dated by new develop- | 


ments? In this case the timing seems 


to be a good compromise. Certainly | 


new developments are occurring, and 


will continue to occur, which may | 


change the detailed interpretation of 
specific problems. Also, the construc- 
tion of many new synchrotron radia- 
tions sources around the world is bound 
to cause a shift in emphasis to the 
increased use of photon energy and 
polarisation-dependent effects as a 
means of studying surfaces. On the 
other hand, the stress in many articles 
in this volume is on basic physical 
principles and as such the book is 
likely to prove valuable for several 
years to those involved in, or wishing 
to learn more about, photoemission 
from surfaces and their electronic 
structure. 

D. P. Woodruff 


D. P. Woodruff is Lecturer in Physics, 
University of Warwick, UK. 





Biology 
of RNAs 


The Ribonucleic Acids. (Second 
edition.) Edited by P. R. Stewart and 
D. S. Letham. Pp. 374. (Springer: New 
York, Heidelberg and Berlin, 1978.) 
DM47.40; $23.70. 





AS an antidote to the new-style under- 
graduate textbooks, awash with 
coloured diagrams and divided into 
easily digested segments, The Ribo- 
nucleic Acids is recommended to 
students. Here the content is solid, the 
illustrations mainly restricted to 
structural formulae in sombre black 
and white. 

This book is intended for students 
who already have basic training in 
biochemistry, and, although dealing 
with a specialist subject, does not aim 
to be either fully comprehensive or 
overly detailed. The first chapter is, 
typically, an historical introduction by 
the editors and is followed by chapters 
dealing with different species of RNA 
nuclear, transfer, messenger, and so 
on—and their transcription and trans- 
lation. The final chapter is a collection 
of recipes for the preparation and 
fractionation of RNA, curious in a 
textbook designed for students but 
undoubtedly of value to research 
workers. 

Although the chapters have been 
written by different authors, some 
attempt has been made to make the 
style and structure uniform. Reading 
of the interaction between the 3’ end 


of 16S ribosomal RNA and the 5’ end 
of mRNA in four different chapters 
suggests that a certain uniformity in 
content was also required! The balance 
between cataloguing the facts and 
critical appraisal of experimental 
results varies in different chapters, 
although perhaps some RNAs—nuclear 
RNA, for example—elicit a more con- 
troversial literature. 

Distinguishing the characteristics of 
prokaryotes and eukaryotes is very 
much easier for research workers, 
where it is a case of ‘us and them’, 
than it is for students, who have no 
previous affiliations. The latter group 
of readers will find this book adds 
to their problems. Sometimes prokary- 
otes and eukaryotes are allocated 
different headings, sometimes they are 
contrasted in the same sentence. This 
makes the text easier to read and 
less repetitious. but will undoubtedly 
perpetuate the existence of that 
interesting ribosome, found only in 
undergraduate essays, having 30S and 
SOS subunits containing 18S and 28S 
RNAs. 

The references accompanying each 
chapter are extensive, reviews being 
listed separately. This information. 
together with the up-to-date over view 
of the biology of RNA that the text 
provides, should make this a useful 
book for research workers in related 
fields as well as the students for whom 
the book was written. 

Pamela Hamlyn 


Pamela Hamlyn is at the MRC Laboratory 
of Molecular Biology, Cambridge, UK. 
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newly on the market 








Microtitration plate shakers. Flow. 
Fixed and variable speed Titertek 
microtitration plate shakers are now 
available from Flow Laboratories. 
Both models use an orbital mode of 
vibration which has been shown to give 
even mixing in all plate wells in the 
minimum time consistent with cell 
stability and lack of splashing. They 
have been laboratory tested to prove 
their ability to resuspend RBCs which 
have been allowed to sediment over- 
night. The advantages offered over the 
manual methods of resuspending are 
uniformity of results and time/labour- 
Saving. 

Circle No. 39 on Reader Enquiry Card. 





The Flow Titertek 


Nitrate electrode. 


Electronic Instru- 
ments. A nitrate electrode has been 
added to the range of ion-selective 
electrodes of Electronic Instruments. 
Model 8006-2 is of the capsule design 
ensuring easy assembly and minimal 
maintenance. The new ion exchanger 
used gives improved selectivity for 
NO; in the presence of Cl’, an impor- 
tant breakthrough in nitrate determina- 
tions in sewage and industrial effluents. 
Circle No. 40 on Reader Enquiry Card. 


Electrophoresis power supplies. Buchler. 
Buchler Instruments has introduced 
two new DC power supplies designed 
for immuno-, paper and thin layer 
electrophoresis techniques. Each unit 
features easy to read, oversized meters 
and a single control for varying the 
output. One unit has ranges of 0-350 
VDC, 0-100mA and the other unit 
provides 0-1,000 VDC, 0-200 mA. 
Both of these units have dual output 
jacks so that more than one chamber 
may be operated at the same time. 

Circle No. 41 on Reader Enquiry Card. 


These notes are based on information 
provided by the manufacturers. For 


further details circle the appropriate 
numbers on the Reader Enquiry Form. 





Disposable transfer pipette. Variable 
Volumetrics. Variable Volumetrics in- 
troduce a disposable transfer pipette 
with ultra lean tube. This polyethylene 
transfer pipette has a tube so narrow 
that it will fit into almost any size test 
tube. It is a one-piece pipette complete 
with its own bulb, and will eliminate 
the danger of broken glass, operator 
contamination from having to change 
rubber bulbs and cross contamination 
of samples with contaminated pipettes 
or rubber bulbs. The pipette delivers 
21-24 drops per ml, and has a maxi- 
mum capacity of 3 ml. 

Circle No. 42 on Reader Enquiry Card. 


Screening test for blood lead. MSE. An 
instrument is now available with which 
a blood sample can be checked in about 
10s to give an indication of the pres- 
ence of lead in the body. The instru- 
ment, the ESA model 4000, uses 
fluorimetry to measure the amount of 
zinc protoporphyrin in a drop of blood 
(about 30 #l). Using the instrument, 
hundreds of blood samples can be 
checked in a day. The model 4000 is 
portable, and extremely easy to operate. 
The presence of lead in the environ- 
ment during the analysis cannot affect 
the result, 

Circle No. 43 on Reader Enquiry Card. 


UV-monitors and recorders. Pharmacia. 
Pharmacia presents its new range of 
UV-monitors and recorders for detect- 
ing proteins, polypeptides and nucleic 
acids in liquid chromatography. The 
dual path Monitor UV-2 incorporates 
a flow-cell which allows the simul- 
taneous measurement of the absorbance 
of a flowing liquid at two different 
path-lengths. The two measuring sys- 
tems are completely independent : each 
can be operated to measure optical 
density or % transmission at 254 nm or 
280nm. The Imm system allows 
measurements to be made with excel- 
lent linearity in eight ranges up to 
20 A at the same time as the 20mm 
system detects solute concentrations 1n 
eight ranges down to a full scale deflec- 
tion only 0.005 A. The Single Path 
Monitor UV-1 offers the choice of 
monitoring absorbance in eight ranges 
up to 2 absorbance units per cent trans- 
mission at 254nm or 280nm with a 
3mm or 10mm path-length flow cell. 
Also, the one-channel recorder REC-1 
and two-channel recorder REC-2 pro- 
vide a 250nm recording width, 16 
chart speeds and 11 calibrated input 
ranges with an accuracy of +0.3% 
full scale deflection. 

Circle No. 44 on Reader Enquiry Card. 


Triaxial accelerometer. RIL. The model 
507T triaxial accelerometer is a new 
addition to the BBN range of pre- 
amplified accelerometers marketed by 
RIL. It is ideal for applications where 
low frequencies must be detected or 
monitored. Technical characteristics 
include: a flat 10 mV per g response 
over a frequency range of 0.3-7,000 Hz 
for each axis; an exceptionally low 
noise floor of 20 uV broadband, ampli- 
tude linearity is +1% to +21 g peak; 
and mounted frequency response is 
26kHz. The preamplifiers in each 
accelerometer are safeguarded from 
self-generated transients up to 500 V 
by a unique protection circuit. 

Circle No. 45 on Reader Enquiry Card. 


ECG amplifier. British American 
Optical. A cardio-monitor, designated 
Model 1134, has been announced. The 
equipment combines an ECG amplifier 
and heart rate meter with alarms, in 
a single compact unit. Patient safety is 
ensured by the use of isolation trans- 
formers, leakage is <104A at chassis 
connectors and insulation withstands 
8KV_ patient to chassis potential. 
Remote ECG recording may be in- 
itiated manually by means of a push- 
button. Required power supply is 
230 V, 50 Hz. 

Circle No. 46 on Reader Enquiry Card. 





The British American Optical Model 1134 


Protease detection kit. Bio-Rad. Bio- 
Rad’s protease detection kit provides a 
convenient way to measure the activity 
of serum proteases, or of other pro- 
teases such as trypsin, a-chymotrypsin 
and pronase. When dissolved, tablets 
from the kit form an agar gel contain- 
ing a protein preparation which gives 
it a turbid appearance. The sample to 
be assayed is placed in a well and dif- 
fuses into the gel forming a clear ring 
where the protein is digested. Proteo- 
lytic activity can then be determined 
very simply from the ring diameter, 
using guides provided in the kit. 

Circle No. 47 on Reader Enquiry Card. 
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announcements 


Awards 
The following awards have been made 
by the Royal Society’ the Copley 


Medal to Professor R. B. Woodward 
(Harvard University) for his contri- 
butions to experimental and theoretical 
organic chemistry; the Rumford Medal 
to Sir George Porter (Royal Institu- 
tion) for his work on flash photolysis; 
the Davy Medal to Professor A. 
Eschenmoser (Swiss Federal Institute 
of Technology) for his work on syn- 
thetic organic chemistry; the Darwin 
Medal to Dr G. Pontecorvo (Imperial 
Cancer Research Fund) for his 
advances in genetics utilising lower 
organisms; the Hughes Medal to 
Professor W. Cochran (University of 
Edinburgh) for his advances in 
crystallography and lattice dynamics; 
the Leverhulme Medal to Sir Frederick 
Warner (Cremer and Warner) for his 
contributions to the developments of 
chemical and allied processes on the 
industrial scale; The Royal Society 
Eso Award to A. G. Frame, J. M. 
Laithwaite, A. D. Evans, Dr J. F. W. 
Bishop and Dr T. N. Marsham for 
their contributions to the development 
of the prototype fast reactor at 
Dounreay; the Royal Society Mullard 
award to Dr J. W. Black for his work 
on the development and discovery of 
two new types of drugs 


The 1978 ICE Diagnostics Techniques 
prize winners are L. M. Callow and 
K. Hiadky of UMIST for their work 
on an electrochemical impedance 
corrosion monitor. The prize of £1,000 
is to be awarded annually for five years 
and is to be administered by the 
Insttution of Chemical Engineers. 
Entries for the 1979 award are now 
invited. ICE, 165-171 Railway Terrace, 


Rugby. 


The following have been awarded the 
Indian National Science Academy’s 
Medals for Young Scientists for the 
year 1978: Dr Praveen Chaddah; Dr 
Renu Khanna Chopra; Dr K. C. Das; 
Dr A. R. Datta; Dr Vinay Y. Deodhar; 
Shri S. Easwaramoorthy; Dr Chunilal 
Ghosh; Dr Jitendra Nath Goswami; 
Dr S. Ramasesha; Dr H. A. Rangan- 
ath; Dr Kalidas Sen. 


The Institution of Nuclear Engineers 
has awarded the first Hinton Medal to 
Anthony R. W. Lunt for his part in 
the engineering of the Dounreay 
prototype fast reactor. 


The Be#by Medal and Prize for 1978 
has been awarded by the RIC, the SCI 
and the Metals Society to Dr John 
Christopher Scully for his work in 
corrosion science in particular on 
stress-corrosion cracking. The award is 
made to British investigators (normally 
under the age of 40) for original work 
in chemical engineering, fuel tech- 
nology or metallurgy. Applications for 
the 1979 award should be made to: 
The Sir George Beilby Memorial Fund, 
The RIC, 30 Russell Square, London 
WC. 


The trustees of the Lady Tata 
Memorial Trust for research in leu- 
kaemia have made the following inter- 
national awards for the academic year 
1978-79: from Great  Britain—H. 
Bayani; A. Karpas and H. Jacobs; 
from France—J. Grosslerner; from 
Portugal—E. Cardoso; from Spain— 
R. de N. Bastos. 


The Harrison Memorial Prize will be 
awarded to a British subject under the 
age of 30 years who has conducted the 
most promising original investigations 
in chemistry and published the results 
in a scientific periodical. Applications 
to the President of the Chemical 
Society, Burlington House, Piccadilly, 
London W1, by 31 December 1978. 


The sixth of the Henry R. Worthingten 
Technical Award for a prize of 10,000 
dollars held under the auspices of the 
EEC is to be launched on a European- 
wide basis It is to be awarded to young 
researchers from the universities and 
industry, working in the field of 
applied mechanics for the movement 
of fluids and for energy conversion 
systems. The contest regulations are 
available from Award Secretariat, Via 
Pirelli, 19-201234 Mulan, Italy. 


Meetings 

2-3 October, Workshop on Placenta— 
the Neglected Experimental Animal, 
London (Dr Peter Beaconsfield, SCIP 
Research Unit, Bedford College, 
University of London NW1, UK). 


2-4 October, Sympostum on Com- 
paritive Pathology of Zoo Animals, 
Washington (Dr Montali, National 
Zoological Park, Washington, D.C. 
20008). 


2-5 October, Clean Air Ways and 
Means, Brighton (National Society 
for Clean Air, 163 North St, Brighton, 
Sussex, UK). 


3-6 October, Wind Energy Systems, 
Amsterdam (2ad ISWES, BHRA Fluid 
Engineering, Cranfield, Bedford, UK). 


3-6 October, Postsynthetic Alterations 
of Information Molecules, Lunteren 
(Miss Elly Looy, Institute of Mole- 
cular Biology, Padualaan 8, Utrecht, 
The Netherlands). 


3-7 October, Nuclkex 78, Basle (Con- 
gress Service of the Swiss Industries 
Fair, PO Box CH-4021 Basle, Swatzer- 
land). 


4-6 October, National Conference of 
Standards Laboratories, Gaithersburg 
(Brian Belanger, A345 Physics Build- 
ing, NBS, Waahington, D.C. 20234). 


4-7 October, 2rd European Sympostum 
on Hormones and Cell Regulation, 
Bischenberg (H J. van der Molen, 
Dept of Bicchemistry HO, Medical 
Faculty, Erasmus University, PO Box 
1738, Rotterdem, The Netherlands). 


5-6 October, Carlogenecity of Foods, 
Chicago (Dr lohn J Hefferren, ADA 
Health Foundation Research Institute, 
211 East Chicago Ave, Chicago, 
Illinois 60611). 


5—6 October, Future Trends In Clinical 
and Laboratory Research in Cancer, 
Paris (Dr W. H. Fridman, IRSC, BP 
No. 8, 94800 Villejuif, France). 


5-6 October International Liquid 
Chromatography Symposium: Bio- 
logical/Blomedical Applications, Bos 
ton (Gerald L. Hawk, International 
Division, Waters Associates, Inc. 
Milford, Massachusetts 01757). 


6-1 October, Annual Meeting of the 
Swiss Society df Mineralogy and Petro- 
graphy, Brigue (Prof M. Grinen- 
felder, Institut de Cristallographie et 
Petrographie ETH, 8092 Zurich, 
Switzerland). 


9-12 October, 4th International Con- 
gress for the Study of Bauxites, Alo- 
mina and A uminium, Athens (Prof. 
S. S August-this, National Technical 
University, Dept of Mineralogy, Petro- 
logy and Geography, PO Box 1006, 
Athens, Greece). 


9-13 October, Ist International Con- 
gress on Bentonites, Sassari (Istituto 
di Mineralogia e Geologia, Facolta di 
Agraria, Universita de Sassari, Italy). 
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9-19 October, Atmospheric Sensing 
with Lasers, London (The Institute 
of Physics, 47 Belgrave Square, London 
SWI, UK). 


10-12 October, 3rd Annual Conference 
on Materials for Coal Conversion and 
Utilization, Gaithersburg (Bernard 
Levin, B64, Technology Building, NBS, 
Washington, D.C. 20234). 


10 October, Satellite Doppler Tracking 
and Geodetic Applications, London 
(The Royal Society, 6 Carlton House 
Terrace, London SWI, UK). 


10-13 October, 4th European Electro- 
optics Conference and Exhibition, 
Utrecht (Carole Meads, Sira Institute 


Ltd, South Hill, Chislehurst, Kent, 
UK). 
10-14 October, International Sym- 


posium on Interaction of Marine 
Geodesy and Ocean Dynamics, Miami 
(Dr George A. Maul, NOAA-AOML, 
15 Rickenbacker Causeway, Miami, 
Florida 33149). 


11 October, Carcinogenic Risks from 
Food—Real or Imaginary? London 
(SCI Food Group, 14 Belgrave Square, 
London SW1, UK). 
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12-14 October, International Sym- 
posium on Pituitary Microadenomas, 
Milan (Secretariat, Clinica Neuro- 
chirurgica dell Universita, Ospedale 
Policlinico, Pad. Beretta, via F. Sforza 
35, 20122 Milan, Italy). - 


12-18 October, Ist Ibero American 
Congress of Cell Biology, Mendoza 
(Secretariat, Casilla de Correo 56,5500 
Mendoza, Argentina). 


12-18 October, 4th Latin American 
Congress of Electron Microscopy, 
Mendoza (Secretariat, Casilla de 
Correo 56,5500, Mendoza, Argentina). 





Reports & Publications 
UK & Ireland—August 


Directorate of Ancient Monuments and Historic 
Buildings. The Scientific Treatment of Material from 
Rescue Excavations. (A Report by a Working Party of 
the Committee for Rescue Archaeology of the Ancient 
Monuments Board of England.) Pp.28. (London: 
Directorate of Ancient Monuments and Historic 
Buildings, DOE, Fortress House, Savile Row, 1978.) 8 


Centre for Agricultural Strategy. Strategy for the 
UK Dairy Industry. (CAS Report 4.) Pp. 186. (Reading: 
Centre for Agricultural Strategy, The University, 
1978.) £2.95. . E . H8 

Bulletin of the Geological Survey of Great Britain. 
No, 66: The Pleistocene Succession at Kenn, Somerset, 
By D. D. Gilbertson and A. B. Hawkins. Pp. iv+41. 
(London: HMSO, 1978.) £3.75 net. [18 

Central Electricity Generating Board. Renewable 
Sources of Energy: The Prospects for Electricity. By 
Glyn England. Pp. 11. (London: CEGB, Publicity 
Office, 15 Newgate Street, EC1, 1978.) [38 

Scottish Plant Breeding Station. Fifty-seventh 
Annual Report, 1977/1978. Pp. 148. (Pentlandfield, 
Roslin, Midlothian: Scottish Society for Research in 
Plant Breeding, 1978.) [38 

The British Industrial Biological Research Associa- 
tion. Annual Report 1977. Pp. 55. (Carshalton, Surrey: 
The British Industrial Biological Research Seen: 
1978.3 

Project Daedalus: The Final Report on the British 
Interplanetary Society Starship Study. Edited by 
Dr. A. R. Martin. (Journal of the British Interplanetary 
Society Supplement.) Pp. 192. (London: British 
Interplanetary Society, 12 Bessborough Gardens, SWI, 
1978.) £6; $12 post free.) i {4 

Department of Industry. Research and Deveiopment 
Requirements and Programmes Report 1977-78. Pp. 44 
(London: Department of Industry, Technology 
Library, Abell House, John Islip Street, SWI, 1978.) 
gratis. . {48 

The Importance of Being Curious. By Professor 
Hans L. Kornberg, FRS. (The Third Leverhulme 
Memorial Lecture.) Pp. 26. (Liverpool: Liverpool 
University Press, 1978.) ; [its 

Departments of the Environment and Transport. 
Report on Research and Development 1977. Pp. 66. 
(London: HMSO, 1978.) £2.25 net. {118 

Journal af Petroleum Geology, Vol. 1, No. 1, July 
1978, Pp. {-122. Published quarterly. Subscriptions: 
£20 for one year, UK only, post-free, by surface mail; 
$US40 to all other countries, post-free, surface mail. 
(Beaconsfield, Bucks: Scientific Press, Ltd.. 1978.) [148 

National Institute of Agricultural Botany, Fifty- 
Eighth Report and Accounts, 1977. Pp. 112. (Cam- 
bridge: National {Institute of Agricultural Botany, 
Huntingdon Road, 1978,) . {148 

Progress in Perspective: a View of Bayer. By René 
Cutforth. Pp. 48. (Richmond, Surrey: Bayer UK, 
Ltd., Bayer House, 1978.) . «£168 

Department of Energy. Digest of United Kingdom 
Energy Statistics 1978. Pp. vii+ 138. {A Publication of 
the Government Statistical Service.) (London: HMSO, 
1978.) £7.50 net. {168 

Seawatching. By Tony Soper and Noel Cusa. Pp. 32. 
(Over, Cambridge: Dinosaur Publications, Ltd., 1978. 
Published for the National! Trust.) 60p. {188 

Smith Kline and French Foundation: Smith Kline 
Foundation. Annual Report 1977.9. (Welwyn Garden 
City, Herts.: Smith Kline and French Foundation, 
1978.) [188 

Threshold Limit Values for 1977. (Guidance Note EH 
15/77 from the Health and Safety Executive) Pp. 20. 
(London: HMSO, 1978) 30p. = [188 

John Innes Institute. Sixty Eighth Annual Report, 
1977. Pp. 183. (Norwich: John Innes Institute, 1978). 
£2.50. — {218 

Office of Population Censuses and Surveys. Mor- 
tality Statistics: Accidents and Violence. (Review of the 
Registrar General on Deaths Attributed to Accidental 
and Violent Causes in England and Wales, 1976.) 
Pp. vili-+ 39. (London: HMSO, 1978.) £1.50 net, (258 

Where Were You, Brother?: An Account of Trade 
Union Imperialism. By Don Thomson and Rodney 
Larson. Pp. 138. (London: War on Want, 467 
Caledonian Road, N7, 1978.) £1.20. {298 


Council for National Academic Awards. Annual 
Report for 1977. Pp. 75. (London: Council for National 
Academic Awards, 344/354 Gray’s Inn Road, WC, 
1978.) . [298 

Philosophical Transactions of the Royal Society of 
London. A: Mathematical and Physical Sciences. Vol. 
289. No. 1365: The Origin of the Triassic Clay 
Assemblages of Europe with special reference to the 
Keuper Marl and Rhaetic of Parts of England. By 
C. V. Jeans. Pp. 549-639 -+ plates 1-5. pullout 1. UK 
£13.25; Overseas £13.75. Vol. 290, No. 1366: Sea Floor 
Development—-Moving Into Deep Water. A Discussion 
organized by Sir Angus Paton, F.R.S., Sir Peter Kent, 
F.R.S., Sir George Deacon, F.R.S., Sir Kenneth 
Hutchison, F.R.S., and M. B. F. Ranken, in collabor- 
ation with the British National Committee on Ocean 
Engineering of the Council of Engineering Institutions. 
Pp. 1-189-+-plates 1-7: two pullouts. (London: The 
Royal Society, 1978.) {348 

Chemical Industry Contacts Directory for Journalists. 
Pp. 17. (London: Chemical Industries Association, 
93 Albert Embankment, SEI, 1978.) , {318 


Other countries—August 


Safe Disposal of High Level Nuclear Reactor Wastes: 

a New Strategy. By A. E. Ringwood. Pp. vii+63. 
(Canberra: Australian National University Press, 1978.) 
[i8 

Government of India: Department of Space, 1977/78 
Annual Report. Pp. (Bangalore: ISRO HQ, Janardhan 
Tower, Residency Road, 1978.) FIS 
Bulletin of the American Museum of Natural 
History. Vol. 160, Article 3: Social Signals of Adult 
American Alligators. By Leslie D. Garrick, Jeffrey W. 
Lang, and Harold A. Herzog, Jr. Pp. 153-192. (New 
York: American Museum of Natural History, 1978.) 
$2.95, {18 
Australian Journal of Zoology. Supplementary Series 
No. 61: The Australian Social Wasps (Hymenoptera: 
Vespidae). By O. W. Richards. Pp. 132. (East 
Melbourne: Editor-in-Chief, Editorial and Publications 
Service, CSIRO, 314 Albert Street, 1978.) {28 
United States Department of the Interior: Geological 
Survey. Bulletin 1448: Geology of the Juazohn Quad- 
rangle, Libreria. By Russell G. Tysdal. Pp. iv+ 39. 
(Washington, DC: US Government Printing Office. 
1978.) {28 
The Kroc Foundation. Medical Research Programs, 
1977. Pp. 134. (Santa Ynez, California: The Kroc 
Foundation, 1978.) {28 
Commissariat a l'Energie Atomique. Rapport Annuel 
1977. Pp, 119. (Paris Cedex: Commissariat a PEnergie 
Atomuque, 31-33 Rue de la Federation, 1978.) [38 
Smithsonian Contributions to Zoology. No. 272: 
Further Observations on Oratosquilla, with Accounts 
of Two New Genera and Nine New Species (Crustacea: 
Stomatopoda: Squiliidae}). By Raymond B. Manning. 
Pp. iii+-44. (Washington, DC: Smithsonian Institution 
Press, 1978. For sale by US Government Printing 
Office.) {48 
Australia: Commonwealth Scientific and Industrial 
Research Organization. Australian Scientific Societies 
and Professional Associations, Edited by lan A. Crump, 
Second edition. Pp. 226. (East Melbourne, Victoria: 
CSIRO Editorial and Publications Service, PO Box 89, 
1978.) $A7.50. {78 
Smithsonian Institution. The Years Ahead: Statement 
by the Secretary, S. Dillion Ripley. Pp. vi+72. 
(Washington, DC: Smithsonian Institution, 1978. For 
sale by US Government Printing Office.) [88 
Bulletin of the American Museum of Natural 
History. Vol. 160, Article 2: Behaviour and Growth 
of the Land Crab Gecarcinus lateralis (Fréminville) ia 
Southern Florida. By Dorothy E. Bliss, Jacques Van 
Montfrans, Margaret Van Montfrans and Jane R. 
Boyer. Pp. 111-152. (New York: American Museum of 
Natural History, 1978.) $2.45 [88 
United States Department of the Interior: Geological 
Survey. Bulletin 1449: Geology of the Buchanan 
Quadrangle, Liberia. By Russel! G. Tysdal. Pp. iv+ 31. 
(Washington, DC: US Government Printing Office, 
1978.) j [88 
Smithsonian Contributions to Zoology. No. 265: 
Social Behavior and Foraging Ecology of the Eastern 
Chipmunk (Tamias striatus) in the Adirondack Moun- 
tains. By Lang Elliott. Pp. vi+ 107. (Washington, DC: 
Smithsonian Institution Press, 1978. For sale by US 
Government Printing Office.) [88 
International Atomic Energy Agency, Vienna. The 
Agency's Programme for 1979-84 and Budget for 1979. 


Pp. 293, (Vienna: International Atomic Energy Agency, 
1978.) 88 

Annual Report of the Inter-American Tropical Tuna 
Commission, 1977, Pp 155, (La Jolla, California: 
Inter-American Tropical Tuna Commission, 1978.) [98 

Smithsonian Contributions to Zoology. No. 256: 
Pelagic Shrimps of the Sergestey edwardsii Species 
Group (Crustacea: Decapoda: Sergestidae}. By David 
C. Judkins. Pp. iti +34. No. 266: Systematics of the 
Subterranean Amphipod Genus Stygobromus (Crang- 
onvetidae), Part H: Species of the Eastern United 
States. By John R. Holsinger. Pp. iv + 141. (Washington, 
DC.: Smithsonian Institution Press, 1978. For sale by 
US Government Printing Office.) [108 

Travellers to the Tropics: Guidelines for Physicians. 
By R. Dupuis. J. Keystone, J. Losos and A. Meltzer. 
Pp. 36. (Ottawa: Internationa! Development Research 
Centre, Box 8500: New York: UNIPUB, Box 433, 
Murray Hill Stn., 1978.) flis 

Australian Journal af Zoology. Supplementary Series. 
No. 62: Revision of the Genus Oncocoris Mayr 
(Hemiptera: Pentatomidae). By F. J. D. McDonaid 
and Penelope B, Edwards. Pp. 53. No. 63: Species- 
groups Within the Australopapuan Hylid Frog Genus 
Litoria Tschudi. By Michael! J. Tyler and Margaret 


Davies. Pp.47. (East Melbourne: Editor-in-Chief, 
Editorial and Publications Service, CSIRO, 314 Albert 
Street, 1978.) [I8 


National Multiple Sclerosis Society. 1977 Annual 
Report, Pp. 36. (New York: National Multiple Sclerosis 
Society, 205 East 42nd Street, 1978.) {148 

Health Implications of Nuclear Power Production: 
Report on a Working Group, Brussels, 1-5 December 
1978. (WHO Regional Publications, European Series 
No. 3.) Pp. 75. (Copenhagen: WHO, Regional Office 
for Europe; London: HMSO, 1978.) Sw. fr. 8; $4. [148 

A Year of Development: Highlights from the Report 
of the Administrator on the United Nations Develop- 
ment Programme in 1977. Pp. 16. (New York: UN 
Development Programme, 1978.) {148 

United States Department of the Interior: Geolo- 
gical Survey. Professional Paper 813-L: Summary 
Appraisals of the Nation's Ground-Water Resources— 
Tennessee Region. By Ann Zurawski. Pp. iv4-35. 
(Washington, DC: US Government Printing Office, 
1978.) {148 

Fisheries and Environment Canada. Fisheries and 
Marine Service Technical Reports. No. 770: Sub- 
littoral Macro-infaunal Grab Sampling Reproduci- 
bility. By D. J. Widish. Pp. ii+i4. No. 779: Nor- 
wegian Salmonid Farming. By A. M. Sutterlin and 
S. P. Merrill. Pp. v+ 47. (St. Andrews, N.B.: Fisheries 
and Marine Service, Biological Station, 1978.) {158 

Annals of the South African Museum. Voi. 75, Part 7: 
Southern African Cumacea. Part 2: Family Bodo- 
triidae, Subfamily Bodotriinae. By Jennifer Day. 
Pp. 159-290. Voi. 75, Part 8: Lobedu Pottery. By 
Patricia Davison and June Hosford. Pp. 291-319. 
(Cape Town: South African Museum, 1978.) {158 

Smithsonian Contributions to Zoology, No. 254: 
Sexual Patterns in the Labroid Fishes of the Western 
Caribbean, I: The Wrasses (Labridae). By Robert R. 
Warner and D. Ross Robertson, Pp. iti-+ 27. (Washing- 
ton, DC: Smithsonian Institution Press, 1978. For sale 
by US Government Printing Office.) {168 

South Australia. Report of the Museum Board, 
ist July, 1975 to 30th June, 1976. Pp. 48. (Adelaide: 
South Australian Museum, 1978.) [168 

Australia: Commonwealth Scientific and Industrial 
Research Organization. Division of Soils Technical 
Paper No. 38: Diffusion Between Two Concentric 
Spheres with Different Diffusion Coefficients and 
Porosities, By. J. S. Colville. Pp. 10. Molecular and 
Cellular Biology Unit—-Research Report 1976. Pp. 23. 
Division of Irrigation Research Annual Report 1975/76. 
Pp. iv+94. (East Melbourne, Victoria: CSIRO, ee 


Democratic Republic of the Sudan: Ministry of 
Agriculture. Agricultural Research Corporation. 
Annual Report of the Gezira Research Station and 
Substations, 1970-1971. Pp. 364. Annual Report of 
Kenana Research Station, 1972-1973. Pp. 91. (Wad 
Medani: Agricultural Research Corporation, Gezira 
Research Station, 1978.) {218 

A Growth Chart for International Use in Maternal 
and Child Health Care: Guidelines for Primary Health 
Care Personnel. Pp. 36. (Geneva: WHO; London: 
HMSO, 1978.) Sw.fr. 10; $5. {218 

European Organization for Nuclear Research—- 
CERN. CERN 78-06:HPLOT—The Graphics Interface 
Package for the HBOOK Histogramming Package. 
By H. Watkins. Pp. vii+ 65. (Geneva: CERN, 1978.) 
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APPOINTMENTS VACANT. 





+ 


AGRICULTURAL 
RESEARCH COUNCIL 


UNIT OF NITROGEN FIXATION 


University of Sussex, 
Brighton BNI 9QJ 


- MOLECULAR BIOLOGIST 
Is requiréd to jorh an interdusciplnary 


team .working on the physiology, Dro-, 


chemistry and genetics of 
fixation. 


nitrogen 


The is for a speculis in 
molecule biolo who will collaborate 
with genetics and biochemmts in a 


collective study, im vitro and Ha 


vivo, 


of the products and regulations of the 
nitrogen fixation genes of Kiebaiclia 


Candidates should have a first or 
upper second class Honours degree in 
brochemistry, mucrobiology or micro- 
bial genetecs and at least two years’ 


relevant postgraduate research 


perience. 


i 


tx- 


_ Appointments as Higher Scientific : 
Officer ontho salary scale £4,101 to 
£5,448 with non-contnbutory superan- 
noation Starting mlary according to 


experience. 


i 


Applicatwns to 'the Administrator, ' 
Umt of Nitrogen Fixation at the above 


Closing date September. 
TOSKA) 


1978, 


~ 


UNIVERSITY OF 


BIRMINGHAM 


DEPARTMENT OF 
GEOLOGICAL SCIENCES 
RESEARCH ASSOCIATE 
IN HYDROGEOLOGY 


for the’ 


Applications are invited 


Peis Gite ee 


interpretation related to ch 


aguif 


29, 


logical 


er 


water resources studies Tho study will 
include hydrochemical appraisal and 
‘sorpe bo le and surface geophysics 
The work ww supported a research 
grant from: the Anglian Wat 
Authority Applicants should have a 


good honours degree in 


er 


geology and 
at least A pera A in hydro- 
patie Cs or three yoars 

mente a l, 1978. The siccem 
ful applicant may be permitted 


register for the degree of Ph. 


D 


to 


Salary -in the range £3,384 to £4,882, 
Plus superannuation, maximum’ mart- 


ing salary £3,883 
Applicatrons should be 


niversity of 


sent 


Bırmin 


ham, P.O Box "183, Birmingham B15 
TTT (three copies) including Bep H 
vitae and the names of three referees 
by Wednemtay, September 27, 1978. 
quote Reference NGB., ` 


TIIA) 


-to 





LONDON SCHOOL 
' OF HYGIENE AND 
TROPICAL MEDICINE 
(University of London) . 
Keppel Street, WCIE 7HT 
IMMUNOLOGY UNIT 


A RESEARCH TECHNICIAN 


is required fora period of up to two 
years to work on the mechaniamns of - 
ummune complex disease under the ‘ 
direction of Dr M. W Steward 
Expenence in biochemical and im 


£4,384, inclusive. 

Applications, balconies: of full 
education and aod 
narung two referees, ei. hoii be sent to 
Secretary (Al) at tbo School 

TIIA) 





UNIVERSITY OF WARWICK 


RESEARCH ASSOCIATE 
in the 

DEPARTMENT OF CHEMISTRY | 

AND MOLECULAR SCIENCES 

Applications are a ‘for the 
post of ASSOCIATE 
with Dr B E P SE regoaae = 
the detallod mode of sction of the 
anti-tumour' agent, cyclophosphamide 
on normal and cancer cells Same 
expenence with cell culture, -organic 
syntheses and/or radioisotope tech- 
niques would be advantageous and the 
applicant should have a good degree 
in Biocbemrmtry or a related subject. 

The appointméat, which ts supported 
by the Cancer Research Campaign, & 
initially for one your, with the pos- 
sibility of extension to three years. 
Maximum starting mlary will be 
£3,660 per annum on Research Range 
1B, pus superannuation Applications 
(two copies) giving qualifications and 
experience and naming two referees 
should be sent to the Academic Reps- 
trar. University of Warwick, Coventry 
CY4 7AL, as soon as possible, quoting 
Ref No 4/2A/78 6034(A) 


t 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF GENETICS 
Applications are invited ‘for the 

above post The chief requirements 

include familsanty with 

methods of ciimocal Mamon of cyto 

genetic abnormality, iocluding banding 

methods and tissue culture The lab- 
oratory is well equipped and there are 
opportunities for research 


urther particulars from The Secre-. 
tary, The Univermty, Aberdeen, with 
whom applscations " copres) should be 
lodged by September 30, 1978. 
TOS 1(A) ai 





. MARY WADE . (WASHINGTON OFFICE) . (202) 737-2385 


CSIRO 
AUSTRALIA 


Postdoctoral 
Research 
Fellow 


Division of Forest 
Research 
Yarralumla, A.C.T. 


CSIRO has a broad charter for research Into primary 

and secondary industry areas. The rgeanization has 
approximately 7000 employees—2400 of whom are 
research and professional scientsta—ocated In Divisions 
and Sections throughout Australia. 


Field: Soil Compaction 


General: Modem harvesting machines may cause 
considerable disturbance to the forsst floor, including soll 
compaction. The Drvision Is concened about the impact 
of such disturbance, In native as wall as plantation forests, 
on the soils, hydrology and growth during second 

rotation cropping. 


Dutles: Applications are Invited from persons interested 
in initiating research on aspects of soll compaction. 

The successful candidate will rece-ve cooperation from 
the Division's sections concerned with soil physics, 
hydrology and harvesting, but Is expected to develop an 
Independent program. 


Qualifications: Ph.D. or equrvalsnt qualifications In 
soil physics or soil mechanics and Jemonstrable research 
ability. A broad understanding of forest operations and 
catchment hydrology is desirable. 


Salary : Research Scientist or Senior Research Scientists : 
$A14,829 — $421,643 p.a. 

Tenure: Fixed term of 5 years, with Australian 
Government Superannuation benefits. 


Applicatons IN. DUPLICATE, steting FULL personel and 
professional details, the names and addresses of at least 
two professional referees, and QUOTING REFERENCE 
NUMBER 1059/119 should reacr : The Personnel Officer, 
Australian Scientfic Liaison Office, Canberra House, 
Maltravers Street, LONDON WC24 3EH 

by 15th October 1978, 


“Applications in U.S.A. and Canada should be sent to: 


The Counsellor (Scientific), Embassy of Australia, 
1601 Massachusetts Avenue, N.VY., WASHINGTON, D.C., 
20036, U.S.A. 


7090 (A) 


xxiv 





e ° 
Scientists 
RUTHERFORD LABORATORY 


South Oxon. 


The Rutherford Laboratory is the Scence Research Council's 
principal establishment for advanced work on the frontiers of 
physics, and one of Europe's leading centres for laser 
research. 

The Laser Division now has vacancies for two Scientific 
Officers in experimental physics. 


Plasma Physics 


The successful applicant will jom a small experimental team 
providing facilites for and collaborating with University users 
of the SRC Laser Facility. The experiments are concerned 
with the study of laser-plasma interactions and laser drivan 
implosion and compression. The work involves the alignment 
of smal targets in the focus of the laser beam, operation of 
plasma measuremant devices, analysis of experimental data 
and development of new measurement systems. 

You should have a University degree in a relevant subject. 
Experience in optics or pulse electronics would be 
advantageous. 


Target Fabrication 
and Development 


The selected candidate will become part of a small 
group preparing microscopic but complex targets for 
irradiation by the high power laser beams. 

You wil carry out development work on new target 
manufacture measurement and costing techniques and be 
responsible for the supply of targets for the experimental 
programme. The work involves tne use of vacuum and high 
pressure gas handling equipment, optical microscopes and 
interferometers, X-radiography equipment and a scanning 
electron microscope, 

You should have an HNC in Applied Physics or equivatent 
qualification in a relevant subject. Expenence in thin fim 
coating techniques or use of any of the above equipment 
would be desirabie. 


Scientific Officer salaries are in the £3,037 — £4,724 
(including supplements} with prospects of promotion 
to higher grades and salary scales. 

Working conditions are excellent and benefits include 
generous holidays, sick leave allowance and contributory 
superannuation scheme, 














Wirte ar telephone for an applicato farm tor 
Ruth Jeans of tha Personnel Group. 

Please quote refarance VN735 and state 
which post you are interested in. 

Ciosg date for apphcatans 30th Sept. 1978 


RUTHERFORD 
Science Research Council 


Rutherford Laboratory, Chilton, Didcot, 
Oxfordshire OXil OGX. Tel Abingdon 21900 
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RESEARCH ASSISTANT 


Graduate required to join a iram 





Please mention 


Nature 


when answering 


af scientists investigating basic aspects 
of cardiac biochemistry and physiology. 
A training in physiology or bia 
chemistry and experience im speciro- 
photometry, tissue metabolite anaiysss 
or organ perfusion would be 
advantageous, The yesearch unit is 
located in the new Rayne Insinule and 
appainumenats will be made througn 
& Thomas's Hospital Medical School. 
ADP ca tions together with a 
curriculum vitae should be sent to 
Or D. J, Hearse, The Rayne Instiiute, 
St Thomass Hospital, London SE}. 
TOSICAS 


advertisements 





Nature Vol. 275 14 September 1976 


THE UNIVERSITY 
OF PAPUA NEW GUINEA 
(PORT MORESBY) 
Applications are invited for the post 
of 


TUTOR/ 
ASSISTANT LECTURER 


in the 
DEPARTMENT OF GEOGRAPHY 

Preference will be given to candidates 
with teaching and research interests in 
Agricultural Geography and/or Human 
Ecology. The appointee will be 
required to make a major contribution 
to the Social Studies course in the Aris 
Faculty Foundation Year, and the 
Man and His Environment course in 
the Science Faculty. In addition he/ 
she will have teaching duties in some 
of the more Advanced Geography 
courses. There are ample opportunities 
for research in Papua New Guinea 
and if appropriate the appointee will 
be encouraged to enrol for a higher 
degree. Appointment will be for a 
period of two years in the first in- 
stance. Salary scale: K7,323 to K8.382 
pa. (£1 sterling=KI,33). In addition, 
an aHowance of K1.300 pa. if single 
is payable. An extra K1.000 Marriage 
Allowance and KIS@ per child Child 
AHowance may also be payable. There 
is also provision of housing and annual 
leave fares. Detailed applications {2 
copies} with curriculum vitae and 
naming three referees plus small phato- 
graph to be sent direct to Secretary, 
Box 4820. University PO, Papua New 
Guinea by October 6, 1978. Appli- 
cants resident in the UK should also 
send one copy to Inter-University 
Council, 90/91 Tottenham Court 
Road, London WIP ODT. Further 
details may be obtained from either 
address. FO93{A} 





INSTITUTE OF 
PSYCHIATRY 
TECHNICIAN 
required in the Department of Neuro- 
pathology to assist with electronic data 
processing connected with hiochemical 
research. An applicant keen to learn 
need have only some of the relevant 
biological or mathematical background. 
Training will be given in data process- 
ing and in electronic and biochemical! 
techniques, according to the applicant's 
background and previous experience. 
Unusual opportunity fo gain broader 
experience of modern microprocessor- 
based techniques. 

This posifion is grant supported for 
three years with possibility of exten- 
sions. Whitley Council conditions of 
service. Salary in the range £3,268 to 
£4,680 per annum plus London Weight- 
ing £354 per annum. 

For application form please write to 
the Assistant Secretary, Institute of 
Psychiatry, De Crespigny Park, Den- 
mark Hill. London SES BRAF or 
telephone 703 S411, Ext. 214, quoting 
reference OEP/N. FOGNA) 


LAKEHEAD UNIVERSITY 
POSTDOCTORAL FELLOW 
SURFACE CHEMISTRY 

Position available in small group 
active in surface chemistry and hetero- 
geneous catalysis, Stipend and benefits 
up to maximum allowable by N.R.C. 
regulations. 

Please forward applications with 
names of two referees to: 

Dr R. A. Ross 
Professor of Chemistry 
Lakehead University 
Thunder Bay 
Ontario 
Canada P7B SEI 

TIZA) 


N.M.R. SPECTROMETRY 
ASSISTANT 

King’s College, London 

Applications are invited for tie 
above 

TECHNICIAN GRADE 5 
post to assist in the operation/maim 
tenance of a Bruker HEX 90 FU 
f.m.r, spectrometer. Previous exper# 
ence of speetroscepic or of othe 
advanced electronic instrumentation 
desirable. Initial instruction wih be 
given if required. Salary on scale 
£3.63) pa. rising to £4,185 pa. Cine 
clusive) for a 374 hour week Monda: 
tO Friday. 4 weeks’ annual holida: 
Contributory pension scheme. Appi! 
in writing with full details to: The 
Head Clerk, Ref. 204008, King’s Cok 

lege London, Strand, WC2R 2LS 
TOTICA) 








UNIVERSITY OF OXFORD 
DEPARTMENT OF 
AGRICULTURAL SCIENCE 
RESEARCH ASSISTANT 
with a good honours degree, a driving 
leence and an interest in funga 
taxonomy and pathology to assist ox 
a N.E.R.C. funded project to monjos 
disease in plant communities ove: 

three years. . . 
Starting salary £3,189 on Grade IBe 
Applications with the names of twe 

referees by September 30 to the 

Administrator, Department of Agri 

cultural Science, Parks Road, Oxfore 

OXI IPFE, from whom further particup 

lars can be obtained. TI23(A) 





MAX-PLANCK-INSTITUOTE 
Tiibingen, Germany 
POSTDOCTORAL 

RESEARCH POSITION 

IN TUMOUR VIROLOGY 


open, beginning January 1979, os 
earlier. Applicants with Ph.D. or M. | 
degrees should have some experience 
in immunology and/or (tumour, 
virology to join a research group 
working on cell surface and nucleas 
alterations of virus transformed cells 

Salary around 36,000 German Mark 
per annum, i ; 

Some knowledge of German b 
desirable, but not absolutely necessary 

Applications should be sent fo: 

Dr R. Kurth 

Friedrich-Miescher-Laboratorium 

Miux-Planck-Institutes 

Spemannstr. ee 

7 übingen, W. German 

4 Tübingen, TTS 








MOREDUN 
RESEARCH INSTITUTE 
BIOCHEMISTRY DEPARTMENT 


S.0./H.S.O. 


A SCIENTIST is required to join ë 
small team. The appointee will be 
responsible for initiating and conduct. 
ing research on the biochemical con 
sequences of parasitism and certain 
other diseases in ruminants. Applicants 
should have a first or upper second 
class Hons. Degree in Biochemistry œt 
Agricultural Chemistry. At least 
vears postgraduate experience 15 re 
quired for appointment as H.S.O. | 

Salary scale: $.O, £2,839 to £4,415. 
H.S.0. £4,101 to £5,448. Non-con 
tributory superannuation scheme. Start- 
ing salary will be dependent upon 
qualifications and experience. l 

Applications giving the names and 
addresses of 2 referees should be sent 
to the Secretary, Animal Diseases 
Research Association, Moredun In- 
stitute, 408 Gilmerton Road, Edin- 
burgh EH17 75H. Fi2S5CA) 


The Advertisement offices for NATURE have moved to 





ANGE OF ADDRES 





3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 
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UNIVERSITY 


OF MANCHESTER .- 
DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 


A posidoct aseisiant 
snsored by the Modscal Research 
connec is October 1978 
- @arlior The work, 
wier the su of Jacqueline B 
cum, involves the fon 


erea be Mirna Guill do 
eee ee of whom a a 


microscoput Expenence 
dagen biology or biochemistry would 
a welcome bu 
ince” protein chemistry would also 
a acceptable. The appointment w for 
salary male ls 





THAMES POLYTECHNIC 
SCHOOL OF MATERIALS 
SCIENCE AND PHYSICS 


Candidates should have good honours 
legrees in physica, materials sclence or 
*homistry experience in the 
bore areas um not and suc- 
easfol candsxiates rogkter for 
ugher degrees of the CN A.A 


Salary scale. £3,015 to £3,189 to 
‘Instve 


Further particulars and form of ap- 
dication may be obtained from the 
; , Thames poeta la 


ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts. ALS 2JQ 


STATISTICIAN 


nrafble for a continuing 
agricul survey The work involves 
Miamon with collaborating same 
analysm 
here will 


¢o be 


aho be rtunities for research on 
problems interpreting observational 

Qualrfications Degree, HNC or 
equivalent qualification in Statrmtics 


with at loast five years’ relevant post- 
qualifying experience Previous experi- 
ence with responsibility for staff would 
be an advantage 
Appointment in o of H 

Solkentde Oficer (£4,101 to „448 
pa). Starting g to ax 
ae Non-contnbutory supCTannua- 


, Apply in writing to the ` 
giving names and idremes of two 
referees exi quoting Ref 369 by 
October S$, 1978 Further details on 
rexqucet. POTOLA) 


CHANGE OF ADDR 


al Survey 





Specialists 


£7000—£8825 based Yorkshire 


The National Coal Board have opportunites for 2 Coal Quality 
Scientists to work as part of a National Exploration tean based in 
Yorkshire which has the task of establishing the long term coal 
reserves of the nation. 


The main work will Involve the synthesis of data from boreholes 
as exploration proceeds; the identrfication of these quality 
parameters to which the profitability of any coal mining venture 
would be most sensitrve; and the evaluation of each prospect 
within both its Regional and Nationa! exploration s3tting. The 
successful applicants will also participate tn appraising the coal 
quality and utilisation aspects of the Board’s major caprtal 
investments programme for the development of new capacity. 


Applicants should hold an honours degres in either chemistry, 
geochemistry, fuel technology ora related subject. Expenence in 
one or more of the following fields would be an advantage. fuel 
tachnology, coal analysis and utilisation, coal p-eparation, 
geological data analysis. 








A penod of supervision and training will be giren where 
appropnate. 


These are permanent positions within Headquarters Seological 
Branch with an inclusive salary range of £7000-£88265. 
Attractive conditions of employment. 





UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF BOTANY 


POSTDOCTORAL 


RESEARCH FELLOW 

A Postdoctoral Research Fellow is 
required for two years for an experi- 
mental investigation of ‘The Tranm- 
ton to Flowering in Suene’’ Thi 
work is supported a the Agricultural 
Research Council wil] invalye 
the expeormnenta] a a es te and 
Measurement of the growth of plants 
in controlled environments, moeasure- 
ment of 


graphy, scanning electron microscopy, 


Salary on renge IA, £3,660 to 
£6,178 per annum, eccording to age 
and experienco 


Applications, with a carnculum 
vitae and the names and addresses of 
two referees, should be sent as soon as 
posable to Dr R F Lyndon, = 
ment of Botany, Univermty of - 
burgh, Mayfield Road, Edinburgh EHO 
33H Please quote Reference 3048 

TIIMWA) 


Please apply with full details to: 


Headquarters Staff Manager, 
National Coal Board, 


Coal House, Doncaster, South Yorkshise. 





ST GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

RESEARCH ASSISTANT 


Graduate or postdoctoral pereon 
required in the Physiology Department 
to participate m a 2 to 3 years 
Arthntis and Rheumatism Council 
research project into the control of 
fud movement between the synovial 
cavity and mucro-crroulation of 
mammalian jponts, Applicants should 
hoki an upper-second or first-class 
degree in animal physlology and have 
a special imterest in mammeahaen cardio- 
vascular/body find physiology. Excel- 
jent research faciiities are availabie in 


thie modern, recently  cstablished 
Department and the unity exs 
for a graduate to ako a higher 


degree during (tbe tenure of ap posi 
Salary scale £3,212 to £3,447 plus 
£450 London allowance A ations, 
with the names of two pe se 

the Establahment Officer, St boa ers 
Hospital Medea) School, Cranmer 
Terrace, London SW17 ORE 

TIOM{A) 


THE 
UNIVERSITY OF LEEDS 


werk with Dr L D Ineoll on a 
project concerned with work on 
when and how oytokinins open 


bean trained at the postgraduate 
jevol in research on phytobormonc 
oxperi- 


fo~ one year in the , 
renewable for up to a total of 


thoes yours. Initral salary will be 
in the range £3,883 to £4,382 pee 


re erees, should be sent b 
5, 1978 to Dr L D Ineo 
ment of Plant Sciences 
Wog), The University of Leads, 
Leeds LS2 9JT, from whom further 
decails may be obtained. 7073(A) 





The Advertisement offices for NATURE have moved to 


3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 
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THE NEW SOUTH WALES 
INSTITUTE OF TECHNOLOGY 
Sydney, Australia 


SCHOOL OF LIFE SCIENCES 


Associate Head of School and Head, 
Department of Cellular Pathology 
and Microbiology 


The New South Wales Institute of Technology is a corporate tertiary 
institution, established to. provide a wide range of professional courses 
for those entering or already employed in industry, government, and 
technolagical fields. 
The School occupies a six-storey building at Gore Hill adjacent to the 
Royal North Shore Hospital. There are well equipped laboratories for 
teaching and research in Pathology, Microbiology, Biochemistry, 
Environmental Biology, Physical Biology and General Biology. The 
School also jointly operates the Gore Hill Research Laboratories with the 
Royal North Shore Hospital. 
The appointee will beresponsible to the Head of School for the teaching and 
development of undergraduate and postgraduate programmes in cellular 
pathology and microbiology. This will include the continuing develop- 
ment of courses in immunology, haematology, diagnostic cytology and 
clinical microbiology. The appointee will also be required to study current 
trends in the fields mentioned, and to make recommendations on new 
undergraduate and postgraduate courses. 
itis anticipated that the appointee will be qualified in medicine or an area 
of medical science, possess appropriate postgraduate qualifications and 
have substantial professional experience. Depending on their interests 
and experience they may be offered an association with the Royal North 
Shore Hospital. 
Salary will be in the range of $429,612 — $A31,789. With consent of 
Counc, academic staff are permitted to undertake limited consulting 
wark. 
The position offers tenure, superannuation, long service leave, and a 
Housing Loan Schema. Fares and a contribution toward removal and 
initial accommodation expenses are provided for overseas appointees. 
Dr R. L. Werner, President of The Insttute, will be in London trom the 
11th to the 26th of September, and will be available to provide further 
information on this position through the Agent Generals office on 
01-839 6651. 
Applications close on October 31, 1978. Applicants should arrange for 
three confidential referees’ reports to arrive by the same date. Applications 
should include: address; phone number: personal particulars; docu- 
mentary evidence of qualifications; work and teaching experience; 
affiliations; publications: research work undertaken and the names and 
addresses of the referees contacted. Applications and referees’ reports 
are to be sem to: 

The Agent-General for N.S.W. 

ASW. Government Offices 


56 STRAND 
LONDON WC2N 5LZ 

ENGLAND 7031 (A) 
THE POLYTECHNIC NEUROSCIENCES FACULTY 
OF NORTH LONDON Faculty positions available ir the 
I One in Neurosciences Prograr, Maryland 
PHYSICS DEPARTMENT Psychiatric Research Center. affiliated 
Applications are invited from graduates with the WUsiversity of Maryland 
for a School of Medicine. One pasiitan is 


open fo a 


SCIENTIST 


with rigorous poslgraduate training in 


ASSISTANTSHIP 


physics, The fields of 


RESEARCH 
i experimental 
Pescarch are: 


Development of microwave excticd neuroendrocronealogy, basic expertise 
spectroscopic light sources; in hormone assay procedures and the 
Investigation of the properties of thin | capability to study functional aspects 
magnetic films: of hormones/polypeptides in a muti- 
Development of dow background | Gisciplinary clinical research centre. 
counters for studying cosmic an The second position jis for a 
environmental radiation. SCLENTIST with rigorous postgraduate 


training ino a neurobiology specialty 
Soy by so onertyviges 7 x ‘. pe Reel EEP À 7 We ws 
Saiary caje: £3,015 HES LS FRY fire pug- with preferente given to xt rei h HY 


ing London Allowance Duties include biochemistry and/or wenetics plus 
six hours of teaching per week. A experience in eell or organ culture 
suitably qualified candidate muy he techniques. 

allowed to register for a researct l l l 

ka Oo FORTEF TON A crescaren Submit curriculum vitae, summary 


of research interest and two letters of 
reference by November 15, 1978, to: 
Neuroscicnces Search Committee, 
Maryland Psychiatric Research Center, 


Applications should he made as soon 
as possible to the Head of the Depari- 
ment of Physies, Polytechnic of North 


London, Holloway, Landon N7 SDB. Box 3235, Baltimore, Md. 21228. An 
from whom further details may also Equal Opportunity Employer. 


be obtained. FO94(A) TQ60(A) 








UNIVERSITY OF CALGARY 


14 September 197. 





MORPHOLOGICAL 
SCIENCE 


The Faculty of Medicine, The University of Cal- 
gary, Calgary, Alberta, invites applications for the 
position of Professor and Head, Division of Mor- 


phological Science. 


Candidates should have an established record of 
achievement as a scholar, an active research pro- 
gramme, and a strong background related to teach- 
ing anatomy in a medical school using the systems 


method. 


Applications, including an up-to-date curriculum 
vitae should be forwarded to: 


Dr. L. E. McLeod, Dean 
Faculty of Medicine 


The University of Calgary 


Calgary, Alberta 
Canada 
T2N 1N4 






THE UNIVERSITY 


Li 








OF CALGARY 


FIZKEAD 


se An be cha Re AEA aha ANAS A AAAA ARRAN mA Ls NARA yaana RAR YORK aA aa NAA NA AMINA ASA EAAS UPA SAADA atas HU Atti RM 


PUBLIC HEALTH 
LABORATORY 
SERVICE BOARD 
SCIENTIFIC OR SENTOR 
SCIENTIFIC OFFICER 
AT THE MYCOLOGICAL 
REFERENCE LABORATORY. 
LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE, 
Keppel Street (Gower Street), 
London WCE 7HT 

Applications are invited from 
graduales who have a primary training 
in medical mycology or microbiology 
and experience with the handling and 


identification of pathogenic micro- 
organisms, The suecessful candidate 
wil be required to assist with the 
handling and identification of patho- 
genic fungi with serodiagnastic and 
antifungal tesis, and io develop inde- 
pendent research interesis in the field 


of medical mycology. The level af 
appointment will depend on qualifica- 


nens and experince but will be on 
the svale £2,991 ro £4,899 (Scientific 
Otheer) or £5,451 ta £837 Senior 


Scientifie Officer}, plus London Weighi- 


ing allowance of £364, Terms and 
conditions of service similar io 
National Health Service. The labora- 
tory miay be visited by arrangement! 


with the Drrector, Professor D WR. 
Mackenzie Celephone 01-636 S686 ex! 
361) who can provide a brief job 
description of the post, Applications 
ia Professor Mackenzie at the London 
School of Hygiene and Tropical Medi- 
cine, stating date of birth, qualifica- 
tions, experience including published 
work, and naming 3 referees, Closing 
date Sepiember 30, [978. FOURMA) 


TECHNICIAN (irade 4) required te 
work in Fermentation Pilot Plans 
Laboratory. Duties include micro: 
biological/analytical work and opera 
tion af laboratory fermenters. The 
successful applicant will be required 
io operafe a limited day shift system 


(09.00 to 17.00 hrs: 6x duty days. 
3x rest days). Salary in the range 
£3,674 to £4,121 pa. inclusive of 
Londen Weighting and shift incon- 
venience allowance. Enquiries ir 
writing to: Departmental Superin- 
tendent, Biochemistry Department, 
lmperial College. South Kensington, 
Londan SW7 2AZ. Ti26tA) 


Southampton 


if THE 
UNIVERSITY 





CHAIR OF GEOLOGY 

Applications are invited for a further 
Chair of Geology which is to be 
established during the academic year 
1978/79, 

Salary within the professional range. 

Applicants may have teaching and 
research interests in any eld of study 
appropriafe fo a University Depari- 
ment of Geology. 

Further particulars may he obtuined 
from the Secretary and Registrar, The 


Universiiy, Southampton $09 SNH, 
and applications (10 copies fram 
applicants in the United Kingdom) 


must be submitted before November 4, 
1978, J7INKAX 


The Advertisement offices for NATURE have. moved 


GE OF ADDRES: 





3 DYERS BUILDINGS, LONDON, 
TELEPHONE : 01 831-6901 


ECIN 2NR 


lature Vol. 275 14 September 1978 





ROYAL FREE: HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 


mIOCHEMICAL GENETICIST 


Rewarch Asssant wanted to work 
1 inherited vanations of proteins 10 
ouse mice Starting salary £3834 
a (scale 1b) 
coms of two relereos, to be sent as 
mon as possible and not later then 
eptember 29, to Professor R, J 
erry, Royal Free Hospital School of 
fecicine, 8 Hunter , London 
{CIN IBP. TIOOCA) 





UNIVERSITY OF OXFORD 


DYSON PERRINS LABORATORY 
(ORGANIC CHEMISTRY) 


Applications are invited for a post- 
octoral research asiani supported 
y the Medical Research Council to 
‘ork, in the mechanism of acion of 
olyene macrolide anubioucs.' Exper 
ace.in nuclear magnelic resonance 18 
e¢eirnble but not essential, and thu 
nil be the main technique used The 
«poimnttment will be for a penod of 


to two years in Research Support, 


rode lA at an appropriate point of 
1¢ salary scale up to £4,365 pa plus 
iSS, the preferred starting dale ıs 
anuaty l, 1979 Applicants should 
mio as soon as, possibile grving full 
erson! -deteik and “naming two 
eferess to Dr J M. Brown, Dyson 
‘erring Laboratory, South Parks Road, 
yxford OXI 3QY. 7102(A) 


- 


a 
PPE JE E DEEE ee Re Se I ORE 
S 


JNIVERSITY OF LEICESTER 
DEPARTMENT OF GENETICS 


TWO Post-doctoral pontons are 
ailabie to- work on the mechanism 
af action of penillin and the use of 
“he antibiotic to study the processes 
f bacterial cell division and ahape 
Metormination 

ONE position is MRC funded for 
drec years axi the other is funded by 
loechst Pharmaccuticals for two years 
+n the first instance Both positions are 
i salary scale IA (£3,660 by £235, 
udder review) ond are available from 
Xctober I or as soon, as : posmble 
hereafter. ` i ‘ 

Applications including a curriculam 
itae and the names of two referees 
ould be sent to Dr Brien G. Spratt, 
Department of Genetics, Univermty of 
BLescester, Leicester LE] 7RH as soon 
ls posable. TIOICA) - 


“7 


Geology and Geophysics 
UNIVERSITY OF 
CALIFORNIA, BERKELEY 


An Assistant Profemorship in 
Geology mu an 
ending budgetary approval, to be filled 
July l, 1979- in the ent of 
Geology and Geophysics Candidates 
muk have ao expertise which will con- 
“nbute to an integrated programme df 
field and laboratory. and tech- 


ture-@tratigraphy, oar, 
position will require teaching . and 
rescarch supervision in the field The 
Ph D degree us ‘required , 

Appleations should be submitted b 
December 15, 1978 to: 


Geology and yuca 
Univernty of California 
Berkeley, Ca 94720 

and should lude the names of three 


academic referoes 
The Unrveraty of California is an 
Affirmative Action employer. 7105(A) 


CHANGE OF ADDRES 


Appbcations, with’ 


anticipated vacancy,” 


_ 


AGRICULTURAL 
- RESEARCH COUNCIL 
INSTITUTE OF 
ANIMAL PHYSIOLOGY 
Babrabam, Cambridge CB2 4AT 
VASCULAR BIOLOGY 


Appheatiom are invited for @ post 
in the Depertment of Cell Biology, 
tenable for three yours, on a project 
finanan by the M.R.C. Tho project, 
under the supervipon of Dr J, L 


, Gordon, will involve‘ studies on the 


’ September 30, 


~ 


contro] of vascular tone and per- 
meabiity, using cultured endothelial 
and amooth muscle ae end isolated 


correlates’ of contractility, or with 
transport, metabolism or secrethon-‘of 
vasoactive agents (og. prostaglandins 
and amunes) would be advantageous. 
Candkiates shovuki possess a ist or 
upper 2nd class Honours degree: In 
biochernatry OT related . science, 
together bins at lemat 2 an races 
post-qnualifying e¢xpenence erence 
will be given to candidates wih rék- 
vant postdoctoral.experiance Appoint- 
ment will be to th HSO pede 
(£4,101 to £5,448) or to the §.5.0. 
grade (£5.154 to £6,898) depending on 
experence. Applications, including 
CV and the names of two referees, 
should be ment to the Secretary By 
1978. Quote Ref 


JLG TLO6{A) 


AUSTRALIAN NATIONAL 
UNIVERSITY 


Appleatons are invited for appoint- 
ment to the folowing 


Research School of 

Biological Sciences 

DEPARTMENT OF 
POPULATION BIOLOGY `°. 


RESEARCH FELLOW 


The Department has a small group 
Interested ın genome structure’ and 
evolution in Current 


well as molecular studies on 
Drosophila and rodent geacmes, with 
cmphasm on highly repeated DNA 
The applrcant should have postdoctor#l 


research expenente and be Interested 


in developing a programme on some 
aspect of genome structure The appli 
cant should preferably be familar with 
current; molecular techniques, pre- 
ferably DNA cloning, restnction endo- 
nuclease digestion of DNA and electron 


py. 
A Intmoent of Rescarch Fellow is 
for three years in the frm Instance 
with the possibility of extension to five 


years. 
CLOSING DATE October 1$, 197% 
SALARY Salary-on appointment 


will be in accordance with qualifica- 


tions aod cxpenence within the range 
Reaarch Fellow $415,179 to $19 811 


_ Current exchange rates SA1=S$US1 I3 


Stp. 

OTHER CONDITIONS Reasonable 
appointment experenm are paidi Super- 
annustion are available for 
applicants who are eligible tọ contri 
bite Assistance with housmg w, pro- 
vided for’ an appolntee from . outside 
Canberra , 

Tho University reserves the right not 
to make an appomtiment or fo make 
an appomtment by Invitation at any 
time. 

Prospective applicants shovld nba ~ 
the further particulars from the 
Association of Commonwealth Unl- 
veruties (A ho 36 Gordon mare, 
London WCIH OPF TOSTCA) 


GSIRO 
AUSTRALIA 


Post Doctoral 


-= Research 


Fellow 


Division of 
Plant Industry 
Canberra Act 


CSIRO has a broad charter for research into primary 

and secondary industry areas. The Organization has 
approxmately 7000 employees—2400 of whom are 
research and professional sclentists—located in Divisions 
and Sections throughout Australia. 


Fleld: Molecular Biology 


General : The Division, with headquarters in Canberra, 
ACT, conducts pure and applied research In genetics, 

plant breeding, genetic resources, biochemistry, physiology, 
microblology, plant nutrition, ecology, crop adaptation, 

soil fertility and plantintroducton. 


The position 1s in the Plant Storage Protein Group 

which is an interdisciplnary unit incorporating blochemista, 
geneticists, physiologists and plant nutritionists. Work 

In progress includes studies on the biosynthesis of pea 
storage proteins and on the charactenzation of the genetic 
elements Involved. Related activities in the Division 

include studies on chromosome structure and replication, 
the genetics of regulatory processes. and a study of the 
organisation, function and expression of the chloroplast 
genome. 


Dutles: To participate in a research program involving 
molecular studies on gene expression in higher plants. 

itis anticipated that recombinant DNA procedures will be 
used, In conjunction with other molecular blology 
techniques, to,analyse in detall the arganization and 
expression of storage protein genes in peas. 
Qualifications: Applicants should have e Ph.D. degres 
in an appropnate field or postgraduate research experlence 
of equivalent standard or duration supported by satisfactory 
evidence of research abllity. 

Salary: The appointment will be made within the salary 
ranges of Ressarch Scientist or Senior Research Screntist: 
$A14,829 — $421,643 p.a. 

Tenure: The position Is available for two years. 


Applications IN DUPLICATE, stating FULL personal 

and professional details, the names and addresses of at 
least two professional referees, and QUOTING 
REFERENCE NUMBER 130/1431 should reach: 

The Personnel Officer, Australian Sclentfic Liaison Office, 
Canberra House, Maltravers Street, LONDON WC2H 3EH 
by 15th October 1978. 

Applications in’U.S.A. and Canada should be sent to :— 
The Counsellor (Sclentfic), Embassy of Australla, 

1801 Massachusetts Avenue, N.W., WASHINGTON, D.C, 
20036, U.S.A. - : 
i 7089 (A) 
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G. D. Searle is a leading Pharmaceutical com- 
pany with its main U.K. site and Research 
laboratories at High Wycombe in Buckingham- 
shire. 


Within the laboratories we are involved in a 
growing number of long-term research and 
development programmes in various fields of 
medical science. 


The position of Microbiologist would ideally suit 
an experienced man or woman who would join 
the Research and Development Division to take 
on responsibility for severai branches of micro- 
biological work, primarily the monitoring of 
sterile production and testing facilities, but also 
providing microbiological advice for programmes 
on fermentation development and microbiological 
research programmes. The person appointed 
will report to the Biological Quality Control 
Manager. 


Candidates should have several years’ experi- 
ence in this field, probably with a PhD and pos- 
sibly with specific experience of microbiological 
aspects of tissue culture based vaccine produc- 
tion. All applicants must have at least a working 
knowledge of GMP requirements and should 
enjoy a real challenge ~ with the potential 
satisfaction of making significant advances in the 
world of medicine. 


In addition to a competitive salary, conditions of 
employment include 4 weeks’ holiday per year, a 
contributory pension fund, subsidised private 
health insurance, sports and social club and 
staff cafeteria. 


Applications are requested, quoting reference 
M/R16, either in writing, giving career details, or 
by telephoning for an application form to: 
G. Jenkins, Personnel Manager, Research & 
Development, G. D. Searle & Co. Ltd., Lane End 
Road, High Wycombe, Bucks. (Tel. High Wycombe 
21124 ext. 3272). 


SEARLE 


Microbiologist | 











NATAL MUSEUM 
Pietermaritzburg, South Africa 


VACANCY FOR A 
DIPTERIST 


Applications are invited for a 
vacancy in the Department af 
Entomology at the Natal Museum. The 
appointee will be required ta take 
charge of the Department and under- 
rake taxonomic research on Diptera. 
A person interested in one of the 
families Tachinidae, Cecidomyiidac, 
Dolichepodidae or Phoridae, is par- 
ticularly sought, but applicants with 
other interests will also be considered. 
The minimum academic requirement 
is an Honours degree, Full details. of 
the pest and application forms can be 
obtained from the Director at 237 
Loop Street, Pietermaritzburg 3201, 
South Africa. TOS A) 








HANGE OF ADD 


TRZA) 


MEDICAL RESEARCH 
COUNCIL 
TOXICOLOGY UNIT 
PHARMACOLOGIST/ 
PHYSIOLOGIST 


required as part of a long-term pro- 
gramme to build up expertise for 


studies of the mechanism of action of | 
toxic substances on specific organs or | 


preparations fa vive and in vitro. He 
will have opportunities for inter- 
disciplinary studies with other mem- 
bers of the staff as well as detailed 


discussions with Professor E. Zaimis | 


ef the Department of Pharmacology, 
Roval Free Hospital Medical School. 


The post will be a three-vear posi- | 


doctoral temporary appointment. 

Apply in writing by the end of 
September enclosing a full curriculum 
witae to Dr W. N. Aldridge. Toxico- 
logy Unit, Medical Research Council 
Laboratories, Woodmansierne Road, 
Carshalton, Surrey SMS 4EF., 

T048(A) 


DIRECTOR 
DIVISION OF FORENSIC MEDICINE 
HEALTH COMMISSION OF NEW SOUTH WALES 
and 


PROFESSOR or ASSOCIATE PROFESSOR 
DEPARTMENT OF PATHOLOGY 


THE UNIVERSITY OF SYDNEY 
(Joint appointment—Health Commission and 


University of Sydney} 

Salary: $A35,275 pa 

Qualifications: Medical practitioners eligible for registration in New 
South Wales and qualified and experienced in forensic pathology. 

Duties: (1) Responsible to the Health Commission for the administration 
of the Division of Forensic Medicine which performs forensic autopsies 
on behalf of the Sydney City Coroner and the Coroners of several 
Suburban areas and provides a forensic pathology consultant service to 
country areas in New South Wales, as well as forensic tests and examina- 
tions on behalf of the Police Department; and (2) responsible to the 
University of Sydney for teaching and research in Forensic Medicine in 
the Faculty of Medicine. 

General: The successful applicant will be offered permanent appointment 
to the New South Wales Health Commission under the New South Wales 
Public Service Act (1902). Subject to medical examination, he/she will 
be eligible for New South Wales State Superannuation. 


The appointee will also be given the tithe of Professor or Associate 
Professor by the University of Sydney and will have access to research 
facilities in the Department of Pathology within the University. 

Fares and Removal Expenses: Assistance towards fares, removal and 
initial accommodation expenses for interstate or overseas applicants will 
be considered. 


Enquiries: Dr T. Rennie, Health Commission of New South Wales, 9-13 
Young Street, Sydney, NSW 2000, re appointment as Director, Division 
of Forensic Medicine, under New South Wales Public Service Act: and 
to the Dean, Faculty of Medicine, University of Sydney, NSW 2006, re 
appointment as Professor or Associate Professor in the Department of 
Pathology, University of Sydney. 

Applications giving full details of qualifications and experience and 
names of three referees by Oetober 3, 1978 to the Registrar, University 
of Sydney, NSW 2006. Australia. Information also from Association of 
Commonwealth Universities (Appts), 36 Gordon Square, London 
WCIH OPF. TOO8(A) 








THE UNIVERSITY OF MANCHESTER INSTITUTE OF 
SCIENCE AND TECHNOLOGY 


ASSISTANT DIRECTOR OF THE 
POLLUTION RESEARCH UNIT 
Applications are invited from suttably qualified engineers or scientists 
to lead the U.M.ES.T. group of the Pollution Research Unit organised 
jicintly with the University of Manchester. The successful candidate should 
ideally be able to undertake the following:— 
(1) Fundamental or applied research in the pollution feki 
(2) Contributions to the organisation and teaching of an existing 
successful M.Sc. course. 
(3) Short courses. 
i4) Consultancy and test work for industry. 
industrial experience would be an advantage. Excellence in all the 
above fields is not essential provided the applicant possesses the paramount 
ability to motivate and coordinate interdisciplinary activities within 
U.MLLS.T. and the University, while cooperating fully with the Director, 
who is located at the University. 


Salary will be within scale £7,074 p.a. ta £8,730 pa. (under review). 


Applications and further particulars may be obtained from the 
Registrar, U.M.LS T., P.O. Box 88, Manchester M60 IOD. Quote 
Reference PR/IS3/Al. Closing date: October 13, 1978. TILIA) 





LANCASHIRE COLLEGE OF AGRICULTURE 
SCHOOLS LIAISON OFFICER 


Applications are invited for the newly created post of Schools Liaison 
Offer at the Lancashire College of Agriculture. Salary will be on the 
Lecturer Grade 2 scale for Farm Institute staff up io a maximum of 
£7,251 pa. dependent upon qualifications and experience. Car allowance 
payable. The person appointed will be concerned with the establishment 
and development of a school Haison unit and knowledge or experience of 
relevant school work would be an advantage. Further details and forms 
of application are available from:—~ 


The Principal Agricultural Officer, 
Lancashire College of Agriculture, 
Myerscough Hall, 

Bilsborrow, 

Preston PR3 ORY, 

Lancashire. 

Telephone: BROCK (0995) 4061. 


to whom completed applications should be returned not later than 
October 9, 1978. 7112(A} 


The Advertisement offices for NATURE have moved to 


3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 







Vature Vol. 275 14 September 1978 


JNIVERSITY OF RHODESIA 
FACULTY OF ENGINEERING 


CHAIR OF MECHANICAL 
ENGINEERING 


LECTURESHIPS 
IN ELECTRICAL 
AND MECHANICAL 
ENGINEERING 





A CAREER IN 
APPLIED PH 


Opportunity for a Scientific Officer at 
the Daresbury Laboratory. 


Applications are invited. from per- 
ans with engineering degrees and post- 
raduation experience for:— 





‘yofessor and Head of Department of 
Mechanical Engineering. 






wecturer or Senior Lecturer. in the De- 
partment of Electric and Power | 
Engineering (preferably with ex- 






perience in Electric’ Power Systems, Daresbury Laboratory, an establishment of the Science Research Council 
apts Madian ee i | situated in the north Cheshire countryside, is constructing the world's first high 
of Mechanical Engineering | (prefer- mm energy (2 GeV) electron storage ring specifically designed to provide a large 
ie Nat eae B viens 7 number of synchrotron radiation beams. This new National Facility is to be 
ical Design). | | commissioned in 1980 and will be used by well over 100 Britishnand foreign 
| experimental teams from many scientific disciplines including physics, 
lary Scales (Approx. Stg. equiv.): chemistry, biology and materials science. 
‘rofessor. . 
£10,461 by 394 to £12,431 The vacancy 
FF 608. “oy 295 to £8,491 by 313 to The Synchrotron Radiation Source (SRS) Group has a vacancy for a young 
£10,056 | physicist to join the team responsible for the construction, operation and 
ecturer Grade I development of the SRS and for the powerful computer netwerk which 
£6,899 by 259 to £7,935 controls the machine. The Group's activities cover a wide area of applied 
ecturer Grade I _ physics often involving development work at the frontiers of technology. 


. £4,260 by 224 to £5,380 by 259 to 


* + 


Further information about the post can be obtained from Mike-Poole (Ext. 256) 


‘abject to U niversity permission on the number shown below. 


imited extra earnings for consultancy 





e Gas ere hued oie the Who do we need? 

Iniversity. | Weare looking for a recent graduate, of either sex, with a good honours degree 
E E EA T in physics who could contribute to the SRS Group's challenging work 

jualification and experience. Family programme, both as an active member of a team and as an individual using his/her 

assages and allowance for transport own initiative. For example the person appointed would be expected to 

if effects; installation loan; travel al- 

owance for Sabbatical and Biennial | contribute to theoretical and experimental studies of the limitations imposed on 

dae raa pee A aad E beam intensity by the behaviour of electron bunches in a metal vacuum 

chemes. For persons recruited outside chamber. 

thedesia, unfurnished accommodation 

Sey Hach GP geod dunien a udt-Senior | Interested? 

ichools, is guaranteed for up to three | Applications are sought from graduates who wish to embark on an interesting 

aie and rewarding career in a field of research and development wnose importance 

Appointments: These may be on per- is growing rapidly. An appointment will be made at Scientific Officer level, 

hanent pensionable terms or for a : +} ; : UO) kr AR mn 

A tore or 1! aro veers da the ana according to qualifications and experience on a scale £2,839 to£4,415 per 

nstance. In the case of 1 and 2 year | annum. An applicant with an upper second class honours degree and no 

Oe ae sete a T a | experience might expect a starting salary of £3,294 per annum. There is a non- 

nent. Unless born in Rhodesia ex- | | contributory superannuation scheme, a generous leave allowance and a flexible 

atriates on contract are exempted working hours scheme. 

rom Military Service. | od 

| Application one Topy giving per- ; Closing date: 1 October 1978 

onal particulars (including fu ames, | = A ; m . 

Nace and date of birth), E AE | Torequest an application form, telephone 0925-65000, Ext. 467, quoting 

lelds of special interest, experience and reference number DL/638/ , OF write to: 

blications, and giving names and * . 

perenes Ka three refrees should be David Mitcham 

ent by November 17, 1978 to The | ; s 

enior Assistant Registrar (Engineer | Personnel Officer 


ng}, University of Rhodesia. P.O. Box | = ; 

a tase ea Sl DARESBURY LABORATORY 
thodesia, from whom further particu- paea por 3 i 

ars may be e Aier appli- i S A R h C il | 

ants please send an additional copy cience esearc ounci 

Daresbury, Warrington WA4 4AD 


X: the Association of Commonwealth 
Iniversities (Appts), 36 Gordon 
quare, London WCIH OPF, from 
rhom further particulars may also be 
btained. Applicants should state in 
heir applications the earliest date 
vallable and also the preferred date. 






TOMAX 


British subjects considering applying 

or posts in Rhodesia are urged to 
onsult the Foreign and Common- 
fealth Office (telephone 233-4143) or 
heir nearest British Consular Office. 


FOT2(A) 
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ULSTER POLYTECHNIC 


Faculty of Science 


RESEARCH OFFICER 
SCHOOL OF PHYSICAL SCIENCE 
Salary Scale : £3,732 to £4,632 


A Research Officer is required to assist a group working 
on the synthesis and bioassay of spirolactone fungicides. Appli- 
cants must have a good honours degree or equivalent in 
Chemistry and should have relevant research or industrial 
experience. Postgraduate qualifications would be an added 
advantage. 


The Polytechnic is a direct grant institution with an indepen- 
dent Board of Governors. It opened in 1971 and now has a 





Chemical 
Process 
Development 


Worthing 





Two organic chemists are required to work on the develop- 
ment and scale-up of processes for the production of 
existing and prospective products at our £ multi-million 
manufacturing facility at Worthing, 


Applicants, male or female, should possess either a PhD or 
a good honours degree together with an awareness of 
current technologies. Some relevant industrial experience 
would be advantageous. Good communication skills are 


student population of some 7,100. It has extensive new purpose- 
built accommodation, including 750 residential places on the 
114 acre campus overlooking the sea at Jordanstown, a 
pleasant and quiet residential area. There is a scheme of 
assistance with removal. 


Further particulars and application forms which must be 
returned by October 16 may be obtained by telephoning 
Whiteabbey (0231) 65131 ext. 2243 or by writing to: 


The Establishment Officer, Ulster Polytechnic, Shore Road, 


called for as close liaison will be necessary with Production, 
Quality Assurance, Engineering and Research departments. 





Newtownabbey, Co. Antrim BT37 OQB. TOTKA) . 


We are offering competitive salaries and excellent fringe 
benefits including free pension and life assurance, plus 
outstanding sports and social facilities. Working conditions 
at Worthing are attractive and the laboratories are extremely 
well equipped with the most up to date analytical and 
process instrumentation. 


INVERESK RESEARCH 
INTERNATIONAL 


Please telephone or write for an application form to Mr. A. 
D. Caws, Senior Personnel Officer, Beecham 
Pharmaceuticals, Clarendon Road, Worthing, West 
Sussex, BN14 BQH. Telephone: Worthing 39900 
Extension 233. 


RESEARCH SCIENTIST 


Applications are invited for the post of Research Scientist within the 

l section of in vitro Toxicology, The successful candidate will be expected 

i to carry out established tests for transformation, mutation and DNA 

repair in mammalian cell cultures, to participate in research and devel- 

s opment of new tissue culture techniques for the detection of mutagens, 

ere Pharmaceuticals carcinogens and teratogens. Candidates should have a biological or 


biochemical background, with postgraduate experience in tissue culture, 


7FLPS{A) 


and have the ability ultimately to lead projects and supervise the daily 
routine within tissue culture. 


LRT. is located near Edinburgh, within casy reach of the city and 
surrounding area. Relocation assistance will be provided if required and 
there is a full range of staff benefits. Application forms, Ref. 2314, are 


International, 
TILIA) 


available from Miss J. M. Dunbar, Inveresk Research 
Inveresk Gate, Musselburgh EH21 7UB. 





MEDICAL RESEARCH COUNCIL 
CYCLOTRON UNIT 
requires a 


PHYSICIST or an ENGINEER 


to join a team investigating the potential of hyperthermia in the treatment 
of cancer. The successful candidate will Be responsible for the development 
of methods of inducing local hyperthermia both in experimental animals and Courmayeur, Italy 

in man. At least 3 years postdoctoral experience in microwave or RF heating This Workshop .is intended as a 
iechnology will be required. Active collaboration with biological scientists forum for investigators working in ‘this 
and physicians is an essential part of the programme, therefore the successful field (including graduate students). 


t ; : : : i _ Numbers will be restricted. There will 
vandicgate will have a genuine interest in biology and medicine, be a Hmited number of grants to 


EUROPEAN MOLECULAR 

BIOLOGY ORGANISATION 

CHROMATIN WORKSHOP 
23-26 March 1979 


ST. MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

Paddington, London W2 IPG 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 


RESEARCH ASSISTANT 
GRADE 1A 


Fhe post is a five-year limited term appointment with salary in the range 
of £4.818 to £6,404 Gnelusive of London Weighting) depending upon age 
and experience, 


Applications, with full curriculum vitae to: 


Miss A. Pires 

MLRCC. Cyclotron Unit 
Hammersmith Hospital 
Ducane Road, LONDON 
Tel: 01-743 4894, Ext. 103 


GE OF ADD 


Wi2 OHS 
FIZIKA) 





defray costs of registration and accom- 
modation. The main theme of the 
Workshop will be concerned with 
transcription and its control. 

Applicants should send a brief 
curriculum vitae, a statement of 
interest in the field and, if desired, 
letters of support, before October 31. 
1978, to: 

Dr J. Paul, 

The Beatson Institute for 

Cancer Research, 

Garscube Estate, 

Switchback Road, 

Bearsden, GLASGOW G6! IBD, 

Scotland, Ji38( A} 


required to work with Dr P. Millburn 
and Dr P. C. Hirom on the entero- 
hepatic circulation of carcinogens and 
anti-cancer agents. 

Appointment for up to 3 years start- 
ing October 1978/November 1978. 
Salary within scale £3685 to £4,611 
pa. plus £450 pa. London Allowance, 
depending on age and experience. 

Informal enquiries to Dr Millburn 
(Tel: (019723 1252 Ext. 118), Cur- 
riculum vitae with names and addresses 
of at least two referees to The Secre- 
tary at above address quoting Ref 
RA/BIO/N. TIZA) 
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conditions. 


Cardiac Research 


A Senior appointment with ICI 


Cardiac research which is one of the most 
important aspects of research at ICI has resulted in 
an extensive range of successful drugs, in particular, 
beta-blockers and lipid lowering agents. 


We are now actively extending our cardiac research 
facilities to cover survival after heart attack—the 
survival of the myocardial cell under ischaemic 


Consequently we are looking for a person to head up 
this project which has the full support of the 
Company's extensive resources. It is envisaged that 
the nght candidate will have considerable 
experience in cardiac research. 


You will be free to determine the approaches to be 
used and will lead a multi-disciplinary team of 
experienced researchers. You should be 
qualified in medicine, physiology or 


pharmacology and have the ambitior to further your 
career in research. 
Remuneration and other benefits, including 
relocation expenses, are designed to attract 
candidates of high calibre. The post i3 based at our 
modern research establishment locazed in beautiful 
parkland in Cheshire. Residential, recreational and 
school facilities in the area are excellant 


Please reply, enclosing your curnculum vitae to:— 


J W Eardley, 


Mereside, 
Aldertey Park, 
Macclesfield, 





Cheshire SK10 4TG. 


Personnel Departmen-, 
ICI (Pharmaceuticals Division) Limited, 
















TOCHA) 









DIRECTOR 
CANCER RESEARCH GROUP 


The Unrversity of Western Ontario 
and the Nauonal Cancer Insitute of 
Canada invite applications for the post 
of Director of a cancer rescarch 
group. The present laboratones, which 
are fully equipped to undertake re- 
search on most problems in modern 
biology, occupy approximately 
10,000 sq fh and ers joined to the 
Health Sevonces Centre and the Uni- 
versuy Hosprtal Support for the 
research program and the salaries of 
sensor staff members m provided by 
the National Cancer Inatrtute of 
Canada It uw customary for senior 
xaf members (usually five) to hold 
academic appointments, to be ehgibls 
to accept graduate students and to 
accept a modest teaching loed The 
adiary will be dependent on experience 
and on berveb prevauling at the Unı- 
versity of Western Ontario The dead- 
line for recept of applicatvons á bb 
January Í, 1979 and the appointee 
could commence dutma as carly as 
Joly 1, 1979 Applecations and 
enquines should be addressed to 

Dr 0O. H Warwick 

Charman, Selection Committee 

c/o Office of Vece-President, 
Hoalth Sclences , 

Uniwersity of Western Onta 

London, Ontario, 

Canada NGA SCI. TOB4(A} 





CHANGE OF ADDR 


RESEARCH ASSISTANT or 
ASSOCIATE - 
in charge of 
COMPUTING FACILITIES 
at a Medical Research Council 
Unit, Cambridge 
The appointes will be required to 
Manage and develop a computer system 
(PDP 8, 11 and 12) used for storing 
and analysing behavioural data, and to 
design and build special research 
equipment 
Applicants with relevant electrical 
engineering or sloctronics qualifications 
and somo experience in one or more of 
these fields will be preferred, 
(1) interfacing mim computers pre- 
ferably PDP’s); 
(u) Using operating systems (preferably 
RT-11I); 
(11) computer maintenance 
Some programming ability (especially 
in assembler code) also an asset 
The appointment is on a Research 
Assistant (£2,956 to £5,058) or Re 
search Associate £4,365 to £5,730) 
scale, deponding on age and 
ence 
Applwants should wnte .to The 
Director, MRC Unt on the Devel- 
opment and Integration of Behaviour, 
Univermty Sub-Department of Animal 
Behaviour, Madingley, Cambridge CB3 
BAA 7108(A) 





UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF ZOOLOGY 


TECHNICIAN (ELECTRON 


MICROSCOPIST) 
To work in the ot Electron 
Microecopo Unit. te should 


have experience or interest in Electron 


trons and experi- 
ence in a range up to £3,720 per 
annum 

Application forms may be obtained 
from The Registrar, The Univernty, 
PO. Box 147, L | L69 3BX 
Quote Ref RV/925 7IOXA) 


UNIVERSITY OF 


SOUTHAMPTON 


Applications are invited for NRDC 
funded Postdoctoral Research Asist- 
antships in Organic Electrochemistry to 
develop commercially viable electro- 
chemical syntheses using novel con- 
cepts for the trappings of reaction 
intermediates. This project will cover 
both fundamental and applied aspects 
Applicants should have research expen- 
enco in either organic chemistry or 
electroc $ 

Salaries will be in the range £3,883 
to £4,882 per annum plus USS 
benefits 


Applications, giving a cumulum 


vitao and the names of two referees, 
should be sent to Dr J. M Mellor and 


TIIA) 
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SCIENTIFIC OFFICER/ 
HIGHER 


SCIENTIFIC OFFICER 
PHYSIOLOGY DEPARTMENT 


á pplications are invited from 
recant graduates or those holding surt- 
able qualifeations for the above pox 
The penon appointed will be required 
to bead a smali team studying the 
wigrmafiicance of various morphological 
and physwlogical attnbutes for the 
water economy of certal crops. The 
emvhasu in the research will be an 
experimentation in field plots sheltered 
from rain by mobile plot cowrs The 
work will require the determunation 
of ator use by the experimental crops 
anc studies of their stomatal behayour 
anc radiation belance. Applicants 
shculd have an interest and preferably 
expenmence in the physical aspects of 
wae.ar movement through the soi and 
Plant to the atmosphere They shouk 
haro a In or Upper 2nd Clas 
Honours Degree or equivalent m a 
biciogical subject 

“he appointment will be as Higher 
Schhnufic Officer (£4,101 pa to 
E5A48 pa) or Screntific Officer 
(£2,839 p.a to £4,415 p.a.) according 
to qualificatsons and experience At 
karn two years posigraduatc rescarch 
experience mm required for appointment 
as Higher Scooentific Officer Non- 
contributory penson scheme 

Surther parteculars may be obtained 
from the Establishments Officer, Plant 
Breeding Tastutute, Mars Lane, 
Trampngton, Cambndge CB2 ZLQ 
and applreatrons, with curmculum vilac 
and the names of three referers, 
should be sent to him by September 
29 1978. TORS(A) 
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International Pharmaceutical Company 


is looking for its R & D Division 


HEAD OF PLANNING 
AND REGULATORY AFFAIRS 


The successful applicant and his/her team will be called 
upon 


-~to study the regulatory requirements of the compounds 
under development; 


—to maintain and develop contacts with the regulatory 
agencies in important countries; 


——to identify areas where co-operation is required between 
these agencies and the company in terms of possible 
future regulatory requirements; 


—-to assist management in determining the R & D effort 
required for successful registrations; 


—-to agree the resulting planning schedules with the 
management; 


to follow up work and insure that forecasts are met; 


—-to insure the availability of the required registration 
material at the dates forecast in the planning schedules; 


—to assume responsibility for the format and presentation 
of the registration dossiers as required for various 
governments’ regulatory agencies. 


He/she will have: 
@ previous experience in this field, and/or 
@ a post graduate qualification (eg M-P.S. or Ph.D.) 


High salary will be offered to the successful candidate. 
Please reply to Box No. 7I18(A), 3 Dyers Building, 
Holborn ECI. TLIS(A) 








Scottish Institute of Agricultural Engineering 
SOILS SECTION 


SENIOR SCIENTIFIC OFFICER/PRINCIPAL 
SCIENTIFIC OFFICER (Ref. AG/18/A) 
(Re-Advertisement) 


Applications are invited for the post of Senior Scientific Officer/ 
Principal Scientific Officer to lead a team investigating the effects of 
agricultural machinery on the physical properties of fleld soils with par- 
ticular reference to cultivations, zero-tilage and compaction. 
QUALIFICATIONS: A first or upper secand-class Honours Degree, and 
preferably a higher Degree, or equivalent qualifications in a relevant 
branch of Science or Engineering. The applicant should have had con- 
siderable experience of research in soil physics or soil mechanics. 
SALARY SCALES: Appointment in the grade of Senior Scientific Officer 
(£5,154 to £6,898) or Principal Scientific Officer £6,609 to £8,461) accord 
ing to qualifications and experience. Non-contributery superannuation, 

Application forms and further information from:—- 

The Secretagy, Scottish Institute of Agricultural Engineering. 
Bush Estate, Peniculk, Midlothian EH26 OPH. 
FI2Z0CA) 


io whem applications should be submitted by October 6, 1978. 








THE HANNAH 
RESEARCH INSTITUTE 
HIGHER /SENIOR 
SCIENTIFIC OFFICER 


A vacancy exists for a Higher /Senior 
Scientific Officer in the Physiology De- 
partment, to join a feam engaged in 
studying the mechanism and contro} 
of milk secretion. 

Applicants should possess a First or 
Upper Second Class Honours Degree 
in a relevant discipline with, prefer- 
ably, a Ph.D. 

Salary will be in the range of 
£5,101 to £5,448 far H.S.O. and £4,154 
to £6,898 for 8.8.0. At least two years 
relevant postgraduate experience is 
required for appointment to HSO, 
and at least four years appointment 
to §.8.0. Non-contributary super- 
annuation scheme in operation, 

Further particulars may be obtained 
from: The Secretary, Fhe Hannah 
Research Institute, Avr KAS SHL, fo 
whom applications, which should in- 
clude a curriculum vitae, Hst of 
publications, and the names and 
addresses of three referees, should be 
sent by October 6, 1978. FA39( A} 


UNIVERSITY OF GLASGOW 


DEPARTMENTS OF SURGERY 
AND BIOCHEMISTRY 


Glasgow Royal Infirmary 
RESEARCH ASSISTANT 


Applications are invited for the post 
of RESEARCH ASSISTANT in an 
interdisciplinary group investigating 
the production of foetal antigens by 
human tumours. The post is suitable 
for a graduate in biochemistry of 
related subject. Experience in radio- 
immunoassay techniques would be an 
advantage. The successful candidate 
will work in the new Department of 
Biochemistry, Glasgow Royal Infirm- 
ary. The appointment is funded by the 
Cancer Research Campaign and is 
tenable for one year, The salary will 
be within the University Research 
Assistant scale {£3,660 to £4,130 per 
annum presently under revision), The 
appropriate superannuation scheme 
applies. Starting date by agreement. 

Further information can be obtained 
from Dr J. G. Ratcliffe, Department 
of Biochemistry, Royal Infirmary. 
Glasgow G4 OSF (Tel. 041 552 43535, 
extension 5275) to whom applications 
including curriculum vitae and the 
names of two referees shoukl be seni 
within 2 weeks of the appearance of 
this advertisement. 


In reply please quote Ref. No. 
4241M). JOTSCAS 


Please mention 


Nature 


when replying to 
these advertisements 





BEDFORD COLLEGE 
(University of London) 
DEPARTMENT OF GEOGRAPHY 
RESEARCH ASSISTANT 
Limestone Weathering 
in Urban Environments 
Applications are invited for 
RESEARCH ASSISTANTSHIP ta b 
funded by the Building Researe! 
Establishment (Garston) to initiate 
mainiy through literature and projec 
reviews, a study of the mechanisms o 
limestone weathering in urban environ 
ments, Applicants should proferably b 
qualified in one or more of the follow 
ing fields: chemistry, geochemistry 
environmental science, or physica 
venography; ability to read German am 
French an advantage. European trave 
possible. The appointment is initial) 
for 6 months, and may be extends 

for a further 6 months, 
Gross salary: £3,834 p.a. 
Applications to Professor R. L 
Cooke, Bedford College, Regent's 
Park, London NWI 4NS, by Octobe 
1978. TIiZ7(A) 





FRESHWATER 


BIOLOGICAL ASSOCIATIOD 
WINDERMERE LABORATORY 


ASSISTANT LIBRARIAN/ 
INFORMATION SCIENTIST 


Applications are invited fron 
graduates in information science, 90 
science graduates with a qualificano 
in Librarianship, for the above pos 
which is to strengthen the Association’ 
library and information services, Th 
post will be graded as Assistant Lit 
rarian (£3,113 te £4,879 per annum, 
and conditions of service will b 
generally similar to those of the Civi 
Service, Full details and apphicatio: 
form may be obtained from th 
Seerctary, Freshwater Biological Asso 
ciation, The Ferry House, Ambleside 
Cumbria LA22 @LP. Closing date 
Sepiember 30, 1978. FOZSCA) 





anapeana: 





UNIVERSITY OF 
MINNESOTA 
DEPARTMENT OF ASTRONOMY 
Applications are invited for a 
POSTDOCTORAL 
RESEARCH ASSOCIATE 
POSITION 
in the 
Department of Astronomy 
Candidates should be experienced i 
radio interferometry and prepared t 
conduct and collaborate in researc 
using the VLA radio telescope. Th 
appointee will be expected to establis 
an initial VLA map analysis syster 
and to participate in development plan 
for a permanent facility at the Un 
versity of Minnesota. The position j 
available for one year, beginning o 
January 2, 1979, The possibilty of a 

extension of the appointment for 
second year is under consideration. 
Candidates should send a letter € 
application, including a curricular 
vitae and bibliography, and the name 
of three references who have bee 
asked ta submit letters of recommend: 
tion to Dr W. B. Burton, Chatrmar 
Department of Astronomy, Universit 
of Minnesota, 116 Church St. SE 
Minneapolis, Minnesota 55455. Th 
deadline for receipt of applications 
October 31, i978. The University c 
Minnesota is an egual opportun 
educator and employer. TO96(A) 


The Advertisement offices for NATURE have moved to 
3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 





Nature Vol. 275 
ODD BALLS... 


-On our register we have unusual, 
indéed, inimitable electronic engineers 
applied scientists. Even WE have 
found the right socket for some of 


‘hem yet, 


: COULD YOU USE 


EDR X, THE SOID KID”, An 
@iteresting physics /electronics hybrid 
with a class A brain, yet there he is, 
deeves rolled up, building his own 
aboratory apparatus. Shades of Sir 
Suac himself? 

“OUR POTENTIAL DIFFER- 
INCE”, A distinctly different First 
‘Glamourous brunette, 34-24-36). Great 
Sotential in logic design or micro- 
Srocessor software, a slight analogue 






allergy and a most definite Ph.D. . 


vhobia, Try her field effect. 
‘JONESY, THE 
NUT" . For years he has worked with 
acientists translating their ideas into 
gost effective laboratory equipment 
ard systerns--now he's stuck on power 
supplies, Not the right environment 
Wor one who knows his true metier was 
aeaching, Research Technician? 
© “OUANTUM QUIXOTE", 
kor but not a quagk--used to the soft 
equilibrium of his electron cloud, nat 
that. he’s ready for a Quantum jump 
into hard 
Magnetrons, over to you! 


_ REASONABLY PRICED HARD. 
WARE OR SOFTWARE ENGIN- 


EERS—these are gold dust. However, 
ary our sophisticated electronic talent 
detectors, (Judy, Dawn and Ann) no 
‘panning techniques used here. 

For further details contact: 
CHARLES AIREY ASSOCIATES 
LIMITED 
155 Knightsbridge 
London SWI 
Of-S81 0286 
"Probably the best known supplier 
electronic engineers in the country? 
Be Financial Times. TOSHA) 












= ST GEORGE'S HOSPITAL 
© MEDICAL SCHOOL 
(University of London) 
POSTDOCTORAL 
RESEARCH ASSISTANT 


| (Biochemistry) 

-required for the last 18 months of a 
"MRC. project under Dr M. J 
Clemens (01-672 1255, Extension 4750) 
On. the nutritional regulation of pro- 











fein synthesis in cultured animal cells | 


and cell-free systems. Salary up to 
(£6,317 pa plus £450 pa London 
allowance. 

» Applications with names of two re- 
oferees to the Establishment Officer, St. 
-George's Hospital Medical School, 


Cranmer Terrace, London SW17 ORE. 
‘Closing date October 9. 


TLC A} 






For these who are seeking a change in 
thelr careers we now offer this new 
service... 


APPOINTMENTS WANTED 


will appear weekly; tha advertising 
charges me £1.50 or $3.00 per Hine 
. approximately seven words), Minimum 3 
lines. Box numbers are automatically 
Given without further charge, ali cor- 
raspendence to: NATURE CLASSIFIED 


London Office: 
3 DYERS BUILDINGS, 
LONDON, ECIN 2NR 
TAROT: ae -831 6901 


















Washington Office: 
l E -ayi NATIONAL PRESS QUILDING 

1 < WASHINGTON DC 20045 USA 
at S ‘ honk: (202) 737 2355 






14 September 1978 


WATERMILL { 


A doc ` 


Unecertainty~-Lasers or | 


NATIONAL COUNCIL 
FOR 
SCIENTIFIC RESEARCH 
Applications are invited for the 
following vacant posts in Building 

Research Unit: 
1. Soil Mechanics and 
Foundation Engineer 
Qualification: Degree in civil 


engineering and relevant experi- | 


ence. 


Duties: To undertake soil surveys | 
and site investigations with per- | 


cussion and rotary drilling rigs 
and laboratory testing of soils 
for foundation works, 

2. Materials Engineer/ 
Scientist 
Quahfications: 
teriais Engineering Science with 
a minimum of five years experi- 


ence in research and develop- | 


ment work. 

Duties: Successful candidate will 
be required to initiate and carry 
out research and development 
work on the utilisation of local 
raw materials in the production 
of soft boards or developmen! 
of alternative roofing materials 
for low cost housing, and to 
provide technical advise on the 


production and usage of buid- | 


ing materials. 

The above-mentioncd post are 
required to be filled immediately and 
not later than April 1979. 

Salary will be according to quali- 
fications and experience on the follow- 
ing scales: 

Senior Principal Profesional) Officer: 
<7. 812 by 204 to K&.016 by 216 to 
O- KS,232; 
Principal Professional Officer: 
K6,756 by 216 to K6.972 by 288 to 
K7.200 by 204 to K7.408; 
Senior Professional Officer: 

K5,424 by 288 to K5.712 by 300 to 

K6,012 by 312 to K6.324. 

Applications giving full personal 
details, qualifications and experience 
and names and addresses of three ref- 
erges should be submitted to: 

The Secretary General, 

National Counci! 

for Scientific Research, 
P.O. Box CH 158, 
Lusaka, 


Zambia. FO9S(A) 





UNIVERSITY COLLEGE 
OF NORTH WALES 
Bangor 
Applications are invited for the post of 
LECTURER | 
IN MARINE CHEMISTRY 

Applicants 
Honours Degree and experience and/or 
interests in inorganic solution of 
chemistry. Previous experience in the 
chemistry of sea water and/or natural 
waters would be an advantage, 


The successful applicant will be 
expected to contribute to teaching 


undergraduate and postgraduate related | 
courses, and to undertake research in | 


the field of marine chemistry. 
The appointment, 


thereafter, will be to the lower portion 


of the scale £3,883 to £7,754 per | 


annum. 
Applications {two copies), giving 
details of qualifications and experience, 


together with the names and addresses | 


of three referees, should be sent to the 
Assistant Registrar (Personnel), Uni- 
versiy College of North Wales, Bangor, 
Gwynedd LLS? 2DG, from whom 
further particulars may be obtained. 
Closing date for Spano Cea 
2, 1978. 33(A} 


Degree in Ma- | 


| ESSEN. TAL: An Honours University Degree or: E 


shouid have a good | 


commencing on | 
October 1, 1978, or as soon as possible | 









AN FORAS TALL 


requires am 










to sindertake jcaki on the P ae of int 
dairy farming systems with particular emphasis or =: 
land production and utilisation. a 


alent in A ricultusal Science. 






Officer eel donde on “quelifications ¢ a experi 
Marriage and children’s allowances, Non-contribi i 
Pension Scheme and provision for widow’s and orphat 
pensions. 












Application forms and further particulars available from: 
the Personnel Department, (qucte ref: Mor), An Foras 
Taluntais Headquarters, 19 Sandymount Avenue, D Dublin 4. 
(Phone: 688188). Latest date for receipt of completed 
forms, Monday October 13, 1973. TOTOCAD 


AGRICULTURAL RESEARCH COUNCIL 


Plant Physiologist 


Applications are invited from Plant Physiologists 3 
would like to join a small team of senior scientists ` 
advise the Secretary of the Council on the scien 
aspects of research administration. 


The post is graded Senior Principal Scientific Officer < 
with a salary scale of £10,043-£11,300 plus £465 for — 
working in Central London. Superannuation is under 
a non-contributory scheme aralogous to that of the 
Civil Service. 


Applications from candidates with a good honours 
degree or equivalent qualification and a successful 
record of research should be ky letter accompanied by 
a full curriculum vitae and the names of two referees. 


Further particulars from Miss M. J. Gard, 
Priam Agricultural Research Council, 
nr 160 Great Portland Street, 
ARC London WIN 6DT. 
` Closing date: 20 Gctober 1978. 





nawa 
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APPOINTMENTS VACANT 





M.R.C. CLINICAL RESEARCH CENTRE 
(Northwick Park Hospital) 


WATFORD ROAD, HARROW, MIDDLESEX HAI JUJ 
POST DOCTORAL CELL BIOLOGIST 
required to work with Dr R. T. Dean on membrane function in cystic 
Rbrosis cells with particular reference to enzyme secretion and intra- 
cellular Ivsosemal events. The werk will be carried out under a grant 
awarded lor three years by the Cystic Fibrosis Research Trust. The 


appointment will therefore be 
from £4,185 plus £450 a year 


for three 
Landon allowance. 


years on a salary scale starting 


Application form and further details obtainable from Mrs J. Tucker- 
Bull, O1-S64 S31f, extension 2684, 
Clesing date October 7. OFK. Please quote Ref. 104/1/GH. 7LOTCA) 








FELLOWSHIPS 





SENIOR VISITING 
FELLOWSHIP PROGRAM 
Centre for 
Interdisciplinary Studies 
in Chemical Physics 

The University ` 
of Western Ontario 
London, Ontaria, 
Canada NGA 3K? 
The Centre for Chemical Phystes at 
Fhe University of Western Onturis 
invies applications for its Serior Wisi- 


chee 
inig Program from estate 


Fellowship 
lished scicntimis working in areas thal 


bridge two or more of the disciplines 
af applied mathematics, physics, 
QR THAifY.  ongincering, botany, Pio 


piysies. auclear medicine and radiation 
angolowy. The Fellowships are tenable 
for a period of up to 12 manths, ane 


provide funds for travel, partial ar 
Jampie Hving suppers oat U W.O.. 
and some teavarch support. During the 
tenure of their Fellowships, visitors 
wil be expected to work in canjune- 


tion with Centre members. 
Interested Persons are asked to write 
tot 
B/G The Chairman, Visiting 
EHEHE Felfows Coninitice, 
E RRACA J j] j e for 
i Ist erdisciplinary 
Studies in Chemical 





Physics, 
The Universiyv of 
q Western Ontario, 
| Landon, Ontario, 
Canada NGA 3K7 


for appheation forms and additional 
information Applications for 16707 
must be received no later thas 
December 78, 1978, TOR ECE 


IWAN els meee AATA VEAN Lre enn Lm 48 o A 
irene nnn Hi ed re cn ndai 


TWO POSTDOCTORAL 
> FELLOWSHIPS IN THE 
FARTH AND PLANETARY 
SCIENCES 


The Lamont-Doherty Geological 
Observatary: of Columbia University 


invites scientists interested in any field 
of the earth and planctury sciences to 
apply for the following Fellowships. 
Two Postdoctoral Fellowships, each 
awarded for a period of one year 
(extenduble fo two years in special 
instances} beginning in September, 
1979, with a stipend of $16,500 per 
annum. Completed applications are to 
be returned by January 15. 1979. 
Application forms may he obtained by 















writing to the Director, Lamont- 
oherty Geological Observatory, 
Palisades, New York, USA 10964. 


Award announcements wilh he made 
February 28, 1079, AGTHE 





Southampton 
THE 
UNIVERSITY 


HARTLEY FELLOWSHIPS 
Applications are invited for threo 
Fellowships normally {unable from 
October i, 1979, for up to two 
years research, in any field for 
which facilities are available within 
the Faculties of Acts, Science, 
bagincering and Applied Sectence, 
Social Sciences, Law. Education, 
Medicine aril Mathematical 
Siudies. 

Fetiows 
appormted 
promise 
dence of 
search, and 
yari postdoctoral 
wquivalent research 

Salary will Be 
and experienc: 
nationally agreed 
search stall in universes. 
vision for travel or removal 
PENSUS, 

The closing date for applicacians 
for the [979 conipetition is. 
Navember 1, 1978. 

Details and application 
from Mr E. D. Gordon., The 
versity, Southampton 509 

Please quote ref. MA/1I/Na. 

TOTES 


he 
high 
gyi- 
ree 
Hee 
ar 


normally 

persons of 

records show 
eaupacity for origimal 
whe Have up to 
experince 
record, 
related 
and be 
ranges 


will 
from 
whose 


0 ake 
wit hari 
for re- 

(No pro- 

ëR- 


formis 
Linie - 
SNH. 





OF WALES 
Welsh Plant Breeding Station 


Applications are iivided for a 


RESEARCH FELLOWSHIP 
i. 978 ta 


muliifine varieties 
barley 


ecanrmencing November 
use of 
the 


the 
bese 


wark oO 
harley 
nildew. 


ot cone) of 


funded by 
Ceresis Authority. 
years, and will 
£3,254 to 


lowship which is 
Grown 
given for three 
allowance 


annum., 


The fel 
Home 


ihe 
i he 


sy GLE 
carry 
£3,527 


an ast 


per 
Applicants should have postgraduat, 

experience in plant pathology. prs- 

ferably in epidemiology. 

with 


Applicallns rogether 


curriculum vitae and the names of 
three referecs should be sont fo a 
Seeretary, Welsh Piarit Breeding 


Plas Gogerddan, Kir sa ay 
Ovtoeber 2. 


detalis 


Station, 
Pry fad. 
Tram 


abir 


by Monday, 
whom further 
on reducsl, 


are 


: 
| 
| 
| 
| 
| 
| 
| 
UNIVERSITY COLLEGE 
| 
| 
| 
| 
| 
| TOBA E 


{O78. 
avai 


mpana eirama a r irha a 





IMPERIAL CANCER 
RESEARCH FUND 


RESEARCH FELLOWSHIF 


A Postdoctoral Fellow required 
as soon as possible for an appoint- 
ment of two vears with possible 
extension to three years. The work 
will be on the mechanisms by 
which host cells confrol fhe 
ex pression af rumour- inducing 
viruses, Preference will be given 
to candidates familiar with nucleic 
acid hybridisation and allied 
techniques. 


Salary with entry according (o 
qualifications and experience with- 


in range £4,815 to £6,180 incl, 


curriculum 
two referees, 
the Secretary, 
Fund, 
London 
27. 1978, 


with 
of 

fe 
Research 
Fields, 


Applications 
vitae and names 
should be sent 
Imperial Cancer 
Lincoln's fon 
WC2A 3PX by October 
quoting reference 263/78 


TOSHE) 


SOUTHAMPTON 
DEPARTMENT OF 
OCEANOGRAPHY 

Applications are inviicd fora 

POSTDOCTORAL 

FELLOWSHIP 


to work on plankton photosyathesis in 


| 
| 
i 
i 
| 
| 
i 
UNIVERSITY OF 
f 


an getuary. The successful apphearm 
will be expected to undertake field and 
theoretic studies to develop a mode! 
for photosynthesis for the Medway 
Estuary. The work will be undertaken 
in confunerion with the Water Re- 
search Centre. The fellowship will be 
reenable from October i, [978 to 
December Jt, 1979, 

Applications, giving the names of 


two referecs. should be sent as soon as 
possible te Dr P. J. Wiliams, Depari- 
ment of Oceanography, The University, 
Highfield, Southampton SO9 SNH, from 


whom further particulars may be 
obtained, 
Salary range: £3,883 mo f QSO per 
annum plus U.S.S, benefis. 
Please quote ref. MAI/2/Na 
TORSE) 


mamn anann anaana aama N A aama na A AAA e ea a L aia 


THE UNIVERSITY 
OF SHEFFIELD 
POSTGRADUATE SCHOOL 
OF LIBRARIANSHIP AND 
INFORMATION SCIENCE 
JUNIOR 
RESEARCH FELLOWSHIP 
Applications for the above post are 
invited from mep and women graduates 


with wood honotrs degrees interested 
in undertaking research in fibrarian- 
ship or information science. The 
Fellow will be required to undertake 
livht teaching duties. and to under- 
take research (towards a Ph. degree). 
The School's research interests 
wide. l 


Tenable annually for 3 years, initial 
salary in range £3,189 to £3,895 a year. 


Particulars from the Registrar and 
Secretary. The University, Sheffieid 
sio 2TN, to whem applications {5 
copies) should be sent by Octoher 9, 
1978, Informal enauirles fa Professor 
M. E Lynch, PGS LES. Quote Ref, 


RI97/G. TIEG 


are 
| 
i 
| 
| 
| 
| 


3 DYERS BUILDINGS, LONDON, | E C N <: 
TELEPHONE : 01 831-6901 


STUDENTSHIPS 





UNIVERSITY OF WARWIC}] 
RESEARCH STUDENTSHIP 
IN BIOCHEMISTRY 


Applications are invited for a thre 


year research studentship in th 
Department of Chemistry and Moh 
cular Sciences, sponsored by tb 
Science Research Council under th 
CASE. scherne. The project, wit 


Dr B. E, P. Swoboda will involve 
study of the mechanisms of action t 
eytosine arabinoside, currently used j 
cancer chemotherapy including th 
effects of the drug on DNA synthesi 
Candidates rust possess either a fir 
class er an upper second class degre 
in Biochemistry or a related subijec 
Applications (two copies) giving qual 


fications and experience and namin 
two referees shoukl be sent to th 
Academic Registrar, Universtiy ¢ 


Warwick, Coventry CV4 TAL. as sco 
as possible, quoting Ref. No. POi/S/7% 
FORLA) 





SCHOLARSHIPS 





THE ROYAL SOCIETY 
GOVERNMENT GRANT 
FOR SCIENTIFIC 
INVESTIGATIONS 


Applications for grants from th 
third allotment of the Governmer 


Grant for Scientific Investigations fe 
the year T978 should be made not late 
than November 15, 1978 on forms ¢ 
application to be obtained from th 
Executive Secretary of the Royi 
Society, 6 Cartan House Terracs 
London SWILY SAG. 

Applicants musi be British subject 
domiciled in the Unhed Ringdorr 
Grants made be made to promote an 
support research in science and f 
assist selentific expeditions and go 
lectiens: but not for personal mair 
tenance, payment of stipends or to ai 
scientific publications. 71t6CH) 


THE ROYAL SOCIETY 
SCIENTIFIC PUBLICATION; 
GRANT 
Applications for grants from tk 
second allotment of the Scientific Pul 
lications Grant for {1978 should F 
made not later than November R. 197 
en forms obtainable from the Exec 
tive Secretary, The Royal Society, 
Carlton House Terrace, London SWI 
SAG. The grant is for the assistarns 
of scientific publications in the Unite 
Kingdom, particularly, but not exe 
sively, those of scientific societies an 
institutions, 
Applications are 
fram societies and 
United Kingdom 
British nationality. 


receivable on! 
institutions in tk 
and individuals «t 


i130 


Je ne sani maaa iaaanaaA T A 


BOOKS FOR SALE 





BIOLOGICAL ABSTRACTS, Ve 
41.46 (1947-65) complete. L40004 
from Weston'’s, Six B. Dene Roa 


England, Te 


Northwood, Middlesex. 
TO68CL.) 


Northwood (09274) 24789. 

















HIGHEST STANDARD OF QUALITY IN BIOLOGICAL 
REAGENTS FOR THE STUDY OF NUCLEIC ACIDS, 
SYNTHESIS AND PROCESSING. 


AANI tant AUA aan en A a aa LM meaa AAA AY Ry nt NPA BE BPAY ALEUTIAN A ALAMO AAU AA AOA LOCO AAT 


FIBONUCLEASE PHY | ica: No ERN-PHY: 
(Biana r trom Physaram Polyceaphahucn 
ig povai engyme preferentially digesis G, A and Useguiues 
ewig discrimination between T and Ui is ANA sequencing 
by thet ¢ get method. 


Free from other Asbonuciase 
and Phosphatase achvities 


o atunaren ANANA A AEA Ht AA aa amaaa ht EER WN REAR YAIRI ALARA AA AA AA NER aaa anamannan 


l T4 POLYNUCLEOTIDE KINASE iCat No. EPN-4) 
iRNaseirei} 

Properad tram T4-infeciad RNase PE. col, specidically labets 
5-08 tarmini of RNA and ONA chains. Witty thik produst, 
kinase labelling of smali quantities of large RMAs tor 
sequencing is possible for the fret tree. 


78.00/100 unis 
375. 20500 units 


T4 ANA LIGASE ica: No. ERLA) 

fitase and ONase treg} 

The angina is capable of adding single residues {inm the 

farm of phipi ta T termini of the RNA chains, atlawing 
secuenne anatyals by the gel method Ligase Prova RNase VE 
ood alice aopicalan ef this anpriach to a variety of 

- Buga FINA S species. 





BIY 100 unis 
238 C8) units 


Specific Activity 2000 units/mg 
Campiatety Pree of 

Hase and DNase 

Attias. 





 YERMINAL TRANSFERASE (Cat. No ETT-C) 
{from call thymus} 
Suitabhs for addition of polydeoxy-nucigeticins to an 


$8.482/ 500 units 
495.00) HED units 


Speacific activity 
$69.00) units/mg 
Cayapletety free of 
apprionate primar, of a single addition of a nuacwotice af DNase activity 
T red to create products suitable far DNA sequencing 

inrocesdure tor a single auclentide addition is privided 

by nequest). 


ALKALINE PHOSPHATASE ‘Cai No. EAP-t 
jfrom E col: BL 18 RNase T) 

Thin graparstian is free af any detectable 

RNase or DNase activities 


AS TO HOG urita 
$25 OY 2S units 


Specie activity 
MP THis sing. 


DNA POLYMERASE | (Cat. ne. EDP-1) 
iRernberg polymerase} 
From E. cali BL 15, 

for anniylions and preparative purposes 
Bullebin for nick transtation of GNA in vitres. 


Specific antivity 156.00/ 250 unita 
TSO unita mg 375 00/500 units 
Fane of DNase and Exonuciease Hi. 





emt ib Nseries a aranana int sna maaana AHA I RRL PAI I 


ASE Hi Gat. No. EEX SGI units 


85 ORR urita 


rres pf anifonucivase i or H. 
Mat tess than 350G unites. 
goutte -siranded GHA from Sart 

andeat DMA. 


Heb eterna aie pin anana a aain intent entree bol bo tty aannam a aH ihn tds paanan 
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First things first in the Third World 


AS THE national papers pile up in the headquarters of the 
United Nations Conference on Science and Technology for 
Development due now in less than a year’s time, the 
pace of international meetings preparatory to the con- 
ference. also. ‘grows. One of the most interesting, because 
of its. wide ranging geographical representation, particularly 
of socialist countries, has been that organised by the World 
Federation of Scientific Workers in conjunction with the 


Union of Algerian Engineers and held in Algiers last week. 


The. gathering, the responsibility of Professor J. M. Legay, 
showed rather clearly both the strengths and weaknesses of 
calling an international meeting to discuss a subject so large 
and so open to wide differences in interpretation. 

Let us dispose of the weaknesses rapidly in order to con- 
centrate on the strengths. The contribution to the con- 
ference by members of developed socialist countries was 
largely disappointing. Many from other parts of the 
world must have looked forward to discussion of socialist 
policies on development; they were given only vague 
theorising and totally uncritical self-advertisement in papers 
of almost uniform tedium. Example “The mission of 
structuring the overall problematique of social development 
into development complexes is to facilitate decisions in 
situations when concrete variants of sectoral development 
have to be derived from strategic goals or generally 
formulated concepts”. 

If there is one message that ought to get back to the 
governments of socialist countries—and indeed of many 
capitalist ones too—it is that the preparations for UNCSTD 
are making many scientists and technologists of the 
developing world much more critical of the statements of 
developed nations, and meaningless, self-satisfied or jargon- 
ridden papers will cut little ice. 

That said, it is pleasing to be able to report that con- 
tributors from developing. countries, and a few non- 
socialist countries, did have some significant and 
provocative things to present. It was clearly a hope of the 
organisers that the meeting would shed some light on 
scientists’ responsibilities in the establishment of the New 
International Economic Order, that concept which also 
emerged from Algeria just five years ago and which is 
espoused with enthusiasm throughout much of the Third 
World as a way, inter alia, of obtaining control over 
natural resources and exerting more influence on the 
global monetary system. This new order is, however, not 
mentioned much in the capitalist world: as Professor 
E. H. S. Burhop, president of the Federation, put it, “the 






overwhelming majority . . . in the industrialised capital 
countries... have never heard cf the new order and 
quite unprepared for the vast economic changes in their 
own countries it implies”. The coatributions that made the “3 
most impact, however, were not those that concentrated | 
on praising the new order, or for that matter reviling the 
multinational corporations. Most efective were Ae papers 
that took a hard look at real problems ° IB 
world, admitted mistakes rather than t ied to dole ou eo 
blame, and made positive proposals for the alleviation of : 
difficulties. ee 

Two issues of importance seemed to emerge. The. first. 
was the very serious problem of effective use of intelle : : 
resources in the developing world. Higher education in the 
Third World is easily seen as..a status symbol, by govern- > 
ments and people alike. The mere universities, the more = 
PhDs, the closer the resemblance to western seats of 
learning, the better. But the further this path is trodden, — 
the less it seems that trained scientists and techno 
have an understanding of what people’ s needs. are, < 
of course, is not a phenomenon exclusive to the develc 
world, but whereas in the develeped world we may ha 
the luxury of debate as to how “relevant” univers 
education need be, such a discussion in the developing. 
world must surely be subservien: to very visible national 
needs. And yet India, with more than a million technical oe 
qualified people, hardly seems to have harnessed this 
resource at all, and, in the words of a Pakistani participant, 
the role of science in the development of his country “has 
not been very significant”. 

There are many factors that heve apparently contributed 
to a detachment of education from urgent n national needs 
in many developing countries. The siren-call of developed- 
world science diverts too many into vain attempts at 
imitation. Poor experimental facilities drive many a good 
scientist into rather sterile theory. Service to the community 
through the provision of better water supplies or more 
efficient energy use is not seem to be very prestigious. 
There is a pressing need for those concerned with national 
science and educational policies to recognise that higher . 
education and scientific research establishments can best — 
serve development not by mimicry of the developed world 
but by a long cool consideration of local, often rural 
conditions where the potential for science-based improve- 
ments is still enormous. | 

The second issue of importance to come from the con 
ference was that development which simply results in more 
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jobless cannot be acceptable. Higher productivity can well 
lead to unemployment, so it is most important that the aim, 
particularly within the rural sector, should not be for a 
mighty technological revolution which releases vast num- 
bers of agricultural workers to flock to cities incapable of 
receiving them. The abundant manpower resources of 
many developing countries have to be handled with the 
greatest of care. One Bangladeshi contribution put this very 
succintly: “in most cases our object is to upgrade simple 
rural technology to a slightly higher level of sophistication 
which improves the quality of life for the workers and 
creates more job opportunities.” The emphasis, then, is 
on modest aims and on evolutionary development. In a 
notably thoughtful contribution, Dr H. Harada, Deputy 
Assistant Director-General for Science at Unesco, drew 
attention to the need to accept a slow and deliberate pace, 
in which a nation is at pains to develop science ahead of 
technology. 

So what comes from such a conference? A final docu- 
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ment, necessarily general, of course. But maybe the germs 
of something more substantial. Numerous participants, 
while recognising that no New International Economic 
Order will come about without a correspondingly new 
national order, note nonetheless that there is enormous 
scope for international research centres to cope with de- 
veloping world problems. Few of these problems respect 
national frontiers, nor are they such that questions of 
commercial secrecy should be involved. If there can be 
an International Centre for Theoretical Physics, specifically 
aimed to assist developing countries, is there not some 
sense in international, maybe regional centres on other 
scientific matters perhaps of a more immediate concern to 
development? A few exist already, of course, notably 
through the Canadian initiative of the International De- 
velopment Research Centre, but there was little doubt in 
people’s minds at Algiers that there was scope for more. 
As David Dickson reports on the following page this moo 
now seems widespread. Ea 


Multinationals and development 





Multinational corporations often come under criticism for 
their involvement in the developing world. But, argues Lewis 
Branscomb, Vice President and Chief Scientist of IBM, 
multinationals make major contributions to indigenous 
deveiopment. 





THe United Nations Conference on Science and Technology 
for Development (UNCSTD) will look at the urgent need 
for indigenous capabilities in both developed and developing 
nations to mobilise science and technology in the cause of 
human problems. Poorer nations are understandably 
impatient with the slow and expensive process of institution 
building out of which emerged the education, research and 
industrial enterprises of the industrial democracies. But 
without the capacity to absorb, adapt and exploit technical 
knowledge, no amount of documented knowledge, patent 
licences or computer access will produce the economic 
resuits that are needed. How can this capacity be built? 

National assistance agencies, international banks and 
private foundations can do a lot more than they have. 
Technical assistance programmes should be separated from 
security and capital assistance. Every prosperous nation has 
to find its own way to focus the energies of its universities 
and private sector establishments on institution building in 
cooperation with less developed countries. President Carter 
has made a farsighted proposal in his speech in Venezuela, 
proposing a government-sponsored foundation for technical 
cooperation to deal with this long-term need of the develop- 
ing world. 

Technical cooperation in education and research can look 
after many basic human needs, but industrial capability is 
only built up very slowly in this way. What is a more direct 
route? The fastest way to transfer technical capability from 
one nation to another is by exchange of the people with 
skills and experience, tools and procedures, and (when 
required) their financial resources and foreign market 
access. American industrial technology was built by direct 
foreign investment by European firms in Victorian times. 
Research was little known in 19th century American 
universities; the nation’s industry was craft-oriented. Most 
of the population was in agriculture, which based its 
productivity more on the expanse of unexploited fertile land 
than on the cropping technology of Europe. 

Why then are today’s industrial enterprises which are 
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engaged in technologically-sophisticated operations in many 
countries (the “‘multinationals”) so often regarded as part 
of the problem, when in fact they are a part of the solution? 

When a responsible, modern multinational starts a 
business operation in a host developing country, it contri- 
butes to indigenous technical and managerial development 
in many ways. For example: 

@ By hiring and training host-country nationals for all 
levels of employment in the national subsidiary. Education 
and experience in industrial operations is gained in the 
community and is made successful under local conditions. 
@® Through technical cooperation of the multinational’s 
local manufacturing plants with its plants and laboratories 
in other nations, a broad base of technical support is 
available in the event of technical difficulties. 

@ By obtaining materials, parts and assembly from local 
suppliers (IBM has 80,000 such vendors worldwide), a 
great deal of technological knowledge and experience is 
transferred, as the local company of the multinational 
works with each vendor to assure quality control of the 
product. 

® As local skills develop and local markets justify expanded 
investment, more complex products can be undertaken by 
national subsidiaries and access to international markets 
expanded. In this way multinationals make important 
contributions to the balance of trade in many developing 
countries. 

® Many products, such as communications equipment, 
trucks, machine tools and computers, not only contribute to 
national wealth directly but have large secondary benefits 
because their use in other sectors can increase productivity 
in the economy as a whole. 

Sovereign nations must certainly look after the interests 
of their citizens by determining the rules regarding invest- 
ments of skills and money within their borders. It is 
important that the leaders of those countries avail them- 
selves of technical advice from those with industrial experi- 
ence, to ensure that policies driven by economic objectives 
take into account technological realities. Transferring 
technology, even within the component parts of a single 
American or European enterprise, is not easy and requires 
time, training and extra expense. But above all it calls for a 
cooperative attitude by all the participants. 

Let us hope that this is the outcome of the 1979 
conference. | m 
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The United Nations conference 
on Technical Cooperation 
between Developing Countries, 
which ended in Buenos Aires 
(right) last week, was a great 
success for third world coun- 
tries, writes David Dickson 


Developing countries to boost joint researc 


OINT research projects between two 
or more developing countries are to 
receive greater emphasis, according to 
an ambitious ‘plan of action’ adopted 
last week by 138 member countries of 
the United Nations Development Pro- 
gramme. The plan was the main result 
of the conference on technical co- 
operation between developing countries 
(TCDC) which ended last week in 
Buenos Aires, Argentina. 

The plan of action is based largely 
on suggestions made to the conference 
by the so-called ‘Group of 77’ — com- 
prised now of 114 developing nations. 
The plan suggested that developing 
countries should “encourage existing 
national research and training centres 
to broaden their scope of activities to 
include programmes and projects which 
are of interest to several countries at 
a sub-regional, regional, and inter- 
regional level”. 

The conference also accepted a re- 
solution submitted by Jamaica on 
behalf of the Group of 77 urging all 
developing countries to cooperate in 
strengthening existing research and 
training centres, with the intention of 
giving them “a multinational scope in 
the framework of TCDC” and where 
necessary establishing new institutions 
to achieve these ends. 

And in order to prevent the plan of 
action being shelved as a well-meaning 
but ineffective document, the confer- 
ence included in its recommendations 
specific directions for the way in which 
TCDC is to be encouraged and pro- 
pagated, both within and outside the 
UN system. 

Thus while rejecting as unnecessarily 
bureaucratic the idea of a new UN 
body with specific responsibilities for 
TCDC issues, the plan of action directs 
the UNDP to organise regular meet- 
ings—initially annual, subsequently 
biannual—or the planning ministers of 
member states to discuss progress 
towards TCDC goals. 

Significantly the plan indicates that 
funds currently allocated by UNDP 
for regional use should now be devoted 
“to the maximum extent possible” to 
TCDC projects. Funds allocated to 
inter-regional or global projects could 
be used for TCDC projects proposed 
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by two or more countries from different 
regions. 

The significance of these decisions is 
that. while using international funds, 
the developing countries will be able to 
exert greater control over the way that 
money for technical projects is spent 
rather than the major impetus for the 
use of such funds coming from the 
developed countries. 

Many delegates to the conference 
felt that the agreement on a regular 
meeting of planning ministers and the 
shift in the balance of control over 
technical projects had resulted in 
greater success for the conference than 
had previously been expected. 

“The consensus that the conference 
was able to achieve on the plan of 
action represents a major victory for 
the developing countries’, said Mr 
Abdel Razzak Meguid, Minister of 
Planning for Egypt and chairman of 
the main committee of the conference 
secretariat, in protest at the weakness 
of proposals put forward in an earlier 
draft of the plan. 

“We have succeeded in making it 
acceptable to the North that it is in 
their interests to strengthen the 
‘horizontal’ links between developing 
nations. That bridge is now not only 
accepted as a hope, but as a necessity 
if the world community is to survive”. 

However, few speakers at the con- 
ference pretended that TCDC was a 
new strategy. Background papers pre- 
pared for the conference, for example, 
described the complex network of over- 
land trade routes that had existed 
between different countries in Africa 
before the arrival of European traders 
and colonialists. 

Furthermore there has in recent 
years been a steady growth in joint 
research projects between various de- 
veloping countries. The University of 
Chile, for example, is now co-ordinat- 
ing a Latin American scheme for co- 
operation in postgraduate teaching and 
research in the biological sciences, 
which has already set up studies in 
areas such as the spread of plant viruses 
and the biological effects of working at 
high altitudes (such as in the mines of 
Peru). 

What many delegates felt was new, 
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however, was the emphasis that the 
conference was able to place on the 
concept of TCDC not merely as defined 
by a limited set of bilateral or multi- 
lateral agreements, but as a basic 
strategy for achieving the goals of what 
has come to be known as the ‘new 
economic order’ anc the joint attempts 
of developing countries to counter the 
economic dominanc2 of the developing 
world. 

Thus initially the conference had 
been conceived in relatively narrow 
terms as dealing primarily with issues 
relating to technolegical co-operation, 
partly at the instigation of the more 
advanced of the developing nations, 
many of whom—such as the host 
country Argentina—are looking for 
new outlets for their goods and tech- 
nical services. 

However, during the evolution of the 
conference, the comcept of TCDC has 
gradually become much broader, cover- 
ing radical approaches to education and 
research, through to strengthening 
transportation, communication and in- 
formation links among developing 
countries, 

“Since agreeing in principle on the 
need for a “new 2conomic order” in 
1974 the United Nations has not done 
a single thing to translate a programme 
of action into an aczionable programme. 
But I think that this conference has 
laid the framework for such an action- 
able programme” Mr Meguid said 
after the plan hai been accepted by 
the conference. 

Other delegates were similarly con- 
fident that the plan, which will now 
be placed before the General Assembly 
of the United Nations, provides a firm 
basis for a substaatial shift in control 
over the content of development pro- 
grammes from the developed to the 
developing nations, and that the regular 
meeting of plarning ministers will 
provide considerable support for this 
trend. 

As far as scientific research 1s COD- 
cerned, the conference did not consider 
in detail any part-cular programmes or 
list of priorities, and many of the 
participants from specialised UN 
agencies such as the World Health 
Organisation and the Food and Agri- 
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cultural Organisation had to remain 
primarily as observers—much to the 
frustration of some who claimed con- 


siderable practical experience in the 
issues under discussion. 


However, the plan of action makes — 
a number of suggestions about how 


research should be conceived within the 
TCDC framework. For example, it 
speaks of the need for developing 
countries to combine research efforts 


and share results “both with one 
another and with other developing 
countries by means of agreements on 
scientific and technological co-opera- 
tion, strengthening national design, 
national laboratories, research centres 
and scientific and other institutions”. 
Putting flesh on these ideals will be 


one of the main objectives of next 
year’s United Nations Conference on 


Science and Technology for Develop- 
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ment, which will take place in Vienna. 
But many delegates left Buenos Aires 
with the feeling that despite internal 
differences, the developing countries 


have found in the issue of technical 


co-operation a way in which they can 
work together in presenting concrete 
demands to the developed world, and 
that this in itself was a major step in 
bringing the new economic order closer 
to reality. Cj 


US geneticists look to Europe for research facilities 


RESEARCHERS at Genentech Inc, San 
Francisco, claimed at a Munich con- 
ference last week that they have in- 
duced bacteria to synthesise the two 
separate amino acid chains of human 
insulin—and to have combined these 
chains to make minute quantities of 
` the hormone. Last year, the same team 
used a similar technique to induce bac- 

teria to produce the hormone, soma- 
~ tostatin, and earlier this year, another 
team led by Walter Gilbert of Harvard 
University announced that they had 
persuaded bacteria to produce rat pro- 
insulin attached to the bacterial ensyme 
- penicillinase. 

Synthesis of the artificial insulin 
gene used by Genentech began at City 
of Hope Medical Centre, California 
late last year. Researchers there 
synthesised artificial genes consisting 
of the DNA sequence corresponding 
to the amino acid sequence of the A 
and B strands of human insulin. Six 
months later, they turned the synthetic 
genes over to David Goeddel and 


Dennis Kleid, biochemists at 
Genentech. 
Goeddel and Kleid inserted the 


synthetic genes for the two strands of 
insulin into plasmids which were then 
introduced separately into Escherichia 
coli. The bacteria replicated and ex- 
pressed the genes as the A and B ami- 
no acid chains. These were then mixed 
to produce a fraction of a milligram of 
insulin which, it is claimed, is similar 
to human insulin. 

Biological tests for the activity of 
insulin, however, have yet to be done. 
Even though chemical tests and radio- 
immunoassay have indicated the pres- 
ence of the molecule, some researchers 
question the claim that the insulin 
produced is the chemical equivalent of 
human insulin. This is because radio- 
immunoassay cannot distinguish be- 
tween different insulin varieties. Also, 
the B-peptide chains produced during 
the recent work are impure, and some 
researchers feel that the amino acid 
analyses conducted so far may be in- 
sufficient to establish the presence of 
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the desired sequence. 

The development of a new source of 
insulin for the treatment of diabetes 
has great practical importance. About 
5% of diabetics are allergic to the 
animal insulin now used, and each 
patient requires 10 bovine pancreases 
per year at a cost of more than $100. 
Bacterially produced insulin should 
eliminate allergic reactions and may 
be cheaper and easier to supply than 
animal insulin. Before the newly pro- 
duced insulin could be marketed, how- 
ever, it would have to undergo exten- 
sive animal and human tests which 
could take two to five years, though 
Genentech president Robert Swanson 
foresees no real difficulties in scaling 
up the procedure and passing the tests. 

Such rapid success in developing a 
practical application of a technique 
raises a host of questions. The tech- 
nique was discovered so recently that 
the original patent application has not 
yet been processed, and neither have 
revised safety regulations been im- 
plemented. Already the race for other 
commercial applications is hotly con- 
tested. New patents have been applied 
for, the breadth of the original patent 
remains unclear, and several leading 
American researchers are reportedly 
setting up shop in Europe to escape 
regulatory delays. 

The original research leading to the 
procedure used in synthesising artificial 
genes was conducted with funds from 
the National Cancer Institute, the 
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“ Yes, we go both ways now” 


National Science Foundation, the 
National Institutes of Health, the 
University of California and Stanford 
University. All parties eventually 
agreed that NIH would enter an in- 
stitutional patent agreement with 
Stanford University and the University 
of California. Stanford would ad- 
minister licensing of the technology, 
under terms of the agreement and share 
royalties equally with the University of 
California. After public hearings last 
spring, NIH granted Stanford per- 
mission to go ahead with licensing, 
provided any company granted a license 
would abide by NIH safety guidelines 
for genetic engineering. 

Niels Reimers, Stanford’s manager 
of technology licensing says he expects 
a patent to be issued within a matter 
of months, and believes it will cover 
much of the basic technique for pro- 
ducing recombinant DNA in E. coll. 
Stanford will probably wait until the 
patent is actually issued to begin 
licensing. 

Such a patent would apply only in 
the United States. For that reason, and 
because of early stringent regulations, 
some scientists who are trying to create 
insulin by isolating and transferring a 
human gene have gone to Europe to 
work. Applications to use the country’s 
first super-secure “P-4” facility, at 
Fort Dietrick, Maryland, will not be 
processed until later in the autumn. 
New, less stringent safety guidelines 
will also not go into effect until later 
this year. 

William Rutter, a molecular biologist 
at the University of California, San 
Francisco, is already looking to Europe 
as the place to continue his work on the 
human gene for insulin. “One is forced 
to do that if one wants to do the ex- 


periments” he says. His group is 
planning to work in France. The 
potential advantage of using the 


natural gene for insulin, he says, is 
that it includes additional information 
for folding and joining the A and B 
peptide strands. 

| John Douglas 
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Sicily’s scientific evangelist 


The European Physical Society, which meets next week 
in York, has for its president a Sicilian very powerful in 
Italian science politics: Professor Antonino Zichichi. 
He spoke recently to Robert Walgate 


ANTONINO Zichichi, 48-year-old son of 
a Sicilian small businessman, entered 
university without knowing that phy- 
sics could be a career. Now he is 
Professor of Advanced Physics at the 
University of Bologna. He is also virtu- 
ally king of Erice, a Sicilian hill-top 
village where 15 years ago he estab- 
lished a summer school: the Ettore 
Majorana Centre. (A hundred scientists 
a week now visit Erice. “I had left Si- 
cily. I felt guilty. I wanted to help.’’) 
Zichichi has also helped the Italian 
National Nuclear Physics Institute 
(INFN), of which he is president. 
Earlier this month he succeeded in 
doubling its budget, committing Italy 
to three new accelerators: an electron 
storage ring, a superconducting cyclo- 
tron, and an electron linac. 

Professor Zichichi is a particle phy- 
sicist who keeps company with the 
Italian ministers of science and educa- 
tion. And he is now President of the 
European Physical Society. He is also, 
without doubt, a thoroughgoing roman- 
tic. He is romantic about Europe. He 
is romantic about science. But both 
romances are tinged with realism: he 
wants to get things done. 

‘Culture’ is an important word in 
his vocabulary. By it he means largely 
disseminated ‘pure science’, Technolo- 
gists, he says, are “‘culturally 300 years 
in the past; they should understand 
quantum electrodynamics”. According 
to Zichichi, scientists create “new cul- 
ture”. “The greatest three things that 
mankind has created are first language, 
then logic, and finally science”. Lan- 
guage needs very little logic, just 
enough for internal consistency. Logic, 


0028-0836/78/0275—0171 01,00 


invented 2,000 years ago, “is above 
language; it is something new.” The 
most rigorous form of logic is 
mathematics; but you can invent any- 
thing in it, such as spaces of 25 dimen- 
sions. Science, which began with 
Galileo, is the logic of nature. 
“Science tells you if you want to believe 
something just ask nature. It took 2,000 
years to learn that force was propor- 
tional to acceleration and not to 
velocity, because the Greeks only 
argued”. Thus Zichichi believes that 
science is the highest achievement of 
mankind. 

“But science has no impact in hu- 
man culture. Human culture is still 
dominated by language. People can 
still be influenced by a slogan. Invent 
a slogan and you will have millions of 
people following you. A slogan is an 
insult to human intelligence.” Science, 
says Zichichi, “has produced a lot of 
science but very little culture.” What 
would be poetry “if poets had kept their 
work only in a closed drawer, or com- 
municated only among themselves? Or 
painting if Raphael or Picasso had kept 
their paintings locked away? Or music 
if musicians had played only to each 
other? With science it’s the same story. 
There are immense treasuries of 
knowledge locked away in our lab- 
oratories and our libraries, but scien- 
tists have done very little to make 
them known to everybody.” 

There is a barrier to cross in that 
one has to work to understand science; 
but 300,000 years ago probably very 
few people had language. Using a 
language is not easy; but now everyone 
can speak. Why? Because we hear 


Ye. 


speech from birth. “My conviction is 
that the same should happen with 
science. One day everybody will be 
scientists—not in the sense that they 
will make discoveries, but they will 
understand the discoveries that others 
are making, which is already a very 
great step forward”. 

Professor Zichichi is not unaware of 
the more temporal benefits of publicity 
I was interviewing him at CERN, the 
European nuclear physics laboratory 
near Geneva, where he has spent most 
of his career since 1956. I asked him 
what he considered his greatest contri- 
bution to physics. It was the discovery 
of the antideuteron—a nucleus con- 
sisting of an antiproton and an anti- 
neutron—which he made in one night 
in 1965. “If you forgot the accepted 
wisdom about invariance principles and 
just thought classically, you could ask 
who told us that the antiproton and 
the antineutron stuck together like the 
proton and the neutron? And if they 
did not, the whole route to the anti- 
nuclei would have been stopped.” 
Zichichi found the  antideuteron. 
“And we didn’t make any press 
release—nothing.” Seven years later 
another group rediscovered it and 
published it widely. “At this point I 
decided to take more care of public 
impact”. 

Zichichi began to write for an 
Italian newspaper — “the greatest”, 
Corriere della Sera, in a column titled 
‘new culture’. “I don’t like to call it 
science popularisation”. After two 
years he moved to // Giornale Nuove, 
to reach a new public, and now he 
writes articles of up to 1,000 words for 
the Saturday edition of the Rome 
newspaper 7! Tempo. The latter has a 
circulation of 300,000, half that of his 
first paper, but it is read by “political 
people, religious people, in Rome”. It 
is therefore more influential; and 
Zichichi gets more letters about his // 
Tempo articles than any others. 

If communicating science is one of 
Zichichi’s passions, then so also are 
people. He sees European Physical 
Society first in terms of creating 
friendships; he sees his negotiations 
with ministers in terms of relationships 
and conversations, as a matter of con- 
vincing individuals face-to-face with 
his arguments. “I like to leave the ad- 
ministration of INFN to those who 
can do it better than me. I work on the 
scientific strategy: I try to convince 
people at the highest level with good 
arguments . . . Politicians are not stupid 
people. They are Wery smart. Too many 
of my colleagues make the mistake of 
thinking them stupid.” 

I asked Zichichi what was the place 
of a scientist in Italian politics: 

“Nonexistent.” 

“But you have a lot of influence.” 

“I am the exception not the rule.” 
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“How do you do it?” 

“I don’t know how I do it. I think 
it’s because they understand me and 
not the others.” 

And yet “I don’t like to waste my 
time with politics. I took the presidency 
of INFN because I thought we were 
going to have troubles. The first thing 
I like to do is the research I am 
interested in. But you cannot spend 
your life complaining . . . some time 
ago I was arguing about strategy and 
so on with my colleagues in INFN, 
and at a certain point they said well, 
you cannot refuse to be president if 
you really want to go on like this. 
I would have preferred someone else 
to step in; but I realised I had to 
accept responsibility for the things I 
wanted to get done.” 

“Do you have any other administra- 
tive ambitions?” 

“No. Zero. Absolutely no.’ I asked 
about CERN. “In CERN I do only 
physics. I’ve never had any responsi- 
bility of any kind. And I’m very glad, 
for there must be a place where you 
do only physics.” Could CERN be 
better run? He was not in a position 
to say. “It is always easy to criticise 
organisations. I have a positive attitude 
to anything existing. But what I can 
tell you is that it is easy for big 
organisations to slip out of purely 
scientific control. I am facing this 
problem at INFN, and that is only one- 
tenth the size of CERN.” 

“Would you like to be director of 
CERN?” 

“No. Because if you are director of 
CERN you cannot do any more 
physics. And I want to do physics. It 
is all right for a theorist. But if you are 
an experimenter you must make a 
choice: either you are director of 
CERN or you do physics. The games I 
am in now, I can combine with my 
research: I would feel without an im- 
portant part of myself if I had to give 
up physics.” 

Erice perhaps weighs equally with 
research in Zichichi’s constitution: “lI 
am in touch by telephone for a few 
minutes every day”.’ Why did he start 
the summer school? For a complex of 
reasons. “As you know Sicily is a place 
of great culture. Pretty well every 
culture but the Chinese has been 
through Sicily. But it is an under- 
developed part of Europe. I was not 
living there, and in a certain sense I 
felt guilty. But what could I do? 

“One thing was clear to me. The 
universities started 1,000 years ago 
because people wantéd to know what 
was going on at the frontier or knowl- 
edge. Books were very slow. So people 
had to meet. But now universities can- 
not bring people to the frontier because 
of the great development of modern 
knowledge. So the old university spirit 
has been lost. 
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“People still want to be brought to 
the frontier. But who is going to teach 
you? It may be that at X you have the 
greatest world specialist in some dis- 
cipline and you are lucky; but you miss 
the other disciplines. So if you can 
establish a place where people can be 
brought to the frontier of various fields 
then they will come. That is the prin- 
ciple of the Ettore Majorana Centre at 
Erice.” 

The school is financed by the Sicilian 
Government (Sicily is independent of 
Italy but for foreign policy), by INFN, 
and occasionally by other bodies such 
as NATO. When it started Zichichi had 
offers of buildings. “But under- 


developed countries are strewn with 
cathedrals in the desert. I wanted to be 
sure this place would work. And Erice 
beautiful, 


Erice, home of Zichichi’s summer school. 


Erice is built on a volcanic outcrop 
of rock, like a natural fortress. On one 
Street you walk on the same stones as 
the Romans; more recently it was like 
a Switzerland in Sicily, housing and 
protecting the richest families. 
Zichichi’s office is the highest part of 
Erice. “The view from there is ab- 
solutely fantastic.” The ‘summer’ 
school (it lasts from March to Decem- 
ber) is the whole economy of the town, 
and, according to one enthusiastic 
visitor the few inhabitants (some 100 or 
so, says Zichichi) bow their heads to 
Zichichi as he passes. 

Zichichi hands out prizes to the best 
students (in fistfuls of Lire at the end 
of a course, an ex-student says) “‘but it 
is not easy to win a prize. The people 
who go there are really very brilliant. 
It is a pleasure to be there.” 

In March this year Zichichi ‘em- 
erged’ as President of the European 
Physical Society, through a similar pro- 
cess to the one that found him 
president of the INFN: he wanted to 
do things. Following in the footsteps of 
his predecessor—and father-in-law— 
Gilberto Bernadini he has a romantic 
ideal for the EPS, uniting East and 
West and forging links among nations: 
“We should contribute to the cultural 
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unification of Europe.” 

Zichichi also sees the EPS as a source 
of “one of the greatest human feel- 
ings”, friendship. “In the present age 
when there is an enormous amount of 
communication and we know what is 
going on on the other side of the 
world, we don’t know our neighbours 
two metres away. And it is very im- 
portant for physicists to talk, to get to 
know each other.” 

The EPS should also play a role in 
the five great physics projects in 
Europe: a giant proton synchrotron 
(probably in the USSR); a very large 
electron-positron colliding beam ma- 
chine; JET; a large synchrotron radia- 
tion laboratory; and a millimetre wave 
radio interferometer. It should also 
develop proposals on the physics com- 
ponents of two new teaching 
institutions at present under discussion 


in Europe: a European ‘science 
university’ and a ‘Mediterranean 
polytechnic’ for the underdeveloped 


regions of the Mediterranean. And it 
Should encourage the exchange of 
students and professors, perhaps for 
whole periods of a year’s teaching: 
“imagine the impact of a London pro- 
fessor of quantum mechanics teaching 
in say Palermo, or Leningrad, for a 
whole year. Sabbatticals are not 
enough. We need to interest govern- 
ments in this.” 

In the end Zichichi will always come 
back to his physics. He is an uncon- 
ventional researcher. He was the first 
to look at the production of leptons 
in collisions of hadrons, work which 
eventually led to a Nobel Prize for 
Samuel Ting in the discovery of the 
‘hidden charm’ particle J/psi. ‘Ting 
mentioned me in his Nobel address as 
the pioneer. I can be proud and 
ashamed—proud that I started, and 
ashamed that I gave up’’. Also he spent 
five years searching for a lepton 
heavier than the muon at Frascati, by 
looking at electron annihilations pro- 
ducing an electron, a muon, and any- 
thing—the same reaction in which 
Martin Perl at Stanford discovered the 
1.7 GeV tau lepton ten years later (the 
tau was just above the Frascati energy, 
like the J/psi itself. There is little 
doubt that Frascati’s energy was very 
unfortunately chosen.) 

Now Zichichi is “trying to break the 
proton”. The concept that the quarks 
are infinitely bound into the proton 
“is only at the level of ‘theoretical 
feeling’ ” says Zichichi. “There is no 
proved theorem that says they should 
stay in there.” Zichichi, while admiring 
elegant theory, has no truck with 
theoretical speculation, any more than 
he has time for reading the fantasies of 
novelists. In the matter of the proton 
he wants to ask Nature her logic. He 
has, as he puts it, “a very realistic 
view”. 


© Macmillan Journals Ltd 1978 


Nature Vol. 275 21 September 1978 





news and views 





Cholera and related diarrhoeas (‘turista’) 


from Richard A. Finkelstein and Mary Boesman-Finkelstein 


CHoLERA and the related diarrhoeal 
diseases extract an incalculable global 
toll in human misery, morbidity and 
mortality. They also have a direct im- 
pact on human nutrition and growth 
and affect world food supplies through 
their effect on livestock. On August 
6-11 they were the subject of the 43rd 
Nobel Symposium" at which 30 experts 
discussed the epidemiology, molecular 
biology, immunology, pathophysiology 
and significance of the enterotoxic 
enteropathies as a worldwide health 
problem. The symposium could not 
have been more timely; as a result of 
the tremendous progress during the past 
decade, there was a lot to be said. 

Of the many highlights of the sym- 
posium, the dramatic advances in the 
treatment of cholera and related 
diarrhoeas, the dynamic interaction 
between diarrhoeal disease and mal- 
nutrition, developments in understand- 
ing the pathogenesis of diarrhoea at 
the molecular level, and the imminence 
- of a living attenuated vaccine for 
cholera and the immunologically related 
enterotoxic enteropathies are certainly 
worthy of further brief review. 

The remarkable developments in 
therapy of cholera and related diar- 
rhoeal diseases pre-eminently illustrate 
the practical rewards of basic research. 
The results would certainly have been 
gratifying to the late Dr Robert Allan 
Philips who, were he alive, would have 
been a key figure at this conference, as 
it was he who pioneered both intra- 
venous and oral fluid and electrolyte 
therapy. His observation (Phillips Fed. 
Proc. 23, 705; 1964) that the incorpora- 
tion of glucose in oral solutions might 
completely eliminate the requirement 
for intravenous fluids in the average 
cholera case was clearly substantiated 
in the symposium independéntly by L. 
Mata (Costa Rica), S. C. Pal (Calcutta), 
D. Barua (WHO, Geneva), W. B. 
Greenough, II (Dacca), 'T. Hendrix 
(Johns Hopkins), M. Field- (Chicago), 
and M. Levine (Maryland). All but a 
small percentage of diarrhoeal patients 
can now be treated successfully solely 
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with orally administered electrolyte 
solutions. This can be accomplished, 
effectively and economically, by the 
distribution of packets containing pre- 
weighed amounts of glucose, NaCl, 
KC] and NaHCO, to be added to 
measured volumes of water in the hos- 
pital, in local treatment centres and, 
most importantly, in the home, even in 
the most rural and underdeveloped 
areas. In a small number of severe cases, 
particularly those with emesis preclud- 
ing oral rehydration, intravenous fluid 
therapy ds still required, but even some 
of these can be treated orally if the 
electrolyte solutions are administered 
in small but frequent increments. It is 
only a minor limitation that antibiotics, 
which have been shown to reduce the 
duration of bacterial shedding and of 
the diarrhoea, are not presently in- 
cluded. The impact that decentralisa- 
tion of treatment might have on the 
ecology of the pathogens involved 
should be a subject of surveillance in 
the future. Other questions that remain 
to be answered are whether other 
energy sources can be substituted for 
glucose and whether different formulae 
are required for diarrhoea due to rota- 
viruses or other agents. 

That certain antibiotics, adminis- 
tered prophylactically, can reduce the 
incidence of diarrhoea in travellers 
was established by B. Sack (Johns 
Hopkins University) in studies with 
Peace Corps volunteers. In this popu- 
lation, enterotoxigenic Escherichia coli 
are responsible for the majority of 
cases and, fortuitously at present, the 
majority of these strains are antibiotic 
sensitive. However, because of the 
spectres of drug resistance and akera- 
tions of normal flora leading to super- 
infection, participants at the confer- 
ence agreed that prophylactic antibio- 
tics, if used at all, should be restricted 
to short-term travellers at high risk. 

The possibility of pharmacological 
intervention after the onset of diar- 
rhoea was also raised and supported by 
experimental studies by Hendrix and L 
Lönnroth (Göteborg). At the moment, 
two drugs, chlorpromazine and nicotl- 
nic acid, show promise in animal 
studies and merit further consideration 
for controlled study in man. 

Contrary to popular belief, evidence 
presented by Mata indicates that rather 


than malnutrition predisposing to in- 
fection, the reverse seems to be the 
rue—‘malnutrition is determined by 
diarrhoea.’ With newborn infants and 
children in part.cular, especially in 
developing areas, -here is a tendency to 
withhold nutrients during diarrhoeal 
illness. Mata’s studies in Central Ame- 
rica, supported by observations of 
Barua, clearly indicate that when such 
children are adequately treated, by oral 
therapy, during tkeir multiple bouts of 
diarrhoea, they grow better than thelr 
counterparts — the stunting which 
occurs during and following illness does 
not happen. This work has the import- 
ant implication that availability of food 
is not the major problem in ‘malnour- 
ished’ children. Rather, the problem is 
to educate the pecple to provide proper 
treatment and ncrmal (adequate) diet 
throughout periods of diarrhoeal dis- 
ease. This is perticularly important 
during the nursing period. Mata’s mes- 
sage was also that we should be careful 
to differentiate between susceptibility 
and severity, recognising that the mal- 
nourished individuals are most fre- 
quently found in poor sanitary environ- 
ments. © 

Epidemiological y, it was acknow- 
ledged that cholera declines when the 
water supply is freed of contamination 
with human faeces. It is not clear, how- 
ever, that this is the case with other 
enterotoxic enteropathies such as 
E. coli diarrhoea, which seems to be 
transmitted prima-ily within the house- 
hold and by food. The problems of 
developments in sanitation, which 
could solve the cholera problem, while 
recognised by ths participants, were 
felt to be beyond the province of this 
conference. 

Presentations by M. Gill (Harvard 
University) and M. Field (University of 
Chicago) revealed that for the second 
and third times (diphtheria being the 
first), the pathogenesis of infectious 
diseases is within a hair’s breadth of 
being totally understood at the mole- 
cular level. Field, who inspired the 
recognition that cholera enterotoxin 
(choleragen) acts ty activating host cell 


Richard A. Finkecstetn is Professor of 
Microblology ana Mary Boesman- 
Finkelstein is Foculty Associate in Bio- 
chemistry, Univers.ty of Texas South- 
western Medical Scaool at Dallas. 





© Hacmillan Journals Ltd 1978 


174 


adenylate cyclase, presented new evi- 
dence that ST (the heat-stable low 
molecular weight enterotoxin(s) of E. 
coli, of which one example was charac- 
terised by D. Robertson (University of 
Kansas) as a peptide of 47 residues) 
acts by activating host cell (specifically 
intestinal epithelium) guanylate cyclase, 
while Gill indicated that the A-subunit 
of choleragen catalyses primarily the 
ADP-ribosylation of a GTP-binding 
protein which, according to observa- 
tions by Z. Selinger, traps adenylate 
cyclase in its activated state. The sub- 
sequent events, catalysed by cyclic- 
AMP or cyclicGMP, which lead to the 
increased electrolyte and fluid secretion, 
are still a grey area. 

S. Falkow (University of Washing- 
ton, Seattle) dynamically demonstrated 
the application of the newly-developing 
recombinant DNA technology to the 
solution of problems of pathogenesis, 
with the object of creating useful new 
microbial strains, rather than new 
pathogens, with evidence for the clon- 
ing of the ST and LT (heat-/abile 
cholera-related enterotoxin) genes of 
E. coli. He supported the observations 
of F. Ørskov (University of Copenha- 
gen) that the E. coli strains which are 
selected to become enteropathogens 
(that is, which can effectively receive tox 
plasmids and other essential virulence 
factors) may be restricted to a relatively 
small number of serotypes which happen 
to be relatively good genetic recipients. 
Some ‘non-toxigenic’ strains of E. coli of 
proven pathogenicity for man in volun- 
teer studies may produce toxins which 
are active in other than the usual mo- 
dels, according to Levine. Other 
essential attributes of virulence, such 
as chemotaxis and adhesiveness lead- 
ing to colonisation, were discussed by 
R. Freter (Michigan). J. Craig (New 
York) pointed out that cholera vibrios 
differ in the amount of toxin they ela- 
borate in vitro under two different 
conditions of cultivation. The advan- 
tages and limitations of available tech- 
niques of recognising enterotoxins and 
their antibodies were discussed by O. 
Ouchterlony, who also presented a 
novel simple method of assay based 
upon changes in hydrophilic character 
of antigen-antibody complexes on plas- 
tic surfaces, The essential roles of the 
host cell glycolipid receptors, the Gan 
ganglioside, elucidated by the pioneer- 
ing observations of W. E. van Heynin- 
gen, were reviewed and extended by 
L. Svennerholm and J. Holmgren 
(Goteborg). 

The possibilities of immunological 
intervention were high among the 
priorities of the Symposium. J. Feeley 
(Atlanta) extensively reviewed the 
scientifically controlled field studies 
of cholera vaccines composed of killed 
vibrios administered parenterally, and 
concluded, in accord with previous 
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judgment, that the benefits derived did 
not justify the cost of vaccination. 
According to Barua, in consideration of 
these observations, requirements for 
cholera vaccination were removed from 
WHO regulations in 1973. Nevertheless 
there is the possibility of improvement, 
as brought out by more recent studies, 
presented by I. Joó (Hungary) and Pal, 
on alum-adjuvanted bacterial vaccines 
which seem to generate greater pro- 
tection in the susceptible infants and 
children of endemic areas than pre- 
viously tested un-adjuvanted vaccines. 
Although cholera toxoid administered 
parenterally offers no protection ac- 
cording to the field studies summarised 
by N. Ohtomo (Japan) and G. Curlin 
(Dacca), the synergistic protective effect 
observed experimentally with combina- 
tions of toxin antigen and somatic anti- 
gens in studies by A.-M. Svennerholm 
(Göteborg) is worth further considera- 
tion. She also indicated the potential 
value of assaying the antibody content 
of milk from immunised lactating 
women as a reflection of the local 
(intestinal) secretory antibody response. 
N. Pierce (Johns Hopkins University) 
reviewed extensively his observations 
on the kinetics of formation of anti- 
body-containing cells in the lamina 
propria in response to a variety of 
combinations of orally and parenterally 
administered toxin antigens in experi- 
mental animal models and concluded 
that the nature of the antigen is 
important and that immunological sup- 
pression may result from some regi- 
mens. J. Holmgren (Göteborg) indicated 
that species differences may also be 
important, as illustrated by his studies 
in the orally immunised mouse model 
described earlier by Fujita and 
Finkelstein. J. Murphy (Harvard) 
reviewed genetic studies in his labora- 
tory which have resulted so far in the 
isolation of two  hypotoxinogenic 
mutants of strain 569B which produce 
reduced amounts of subunit A and 
little, if any, subunit B. 

That solid immunity against cholera 
is indeed feasible has been established 
conclusively by studies in volunteers as 
summarised by Levine. Volunteers 
convalescent from induced cholera 
were found to be virtually completely 
refractory to subsequent challenge with 
cholera vibrios of either the homo- 
logous or heterologous serotype. There- 
fore it is clear that the disease itself is 
an immunising process, although the 
mechanism(s) and the nature of the 
immunising antigen(s}—-somatic anti- 
gens, enterotoxin, colonisation factors, 
flagella, outer membrane proteins, or a 
combination—are not yet known. 
Immunity to rechallenge after induced 
E. coli diarrhoea was markedly less 
effective. 

In an earlier session, R. A. Finkel- 
stein (University of Texas, Dallas) sum- 
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marised the laboratory production and 
isolation of enterotoxins; elucidated 
criteria for defining enterotoxins and 
‘enterocytotoxins’; issued a caveat 
against the tendency to regard all newly 
described toxicities as toxins; and also 
reported the isolation with T. Honda, 
of a mutant of Vibrio cholerae which 
offers promise as a live vaccine against 
cholera and related  diarrhoeas. 
Discussed further in the Immunology 
workshop, the mutant, called ‘Texas 
Star’, is avirulent in the sensitive infant 
rabbit model, has shown no signs of 
reversion, and seems to produce only 
the immunogenic B (binding) portion 
of the cholera enterotoxin. It is hoped 
that the mutant will be shown to be 
innoccuous in volunteer studies and 
that it will simulate infection with 
virulent vibrios by producing solid 
immunity to cholera, and potentially to 
other diarrhoeas as well, by means of 
the common toxin B antigen. As a 
previous hypotoxinogenic mutant, M13, 
isolated in our laboratory, was harmless 
in volunteers and induced cholera 
immunity, this expectation may not be 
unrealistic. 

In the immunology workshop it was 
emphasised that in volunter studies, 
which are an effective step toward 
vaccine development, the highest inter- 
nationally acceptable ethical standards 
must be followed with regard to selec- 
tion, education, and respect for the 
rights of volunteers. 

Participants were reminded of how 
far we have come in a short time by the 
presence of one of the Indian investi- 
gators, S. N. De (Calcutta), who in the 
late 1950s first showed that the 
symptoms of cholera could be produced 
in laboratory models by cell-free pro- 
ducts of the cholera vibrio. s 


Ultra-cold neutrons 
in superfluid helium 
from P. V. E. McClintock 


THE first measurements of the rate at 
which ultra-cold neutrons are produced 
within a vessel of liquid helium, 
reported in a recent issue of Physics 
Letters (66A, 469; 1978), strongly sup- 
port the earlier suggestion by Golub 
and Pendlebury (Physics Letters 62A, 
337: 1977) that it might be possible to 
fill a neutron bottle with trapped neu- 
trons to an unprecedentedly high 
density if superfluid ‘He were used 
as the internal medium. The pro- 
duction measurements were carried out 
in Grenoble at the Institut Laue- 
Langevin by P. Ageron and W. Mampe 
(ILL) in collaboration with R. Golub 
and J. M. Pendlebury (Sussex Univer- 
sity). 

Ultra-cold neutrons (UCN) are neu- 


© Macmillan Journals Ltd 1978 


Nature Vol. 275 21 September 1978 


trons of such low energy that they are 
totally reflected from material surfaces 
at all angles of incidence, so that it 
becomes possible to confine them in- 
side a suitably designed container (neu- 
iron bottle), where experiments can 
then be conducted in a relatively 
leisurely fashion—compared to neu- 
tron beam experiments where the time 
of observation is restricted to about 
1/308 at most—to elucidate their 
properties. If they could be trapped at 
sufficient density for periods. compar- 
able with their lifetime (neutrons decay 
by #emission in about 15 minutes), 
then it might become possible to deter- 
mine certain fundamental constants, 
such as the electric dipole moment of 
the neutron for which there are various 
theoretical predictions but, as yet, no 
positive measurements. The main diffi- 
culty is that the present technology 
available for UCN production, exploit- 
ing the very low energy Maxwellian 
tail of the thermal distribution of 
neutrons within a nuclear reactor, leads 
to trapped UCN densities of only about 
tcm™’, which is not really adequate 
for the proposed experiments. 

Golub and Pendlebury’s suggestion 
amounted to a completely different 
technique by which UCN might be 
produced: by down-scattering in 
liquid helium of neutrons with an ini- 
tial velocity of about 450ms™. They 
pointed out that, when a neutron of 
this particular velocity travels through 
a bath of superfluid ‘He, there is a 
finite probability that it may spontan- 
eously create a thermal excitation (in 
effect, a single quantum of sound) and, 
in doing so, lose almost all its initial 
-energy. In its final state it will be an 
ultra-cold neutron, moving at less than 
5 ms’, and unable to escape from the 
container. Their proposed UCN source 
consists, therefore, of a container of 
superfluid ‘He whose walls are trans- 
parent to neutrons with velocity of 
450 ms™*, placed in a beam containing 
a relatively large proportion of neutrons 
of this velocity. Most of the neutrons 
will pass straight through and out the 
other side, but a certain number will 
create excitations, enter the UCN 
region and become trapped. 

The UCN density attainable by this 
method clearly depends on a balance 
between the production rate and the 
loss rate. Losses of UCN’ from the bot- 
tle will occur inevitably through 
-decay but, in addition, can also arise 
as the result of up-scattering by ther- 
mal excitations (the converse of the 
production mechanism), absorption by 
impurities in the ‘He, or inelastic 
scattering from the walls. The latter 
phenomenon has restricted the storage 
times achieved in evacuated room- 
temperature bottles to about 308s, but 
it is expected to become much less 
important at the temperatures over 
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1 K where the helium filled bottle 
will be operated. The most potent 
neutron absorber likely to be 
present in the liquid is the other iso- 
tope of helium, “He: it will be 
necessary to reduce the “He isotopic 
impurity content to a level about four 
or five orders of magnitude below that 
(a few parts in 10°) found in ordinary 
commercial ‘He. Fortunately, however, 
purities even greater than this can quite 
readily be achieved using the heat- 
flush isotopic separation method re- 
cently developed at Lancaster, and neu- 
tron absorbtion within the body of the 
liquid is not therefore expected to be 
a problem. Neither should up-scatter- 
ing processes since, provided the bottle 
is operated at a temperature below | K, 
the number of excitations with the 
appropriate energy to initiate such 
events will be quite negligible. The 
main unknown factor has been the 
production rate and, although Golub 
and Pendlebury did their best to esti- 
mate it, the calculation was by no 
means sraightforward and # incor- 
porated a number of assumptions which 
could have been in error. Hence the 
importance of the work now being re- 
ported from the ILL, which constitutes 
the first experimental measurement of 
the UCN production rate in superfluid 
helium. 

The arrangement used was extremely 
simple. A vessel of liquid ‘He, whose 
temperature could be reduced by 
pumping, was placed in a horizontal 
neutron beam. Ordinary commercial 
‘He was used, and so no provision was 
made for storing any UCN which might 
be produced. Instead, a neutron guide 
tube was prowded to lead the UCN 
out of the liquid helium to an external 
neutron detector. The guide incor- 
porated five right-angled bends to 
enable neutrons of higher energy to 
escape through its walls and thus to 
ensure that only the UCN could reach 
the detector and be counted. 

In the event, the neutron counting 
rate increased rapidly to about 5s” 
when the temperature of the liquid was 
reduced below its superfluid transition 
temperature at 2.2K. When a 0.5mm 
thick stainless steel plate, totally 
opaque to UCN but partially trans- 
parent to neutrons of higher energy, 
was placed so as to block the guide 
tube, the counting rate fell to the back- 
ground level of 0.5 s; but it returned 
to its former value again as soon as 
the plate was removed. Some 24 hours 
later, as the last of the liquid helium 
boiled away, the rate fell once more to 
the background level. It seems virtually 
certain, therefore, that the detected 
neutrons were UCN produced in the 
liquid through the mechanism proposed 
by Golub and Pendlebury Further- 
more, the measured production rate 
was found to be in remarkably good 


A 


agreement with the value which they 
had calculated. 

This is a very encouraging result. It 
implies that the fullscale neutron con- 
finement cryostat now being planned 
at the ILL, which will incorporate a 
sample of isotopically ultra-pure liquid 
‘He, is likely to store UCN at densities 
at least sixty times larger than have 
been attained br conventional methods 
-and perhaps a thousand times larger, 
if the problem of wall losses can be 
overcome. CJ 


P. V. E. McCustock is in the Physics 
Department at the Univernty of Lancaster. 


Progress in 
Fusion Research 


from a Correspoadent 


TOKAMAK rules. That was the essential 
message from the 7th International 
Conference on Plasma Physics and 
Controlled Nuc.ear Fusion Research 
held at Innsbruck from 23-30 August 
last. The results from the large (PLT) 
tokamak at Princeton (USA) were 
presented and d-scussed in some detail 
In particular the scientific basis for the 
widely publicisec claim that a tempera- 
ture of 60 millon degrees had been 
reached was carefully examined and 
finally accepted. The discussions high- 
lighted the difficulties of unambiguous 
measurement of ion temperatures in 
such plasmas. Imdeed it can be argued 
that the obsession with ‘temperature’ 
is a hangover from the Zeta days and 
that in these plasmas, particularly those 
heated by powerful neutral beams, the 
single crucial number is the ratio Q of 
the energy released in fusion reactions 


‘to the energy input. In the Princeton 


experiment with 1.7 MW of neutral 
deuterium beam power into a deu- 
terium plasma, 2 neutron emission of 
4X10” neutrons s' was measured; at 
~3 MeV per reaction, one can cal- 
culate that this corresponds to ~20 W 
of fusion power and hence to Q~10™". 
If a tritium beam had been used, then 
the more favourable cross-section and 
larger energy release would have in- 
creased Q to ~5x10°. The new 
tokamak TFTR at present under con- 
struction at Princeton is designed to 
achieve Q > 1 through the reduction 
in diffusive losses by the use of larger 
dimensions. In the light of the new 
results its chances of success look good. 
For a power reactor Q~20 would be 
needed. 

Results from other tokamak ex- 
periments around the world showed an 
increasing ability to reduce the con- 
tamination of the plasma by impurities. 
With cleaner plesmas it is possible to 
reach higher dersities than before and 
to increase the ratio of toroidal plasma 
current to toroidal magnetic field. Thus 
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in the Alcator experiment a record 
value of the product of plasma density 
and containment time was reached, ie. 
<nr>=3x10"cm™"*s. The plasma 
here was relatively cold with a tempera- 
ture of ~8 million degrees. 

Despite the success of tokamaks in 
confining hot plasma the difficulties of 
developing the concept into a practical 
power producing reactor are immense. 
One major problem is the relatively low 
ratio B between the plasma pressure 
and that of the magnetic field. The 
plasma produces the power while the 
magnetic field costs money. Thus many 
studies have suggested that the 
minimum acceptable 8 for a reactor is 
5 — 10%. In present tokamaks B is 
typically less than 1%. Theoretical 
work from Culham, Lausanne and 
Princeton presented at the conference 
suggests that the maximum 8 in a 
tokamak consistent with plasma 
stability is only about 3%. This leaves 
an awkward gap and it is therefore of 
crucial importance to carry out de- 
finitive experiments to test the theory. 

The fact that the road to the 
tokamak reactor is clearly a very 
difficult one encourages the continua- 
tion of work on other magnetic con- 
finement approaches where the 
difficulties are equally daunting but 
different. 

Thus work continues on a variety 
of magnetic confinement schemes in- 
cluding the stellarator, reversed field 
pinch and mirror machine. Steady 
progress on these lines was reported at 
Innsbruck but no startling break- 
through of the kind that would lead to 
any switch of emphasis away from the 
tokamak. A dark horse in the com- 
petition is the Elmo Bumpy Torus 
(EBT) experiment at Oak Ridge. In 
this experiment a steady state toroidal 
plasma is produced by high power 
(60 kW) microwave heating with an 
ion temperature of about 2 million 
degrees. The practicability of this ap- 
proach has recently been greatly in- 
creased by technical developments in 
the generation of high power millimetre 
microwaves. A reactor design based 
on the EBT principle was presented at 
Innsbruck. A microwave power of the 
order of 100MW at ~100GH_ is 
envisaged. 

The major alternative to magnetic 
confinement is the inertial approach 
in which a tiny pellet is compressed to 
densities of ~ 10° particles cm™, 
heated to thermonuclear temperatures 
and holds together under inertial forces 
for long enough (1077 s) to give an 
adequate yield of fusion energy. Pres- 
entations on this subject at Innsbruck 
were relatively muted, the major groups 
being mainly pre-occupied with getting 
the necessary multi-terrawatt driver 
systems (lasers, ion beams and electron 
beams) to work. Thus the essential 
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feature of compression to very high 
densities has yet to be experimentally 
demonstrated. Most existing experi- 
ments are done with so called exploding 
pusher targets. In these high pressure 
(100 atm) deuterium and tritium gas 
is compressed by the explosion of the 
surrounding glass microsphere. Ex- 
periments of this type around the 
world with CO, and Nd glass lasers 
(including one at the Rutherford 
Laboratory), have produced a great 
deal of information, diagnostic ex- 
perience and Q values of ~107. 
Experiments aimed at Q~1 using 
the Shiva laser at the Lawrence 
Livermore Laboratory (Nd glass, 
26 TW) and the Antares laser at Los 
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Alamos (CO:, 100 TW) are due to begin 
soon. The problems of converting these 
inertial confinement systems into fusion 
reactors with the necessary high 
repetition rate and adequate contain- 
ment of the successive small explosions 
are very great. The Livermore group 
propose to surround the exploding 
targets with a 100 ton, 1 m thick falling 
curtain of liquid lithium to absorb the 
neutrons and reduce radiation damage 
to the external structure. 

Certainly all the concepts presented 
at Innsbruck lead to very complex and 
difficult reactors. The assessment and 
mastery of this complexity will be one 
of the major tasks for the coming 
years. | 


Zr;Al creeps in a petty pace 


from Robert W. Cahn 


In 1956, A. H. Cottrell predicted that 
metallic uranium, while undergoing 
steady fission, would lose most of its 
resistance to creep under stress, and 
he initiated a very simple experiment 
with a loaded uranium spring inside a 
reactor. His hypothesis of enhanced 
irradiation-creep was promptly con- 
firmed and this had immediate con- 
sequences for the design of the British 
nuclear reactors of that time. 
Cottrell’s crucial hunch has been 
followed up in the intervening years by 
a large body of experiment and theory. 
Not only a fuel but also its container 
is subject to this form of creep, and 
it is a matter of special concern when 
a ‘cladding material’ is weakened, for 
the container has the function of re- 
taining fission products both solid and 
gaseous; the latter exert a pressure 
which must be resisted by the con- 
tainer. After much experiment as well 
as very sophisticated theoretical physics 
during the past few years, the mech- 
anisms both of trradiation-creep and of 
the related process of void-swelling 
(when minute cavities form in the con- 
tainer during reactor service) are now 
understood in outline. Neutron irradi- 


ation produces equal numbers of 
vacancies and interstitials, some of 
which recombine quickly; the rest 


migrate to and become absorbed at 
‘sinks’, of which dislocations are the 
most important. The crucial point is that 
a dislocation is a ‘biased sink’——that is 
to say, it has a slightly greater tendency 
to absorb interstitials than vacancies 
(the bias is typically around 2%); this 
bias is explicable in terms of differing 
elastic interactions of the dislocation 
with the two types of point defect. The 
excess of vacancies so generated 
eventually condenses to form the 
minute aggregates called voids (whose 
existence was first reported in Nature 
in 1966). Furthermore, an external 
stress can increase the bias and thus 


accelerate the climb of dislocations 
which must result from a net flux of 
interstitials to dislocations. That ac- 
celerated climb in turn is apt to pro- 
duce accelerated creep under the action 
of the external stress, since under 
certain circumstances, the climb rate 
is rate-determining for creep. 

The recognition of the central im- 
portance of point defect kinetics in 
irradiated alloys has opened the way 
for a new kind of alloy design—the 
attempt to predict what kind of alloy 
might be least susceptible to enhanced 
creep and void-swelling. The matter is 
of special interest in fast reactors and 
in water reactors; the latter all use 
container materials based on metallic 
zirconium, which combines an appro- 
priately low neutron capture cross 
section with good corrosion resistance 
in hot water under irradiation. A de- 
termined attempt is now under way in 
Canada to improve on the ‘zircalloys’ 
in current use, and the project is based 
on a most ingenious hypothesis—-the 
postulated influence of atomic order in 
an alloy, Zr.Al, in reducing the net 
fiux of interstitials to dislocations and, 
thus, in reducing liability to irradiation- 
creep. 

It is well established from com- 
parative studies of successful and un- 
successful industrial innovations that 
the most important single factor in en- 
suring success is a resolute and en- 
ergetic ‘product champion’. The cham- 
pion of Zr.Al is E. M. Schulson, a 
metallurgist on the staff of Chalk River 
Nuclear Laboratories in Canada. He 
argued in 1972 that this alloy had the 
virtues of low neutron absorption and 
promising mechanical properties, and 
further suggested ‘that irradiation-creep 
might be reduced. The basic postulate 
here is that ordering generally reduces 
the rate of vacancy migration in an 
alloy (there is an often cited study of 
beta-brass, in 1956, which first estab- 
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lished this point); at any given tem- 
perature, a slowing down of vacancy 
migration gives more time for recom- 
bination of vacancies and interstitials 
and this reduces the net flow of inter- 
Stitials to biased sinks, and thereby 
reduces irradiation-creep rate under a 
given stress. In pursuit of this hypoth- 
esis, Schulson has orchestrated a large 
range of studies, most of which have 
come to publication during the past 14 
years: it now looks as though his in- 
genious hypothesis is justified, though 
a full study of the irradiation-creep 
itself is yet to appear. 

The hypothesis itself is outlined in a 
paper by Schulson in J. Nucl. Mat. 66, 
322; 1977. Here he also reports that 
stress-relaxation of Zr,Al under neu- 
tron or 1 MeV electron irradiation at 
570 K (a realistic reactor temperature) 
is a factor of three or more lower than 
that for any zirconium-based alloy 
studied to date. This striking experi- 
ment is to be fully described in a con- 
ference report to be published by 
ASTM. ZrAl is ordered (CuzAu type, 
Ll.) up to its peritectoid transformation 
at 1,265 K, but can be progressively 
disordered by radiation damage. Several 
studies have sought to establish 
whether, at temperatures of practical 
interest, radiation-disordering goes far 
enough to nullify the advantage which 
forms the basis of Schulson’s hypoth- 
esis. This is a matter of balance be- 
tween radiation damage and spon- 
taneous reordering, and this balance 
depends on the rate of damage and 
the temperature. Accelerated damage 
by ion bombardment (Howe & Rain- 
ville J. Nucl. Mat. 68, 215; 1977) or 
1 MeV electron bombardment (Car- 
penter & Schulson J. Nucl. Mat. 73, 
180; 1978) showed that at realistic ser- 
vice temperatures, large doses leading 
to several displacements per atom were 
required to produce substantial dis- 
order above 575 K. Neutron bombard- 
ment in reactors would produce less 
damage and therefore less disorder than 
either ions or 1 MeV electrons. Further 
studies (Rosinger J. Nucl. Mat. 66, 
193; 1977; Schulson, Acta Met. 26, 
1189; 1978) have established that neu- 
tron irradiation strengthens Zr:Al at 
all temperatures. and another (Schul- 
son & Roy J. Nucl. Mat. 71, 124: 1977) 
has elicited the remarkable fact that 
irradiation actually reduces the notch- 
sensitivity of the alloy (which is in 
any case not severe) and, at room tem- 
perature, the notched tensile strength 
is even enhanced by irradiation. This 
behaviour is quite at variance with the 
normal effect of irradiation on notch- 
brittleness, which is pronounced, for 
instance, in ferritic steels. Another 
study (Schulson Met. Trans. 9A, 527: 
1978) established that the fracture 
morphology of Zr:Al indicates a ductile 
fracture mechanism. 
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These various experimental studies 
have now been supplemented by a 
thorough theoretical investigation of 
the kinetics of point defect annihilation 
and irradiation creep for a number of 
idealised imaginary alloys with various 
types of atomic order (Schulson, Swan- 
son & MacEwen Phil. Mag. A37, 575; 
1978). This very thorough analysis 1s 
based on certain assumptions about the 
change of migration energy for vacan- 
cies as a result of ordering and the 
further assumption that sink strengths 
are not affected by ordering. Numerical 
results are obtained for vacancy con- 
centration as a function of tem- 
perature, for net interstitial flux to dis- 
locations for various assumed vacancy 
migration energies and, finally, for the 
factor of reduction of dislocation climb 
rate due to ordering. In the tem- 
perature range of interest, for the 
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idealised Ll; alloy, the climb rate (and 
therefore the irradiation-creep rate) is 
shown to be reduced by 30-70%, de- 
pending on dislocation density and 
whether simple or super-dislocations are 
present. This paper marks a milestone 
in the applicatien of exact atomistic 
theory to the prediction of irradiation 
behaviour. 

ZrAl may turn out to behave even 
better than theory indicates, because 
preliminary electron microscopy in- 
dicates that the alloy, after irradiation, 
has a smaller than normal density of 
dislocation loops. Some unidentified 
healing mechanism, it seems, may 
render the alloy even less Hable to the 
processes that enhance irradiation- 
creep than is predicted by theory. 
Robert W. Cahn is Professor of Materials 
Science in the University of Sussex. 


Unfolding Troponin—C 


from Jonathan Seymour 


TROPONIN-C (TN-C) is one of the most 
interesting proteins in muscle, because 
it lies at the kernel of the mechanism 
for controlling contraction and relaxa- 
tion. When the concentration of Cat 
around the thick and thin filaments of 
muscle is high, TN-C binds Ca** and 
contraction takes place. In contrast, 
when the Ca’** concentration is low, 
TN-C loses its bound Ca** and con- 
traction is inhibited and the muscle 
relaxes. This inhibition of contraction 
is produced by tropomyosin and the 
troponin complex, both of which are 
situated on the muscle thin filaments. 
The troponin complex consists of three 
components: TN-I, which exerts the 
inhibitory action; TN-T, which binds 
the complex to tropomyosin and TN-C, 
which is responsible for binding Ca*. 
Recent experiments have revealed how 
the structure and functions of TN-C 
are related. 

TN-C has two binding sites which 
can bind either Ca** or Mg. At low 
concentrations of Mg’*, these Ca’ 
-~Mg** sites show a high affinity for 
Ca’, Also TN-C has two further sites 
that can bind Ca’™* only. These Ca** 
-specific sites show a lower affinity for 
Ca** than the Ca**—Mg’’ sites, in the 
absence of Mg**. The application of 
such techniques as proton magnetic 
resonance, circular dichroism and a 
measurement of tyrosine fluorescence 
have revealed the effects of Ca” 
binding at the different sites of TN-C. 
When Ca** binds to the Ca**—-Mg”* sites, 
the backbone of the polypeptide chain 
refolds, generating new lengths of 
a—helix. This large re-organisation of 
the molecule results in TN-C adopting 
a more stable conformation. Similar, 
but not identical, changes occur when 
Mge?* is bound to the Ca’*—-Mg’* sites. 
Further binding of Ca™* at the Ca’’- 


specific sites results in smaller changes 
occurring, but there is some evidence 
for an accompanying increase in a 
helix. 

The primary sequence of TN-C 
reveals four regions (I to IV) of the 
polypeptide chain that are homologous 
with the Ca’* binding sites of parval- 
bumin. Parvalbumin is a Ca™ binding 
protein whose three dimensional struc- 
ture has been solved, to an atomic re- 
solution, by X-ray crystallography. 
These Cat binding sites consist of a 
bend in the polypeptide chain, rich in 
acidic side..chains, and flanked on both 
sides by a~helical regions. The im- 
mediate question arises, which regions 
of the sequence (I to IV) correspond 
to Ca**-Mg** sites and which to Ca” 
-specific sites? Detailed analyses of the 
sequences in the four regions led to 
contradictory results. Further progress 
was made by attaching probes to one 
cysteine residue in region HI of the 
molecule. Using fluorescence measure- 
ments and E. S. R. techniques, it was 
established by Potter et al, (J. of Biol. 
Chem., 251, 7551; 1976) that region 
HI corresponded to a Ca’*~Mg*" site. 

Recently, the nature of all four 
regions has been unambiguously re 
solved by studying the Ca** binding 
properties of fragments of TN-C. 
Leavis et al. (J. of Biol. Chem., 253, 
5452: 1978) used trypsin, thrombin and 
cyanogen bromide to cleave TN-C at 
different points along its polypeptide 
chain. The resulting fragments con- 
tained one or more of the four binding 
regions (J to FV). It was shown that 
regions IN and IV corresponded to the 
Ca**-Meg’* high affinity sites, in agree- 
ment with the earlier assignment of 
region ITI. It follows immediately that 
regions I and TE correspond to the Ca” 
-specific sites. In addition two regions 
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of TN-C were identified that bound to 
TN-L This is in agreement with similar 
work done on TN-C fragments by 
Weeks and Perry (Biochem. J., 173, 
449; 1978) and also with earlier work 
done on TN-L 

‘At the same time the work of Leavis 
et al. revealed a limitation of looking 
at fragments of TN-C. It was found 
that fragments containing the two Ca’* 
—Meg** sites, regions II and IV, had 
a strong affinity for Ca’* and could also 
bind Mg?*. Further, cleaving the poly- 
peptide, so that regions IIT and IY 
were on separate fragments, resulted m 
the isolated Ca”*—Mg”* ‘binding sites 
changing their characteristics. Now 
they could only bind Ca’* weakly and 
failed to bind any Mg” at all. This 
illustrates the importance of tertiary 
structure (relationships between 
different regions of the same molecule) 
for defining the properties of the 
binding sites. Indeed, the Ca’*binding 
properties of TN-C are related to its 
quaternary structure (relations to sur- 
rounding protein molecules), because 
when TN-C binds to TN, its affinity 
for Ca™* increases by an order of 
magnitude. 

In order to obtain a better under- 
standing of how Ca™ binding to TN-C 
releases the inhibitory effect of the 
troponin complex and tropomyosin, it 
is crucial to know which Ca’ binding 
sites on TN-C are the regulatory ones. 
The bulk of the evidence suggests that 
it is the Ca?*—specific sites that regulate 
contraction. Work with myofibril pre- 
parations indicate that the Ca” con- 
centration at which their ATPase rate 
is activated is independent of the 
concentration of Mg. Hence, only the 
Ca™*-specific sites are involved im 
regulation; but work on the tension 
development in muscle suggests that 
raising the concentration of Mg” 
increases - the Ca’ concentration 
required for the muscle to be activated. 
This possibly implicates the Ca™-Mg* 
sites in regulation. 

The solution of this dilemma would 
be an important advance in under- 
standing how TN-C regulates con- 
traction. A crucial piece of data 
relevant to this question is the con- 
centration of Mg in muscle. This is 
not accurately known, but it is believed 
to be in the range 0.1 to 5mM. This 
knowledge would enable the metal ions 
bound to TN-C to be identified in 
contracting and relaxed muscle When 
the Ca™ concentration is high and the 
muscle is contracting, all four sites on 
TN-C bind Ca™. However in relaxed 
muscle when the Ca’* concentration is 
low, the Ca™-specific sites are free of 
Ca, while the Ca™*-Mg™* sites could 
be binding Ca™* or Mg’*, depending 
upon the concentration of Mg”. There 
is also much more to learn about the 
relationships between TN-C and its 
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neighbours TN-I and TN-T. For it is 
these changing relationships, as TN-C 
binds and releases Ca™, that release 
and trigger the inhibitory action of 
troponin and tropomyosin. 


Jonathan S is at the M.R.C. Cell 
Biophysics Unit, King’s College, London. 


Nuclear resonance & 
synchroton radiation 


from G. V. Marr 


THE electromagnetic radiation (syn- 
chrotron radiation) emitted by high 
energy electrons when they are con- 
strained by magnetic fields to move in 
circular orbits in an electron synchro- 
tron or storage ring is now well known 
and much used as an intense source of 
ultraviolet and X-ray photons. Because 
the electrons are injected as localised 
bunches into the synchrotron and are 
accelerated to speeds approaching the 
speed of light, the synchrotron radia- 
tion emitted is highly polarised and 
concentrated into tightly collimated 
beams. forward-directed along tangents 
to the instantaneous electron orbit. The 
radiation emitted is characterised by 
the electron energy ‘and the bending 
radius of the orbit so that its spatial 
and energy distribution is calculable. 
It appears as a continuum of radiation 
extending from the infra-red to the X- 
ray region with a peak in the XUV or 
X-ray region. It'also possesses a pulsed- 
time, structure determined by the orbit- 
ing frequency of the electron bunches. 
There are now more than 20 labora- 
tories throughout the world, 7 of 
which are in Western Europe, where 
facilities exist for the exploitation of 
synchrotron radiation and fesearch 
programmes are in operation to study 
problems in atomic, molecular, surface 
and solid state physics, in chemistry, 
and in the structural properties of solids 
and, biological samples. In addition, X- 
ray microscopy, lithography, the cali- 
bration of light sources and detectors, 
etc., are ate of synchrotron 
radiation. * 

New applications are continuously 
appearing and an interesting extension 
of these activities to the observation 
of nuclear resonance., excitation has 
been reported by R. L. Cohen et al. 
(Phys. Rev. Letters 41, 381; 1978). The 
interest is not so much that new data 
on the nucleus has been revealed, in- 
deed the observations are of the well 
known 14keV level of "Fe, but that 
the apparatus developed enables the re- 
sonance to be detected by the observa- 
tion of a weak flux of conversion 
electrons emitted by the decay of the 
nuclear state in the presence of a much 
more intense electron flux from non- 
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nuclear electronic processes. 

The method makes use of the fact 
that the University of Stanford storage 
ring can provide pulses of synchrotron 
radiation 0.3ns wide every 780 ns. 
With a long lifetime (100 ns) against 
decay of the nuclear level it has been 
possible to gate the detector system so 
as to collect data 100 ns following the 
mcidence‘of the synchrotron radiation 
pulses, thereby allowing photoelectrons, 
Compton electrons and long lived 
secondary electrons to dissipate before 
the detector is activated. 

The synchrotron radiation was dis- 
persed by a crystal X-ray mono- 
chromator to provide a band width of 
3eV-photon energy centred about the 
14keV excitation energy. This radia- 
tion fell onto a “Fe enriched iron foil 
and the emitted electrons entered a 
continuous semiconducting dynode 
electron multiplier which was divided 
into two stages with a gated grid 
between the two sections. The grid was 
gated “off” during the prompt photo- 
electron pulse and so removed the main 
cause of afterpulsing electrons which 
would be otherwise indistinguishable 
from the nuclear conversion electrons 
Very low energy electrons having fkght 
times of as long as 100 ns were removed 
at the electron multiplier entrance. 

Under these conditions, the crystal 
monochromator was scanned over the 
energy of the "Fe nuclear resonance 
and the counting rate plotted as a 
function of K-ray energy. The width of 
the resonance is negligible (5x 107" eV) 
compared with the band width of the 
monochromator so that the scan 
actually profiled the transmission func- 
tion of the monochromator and the 
width and shape of the response reflect 
the monochromator output. Neverthe- 
less the resonance was observed to 
occur at exactly the anticipated energy 
and was of the correct intensity. The 
authors also point out that their 
detector system can be used with ad- 
vantage to provide a study of the 
Bragg-scattering profile of crystal 
monochromators in synchrotron radia- 
tion beam lines, thus allowing mal- 
adjustment of the monochromator or 
defining slits to be corrected in situ. 

New synchrotron radiation sources 
are being designed specifically to make 
use of the synchrotron radiation rather 
than to provide high energy particles. 
In particular, the new 2 GeV storage 
ting under construction at the Dares 
bury Laboratory in the U.K. will be 
used to-study the time structure of the 
radiation. Looking further ahead, the 
European Science Foundation is cur- 
rently considering the design require- 
ments for ‘a European Synchrotron 
Radiation Facility for the 1980s. 





G. V. Marr is in the Department of 
Physics, Reading University. 
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Fibronectins—adhesive glycoproteins 


of cell surface and blood 
Kenneth M. Yamada & Kenneth Olden* 








A recently characterised class of adhesive, high molecular weight glycoproteins is present on the 
surfaces of cells, in connective tissue matrices, and in extracellular fluids. These proteins may have 
important roles in cellular adhesion, malignant transformation, reticuloendothelial system function, 


and embryonic differentiation. 





RECENT attempts to unravel the molecular mechanisms of 
cellular adhesion, malignancy, hemostasis, host defense by the 
reticuloendothelial system, and connective tissue structure have 
implicated glycoproteins with subunit molecular weights of 
200,000-250,000. These proteins are now thought to be closely 
related, and are termed fibronectins (from the Latin fibra, fibre, 
and nectere, to bind, tie)'. We shall review the discovery, struc- 
ture, and possible biological roles of these glycoproteins (for 
related reviews, see refs 2-6). 


Discovery and nomenclature 


In 1948, Morrison etal.’ isolated a partially purified fraction of 
human plasma which they termed ‘cold-insoluble globulin’. 
Other workers independently described the various proteins or 
factors listed in Table 1, which were named according to sources 
or biological activities (Table 2). Recent evidence indicates that 
all of these proteins are closely related, and that they are 
probably only one or two specific proteins—cell surface (cellu- 
lar) fibronectin, and plasma fibronectin. Cell surface fibronectin 
is a major constituent of the cell surface of many cultured cells, 
and was discovered when cell surface proteins or carbohydrates 
were labelled radioisotopically or immunologically (Tables 1 
and 3). This glycoprotein is also known as LETS protein’ or 
CSP*’, and has an apparent subunit molecular weight of 
between 200,000 and 250,000 by SDS-—polyacrylamide gel 
electrophoresis’ °. Plasma fibronectin is a dimeric glycoprotein 
with subunit polypeptides of 200,000-220,000 that circulates in 
vertebrate blood’****. Although also known as cold-insoluble 
globulin, purified plasma fibronectin is relatively soluble in the 
cold unless it is complexed with fibrin and fibrinogen” 77577-78, 

Antisera raised against the plasma or cell surface forms 
of fibronectin readily cross-react, and antibodies specific 
for only one form have not yet been described??? 
Monospecific anti-fibronectin antisera against either form 
specifically immunoprecipitate only fibronectin from cell 
homogenates’ **. Current information summarised below 
suggests that although the two forms of fibronectin are very 
similar, they are probably not identical. Whether they are 
products of different genes, or of one gene and are modified 
post-transcriptionally, is not yet known. 


Quantities and location 


Cell surface fibronectin constitutes 1-3% of total cellular pro- 
tein of embryonic or adult fibroblasts cultured in vitro. A few 
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permanent cell lines also display large amounts of fibronectin, 
but many other permanent fibroblastic lines have much smaller 
quantities that are detectable only by cell-surface labelling 
techniques”. Cell surface fibronectin has also been found on 
astroglial cells*’ and on certain cultured epithelial cells**”’. 
including blood vessel endothelial cells”! 

Cell surface fibronectin is located in striking fibrillar arrays 
on the surface of many cultured cells, as determined by im- 
munolocalisation studies with anti-fibronectin antibodies 
(Fig. D i 3346 Cell surface fibronectin extends between 
cells, and is also found between cells and the tissue culture 
substratum’””****. This localisation is consistent with a role in 
cell-cell and cell-substratum adhesiveness. In densely confluent 
cultures. cellular fibronectin forms a complex, interconnected 
extracellular matrix that may contain collagen of 
elastin’ ’°'*79-?*_ Electron microscopic localisation studies 
confirm that most of the fibronectin is present in extracellular 
fibrils and aggregates, with only small amounts present diffusely 
distributed along the outer surface of the plasma membrane of 
cells*”*****”, Most cellular fibronectin can be detached and 
separated from plasma membranes centrifuged in sucrose 
gradients***°, and as much as half can be released from living 
cells incubated in 1M urea*®^*'. Most of the protein therefore 
seems to be loosely associated with the membrane. In addition, 


Fig. 1 Cell surface fibronectin on chick abroblasts in vitro. A 


confluent culture was fixed and stained with affinity purified anti- 
fibronectin followed by fluorescein-labelled anti-immunoglobulin 
«520 
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large amounts of cellular fibronectin are also continuously 
secreted or sloughed from cells into culture media ™?07037.53-58 

Fluorescently labelled antibodies have also been used to 
determine the locations of the fibronectins in embryonic and 
adult tissues. Fibronectin is present as extracellular fibrils in 
connective tissue, in primitive mesenchyme, and in many base- 
ment membranes™™®. During embryonic development, 
fibronectin is first detectable on the cells of the blastula inner cell 
mass”'. Later in development, fibronectin is lost as mesenchy- 
mal cells differentiate into muscle, cartilage, and renal tubular 
epithelium’”’. It is not presentin hepatocytes*”™, in contrast to 
many other plasma proteins. Fibronectin is also present in 
amniotic and cerebrospinal fluids*’’®*°*, and on platelets”, 
Since anti-cell surface and anti-plasma fibronectins cross-react, 
it is important to note that most of these immunological studies 
do not indicate whether the fibronectins at each of these sites are 
the cellular or plasma form. 

Plasma fibronectin (cold-insoluble globulin) is present in 
human plasma at 0.3 mg ml“! (ref. 23). As it binds to fibrin, its 
concentrations are lower in serum”. Plasma fibronectin also 
binds to heparin, and together with fibrinogen will also form a 
cryoprecipitate®’. Plasma fibronectin can be covalently cross- 
linked to fibrinogen or to itself by plasma transglutaminase 
(activated factor XIII)**?°. Factor XIII can also covalently 
crosslink cellular fibronectin to itself°*’, 

Concentrations of fibronectin in blood are decreased after 
extensive trauma, in the disseminated intravascular coagulation 
syndrome, and after reticuloendothelial system blockade 
following injection of colloids in animals®*’*. Levels of the 
protein are often elevated in cirrhosis and the cholestasis of 
pregnancy, possibly because of defective hepatic removal”. 


Decrease after malignant transformation 


A major source of interest in fibronectin is the finding that the 
amount of cell surface fibronectin is usually decreased after cell 
lines are transformed by oncogenic viruses or carcinogens, and 
on cultured tumour cells (Table 3). However, there are excep- 
tions to this generalisation, particularly among spontaneously 
transformed cell lines (Table 3). 

The tumorigenicity (capacity to form benign or malignant 
tumours after injection into immunosuppressed or immune- 
compatible animals) of cell lines generally correlates with 
decreases in cell surface fibronectin?” 459%! although a recent 
study of closely related transformed cells grown in semi-solid 
medium has cast doubt on this relationship (P. H. Gallimore, J. 
K. McDougall, and L. B. Chen, personal communication; see 
also ref. 95). Instead, decreases in this protein may correlate 
more with the propensity of cells to metastasise*”. 

The decreases in cell-associated fibronectin after malignant 
transformation are 5- to 7-fold in chick fibroblasts and more 
than 10-fold in human fibroblasts and glial cells*°°?**. However, 
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Fig. 2 Current model of fibronectin structure. Note elongated 

shape and distribution of inter-subunit disulphide bonds, adjacent 

sites that are highly sensitive to the proteases plasmin and trypsin, 

and the blocked amino termini. The oligosaccharides consist of a 

core of N-acetylglucosamine and mannose linked to asparagine 

residues with distal galactose residues that may be linked to 
terminal sialic acid or fucose residues. 
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Table 1 Nomenclature of glycoprotein factors 


Cold insoluble globulin’ 
Anti-gelatin factor? 
Microfibrillar protein 
Opsonic protein’! 
Fibroblast surface antigen (SFA) 
Galactoprotein a ~ ”* 

Cell attachment factor (CAF, c-CAP)'®"® 

Large, external, transformation-sensitive (LETS) protein’ 
Cell surface protein (CSP)°°* 

Zeta (Z)"'* | 

Cell spreading factor”? 

Fibronectin’ 


9.10% 


12,13% 


ox 





Asterisks indicate cellular fibronectin. 


decreases of more than 10-fold in cell surface fibronectin also 
accompany the establishment of several permanent rodent cell 
lines and these decreases are not accompanied by the acquisition 
of tumorigenicity®*. The potent tumour promoter phorbol 
myristate acetate also causes a reversible loss of fibronectin'”'. 

It is obviously important to resolve whether there is any direct 
causal relationship between decreases below specific quantities 
of cell surface fibronectin and the propensity of cells to form 
tumours or to metastasise. 


Functions of the fibronectins in adhesion 


Fibronectins are thought to be involved in a wide variety of 
cellular activities (Table 2). The simplest unifying interpretation 
of these findings is that the fibronectins function as adhesive 
proteins that bind cells to other cells or to substrata (Fig. 3). This 
conclusion is based on experiments in vitro utilising model 
systems of cellular adhesion, in which purified fibronectin is 
found to increase the adhesion of cells to cells or to the substrata 
on which they are grown. 

The first evidence suggesting that cellular fibronectin may 
play a part in cell-cell. adhesiveness was the finding that 
fibronectin purified from cell surfaces behaves like a lectin and 
readily agglutinates fixed sheep erythrocytes in concentrations 
as low as | wg protein per ml (refs 50, 58). Purified cellular 
fibronectin binds directly to fixed erythrocytes and can be 
recovered intact’’. Proteases and chelating agents destroy the 
agglutinin activity; these agents are known to disrupt cell-cell 
adhesion". Purified cell surface fibronectin can also increase the 
aggregation of living dissociated chick embryo and baby hamster 
kidney (BHK) cells’®*. 

Purified cell surface fibronectin can also mediate the attach- 
ment of dissociated cells to collagen'’’°*. Treatment with cellu- 
lar fibronectin also increases the extent or attachment or the 
resistance to detachment of several transformed cell lines to 
plastic tissue culture substrata’®'°*'°* (see also ref. 105). 

Serum factors are required for the attachment of certain cells 
to collagen-coated dishes'®’7'°°"°”- or for cells to attach and 
spread on tissue culture dishes'’*"''’. These cell attachment and 
cell spreading factors are now thought to be serum fibronectin 
(cold insoluble globulin} 1>". Such serum factors can bind 
directly to collagen or tissue culture dishes in the absence of 
cells'® 17208-19818 The fibronectin-mediated attachment of cells 
to collagen or spreading on to plastic substrata requires divalent 
cations such as calcium and the expenditure of cellular metabolic 
energy © '*:1°-!98 Certain cells with high levels of cell surface 
fibronectin do not require serum fibronectin for spreading’. 
These cells may use cell surface fibronectin, since cellular 
fibronectin is equally active in promoting cell spreading and 
attachment to collagen'”’. 

Both plasma and cell surface fibronectins can be purified by 
affinity chromatography on columns to which denatured 
collagen has been covalently coupled '®7? 97153-17223, Denatured 
collagens types I, H, and III are substantially more effective in 
binding plasma fibronectin than native collagens’’*’'’. The 
specific sites of interaction of plasma fibronectin with denatured 
collagen consist of a strong binding site at residues 643-819 of 
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the collagen al chain, plus several other weaker sites 71), 
Type III is the most effective native collagen in binding plasma 
fibronectin'’®!*”. The physiological significance of these 
differences in binding is not yet known. 

Plasma fibronectin may play an important part in the removal 
of collagenous and other debris from blood after injury via the 
sessile macrophages of the reticuloendothelial system. An 


extensive series of experiments had identified an ‘opsonic pro- | 


tein’ in plasma that was involved in reticuloendothelial system 
clearance of injected gelatin-coated colloidal particles from 
bloodi!6=71-11%-121. Other independent studies had identified an 
i gelatin factor’ ın serum that would bind to gelatin, and that 

uired for macrophage ingestion of denatured 
collagen 122133 Both the opsonic protein and anti-gelatin factor 
have been purified recently, and both seem to be identical to 
plasma fibronectin (cold-insoluble globulin}??? 

Are all of these biological activities of the fibronectins shared 
by plasma and cell surface forms? Recent experiments suggest 
that althou ugh both proteins are equally active in promoting cell 
spreading” and attachment to collagen, cellular fibronectin is 
more effective in haemagglutination and in restoring adhesive- 
ness and normal morphology to transformed fibroblasts (see 
below). Nevertheless, it is clear that both fibronectins display 
adhesivity. 


Reconstitution and inactivation experiments 


A potentially more general approach to determining the 
functions of the cell surface form of fibronectin is to reconstitute 
it experimentally on the surface of cells missing this protein, 
that is, on to transformed ceils. These experiments can help to 


identify which of the alterations in cell morphology or behaviour | 


occurring after cells are transformed could be due to the loss of 
this protein. 

In 14 transformed fibroblastic cell lines examined to date, 
purified cellular fibronectin partially restores a more normal 
fibroblastic appearance to the cells‘*°*'%' The effects 
include restoration of the flattened cell shape, elongated pro- 
cesses, smooth cell surface, and prominent intracellular bundles 
of microfilaments containing actin and myosin that are charac- 
teristic of normal fibroblasts in vitro T10 In these 
experiments, amounts of cell surface fibronectin equal to those 
present on freshly explanted fibroblasts can be restored to the 
transformed cells‘, although the reconstituted fibronectin may 
not bind as efficiently as originally’. The reconstituted 
fibronectin seems to be e present in normal sites as evaluated by 
immunofluorescence™~ and by its capacity to undergo normal 
antibody-induced redistribution after 
ujibronectin antibodies™ (see below). ` 


incubation with 





Table 2 Biological activities of the fibronectins 


Celi-cell aggregation 


Cellsubstratum adhesiveness 
Collagen substratum* . . 
Plastic substratum | 
Cell spreading” 
Reversion of transformed phenotype 
Cell alignment and overlapping 
Fibroblastic morphology 
Cell surface morphology 
Microfilament bundle organisation 
Increased cell motility 
Reticuloendothelial system clearance of colloids 
Liver 
Isolated macrophages 
Specific binding to macromolecules 
Collagen (denatured and type IN natıve)* 
Fibrin and fibrinogen 
Hepann 


Astermks indicate activity known to be shared by both plasma ahd 
cellular fibronectins. 
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Fig. 3 Suggested relationship of cellular fibronectin to several 

biological activities (see refs 3, 102, 171 fordiscussion of evidence 

for this hypothetical scheme). The central activity of fibronectin 
would be to increase cell-cell and cell-s. betratum adhesion. 


Besides aftecting morphology, fibronectin treatment can 
restore a more normal! social behaviour in vitro. For example, 
transformed fibroblastic cells tend to grow in relatively random 
patterns with cell bodies criss-crossing over one another, 
whereas normal fibroblasts tend to align in parallel arrays of 
cells. Fibronectin-reconstituted transformed cells show a 
restoration of this social alignment in approximately half of the 
cell lines tested*©'*>™, This defect in social behaviour is a 
common characteristic of cells transformed by oncogenic viruses 
and may result from a decrease in cell adhesion or to changes in 
specific cell recognition events such as contact inhibition of 
movement'*"'*, Another factor involved in maintaining cell 
alignment is released from cells by 0.2M urea treatment”; 
however, this factor and fibronectin are clearly different mole- 
culeg n., 

Fibronectin-treated cells also migrate more rapidly, both as 
single cells or as masses of cells migrating out from cell 
aggregates 0>, These effects could be the result of estab- 
lishing more effective cell-to-substratun traction’”, or of a 
more asymmetric cell shape that promotes directed cell 
movements 76103133 

A complementary approach to investigating the biological 
activity of fibronectin is to incapacitate it with proteases or 
anti-fibronectin antibodies. Treatment o? chick fibroblasts with 
purified antibody results in a rapid alteration in cell shape to a 
rounded morphology resembling that of many transformed cells 
that are deficient in cellular fibronectir™. Cells treated with 
proteases that do not remove fibronec“in tend to aggregate, 
whereas its removal results in cell recraction without such 
aggregation ™. These results are also consistent with a role for 
fibronectin in cell adhesion. . 

Cellular fibronectin does not appear -o directly control cell 
growth rates, nutrient transport, or cyclic AMP levels. For 
example, these changes could not be reverted to normal after 
fibronectin treatment of transformed cel. 3*4°*1099, 

Protease experiments also provide additional evidence 
against a direct role for fibronectin in growth regulation. For 
example, treatment with papain or thermolysin removes all 
detectable fibronectin from the cell surface, but does not 
activate growth of chick fibroblasts'*. Conversely, thrombin 
activates cell division without removing cellular fibronec- 
tin, Insulin treatment can also stimulate mitosis without 
decreasing fibronectin”. 


Structure and composition 


A current mode! for the structure of the f bronectins is shown in 
Fig. 2. Both plasma and cell surface fibronectins are probably 
elongated rather than globular proteins***'™ (contrast ref. 6). 
Plasma fibronectin is a dimer of two polypeptides of 220,000 
each****, Its subunits may not be idencical, since analysis of 
plasma fibronectin after reducing disulphide bonds reveals a 
closely. spaced doublet band**”*, Cell surface fibronectin exists 
both as disulphide-bonded dimers and oultimers*)!**"“°, The 
interchain disulphide bridge(s) of both fcrms of fibronectin are 
confined to one end of the molecule, probably the carboxyl 
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Table 3 Effects of transformation on cell surface fibronectin 





Agent 
Species and Fibronectin Not l 
cell type decreased decreased Refs 
Chicken 
Embryo fibroblast Rous sarcoma virus (8), B77 avian sarcoma a 15, 40, 49, 53, 55, 
virus, avian erythroblastosis virus 74-80 
Hamster 
Embryo fibroblast Carcinogen (3) == 81 
Embryo kidney Adenovirus == 29 
Nil Hamster sarcoma virus, polyoma virus -_ 8, 82-84 
Spontaneous (9) Spontaneous. 18 
BHK Polyoma ~~ 8&2, 85, 86 
Tumour explant Spontaneous — © 29 
Human 
Embryo fibroblast SV40 — 52 
Tumour explants Spontaneous (13) oe 29, 30, 52, 87 
Mouse | | 
Embryo cells — Spontaneous 88 
373 S$V40, polyoma virus, Moloney sarcoma $V40 cell mutant, polyoma virus 89-91 
| virus 
C3H/10T 1/2 Carcinogen Carcinogen (3) 92 
Explants Spontaneous (3), [L929] Spontaneous (2), [L929] 29,87, 93-95 
. Tumour explants Spontaneous (11), carcinogen — 29, 87 
Rat 
Embryo fibroblast Adenovirus (4), Rous sarcoma virus Adenovirus 29 
F111 fibroblast Carcinogen (2) Polyoma virus 96 
NRK Rous sarcoma virus, B77 — 74,97 
Embryo myoblast Adenovirus — 29 
L8 myoblast Rous sarcoma virus (3), B77 _ 98 
Tumour explants Spontaneous (2) oo 29 


Totals 77 





Numbers in parentheses indicate the number of different strains or independent variants of each agent examined, if greater than 1. 


terminus™®?0%107.2141142 This asymmetric location may serve to 
increase the asymmetry of the molecule. Reduction of 
disulphide bonds inhibits the effects of cellular fibronectin on 
cell-substratum adhesion’**. The amino termini of both forms 
are blocked**’**', and their amino acid and carbohydrate 
compositions are very similar”® 71144145, 

Information about the secondary and tertiary structures of 
these proteins are provided by circular dichroism and fluores- 
cence measurements, respectively. Circular dichroism reveals 
little evidence for regular secondary structure in both molecules, 
since the optical activity is unusually low’?'**. Nevertheless, 
some folded regions appear to be present, since the tryptophan 
fluorescence spectrum suggests that at least some of the tryp- 
tophan residues are buried in hydrophobic regions of struc- 
ture’**, Heating exposes the tryptophan sidechains, and 
destroys fibronectin’s agglutinating activity’”'**. The fibronec- 
tins therefore appear to be floppy, asymmetric molecules, with 
localised regions of folding that may be important for adhesive 
activity. 

Direct comparisons of the structures of fibronectins isolated 
from plasma and culture medium (which contains cell surface 
fibronectin secreted by cells) reveal very similar isoelectric 
points, migration in SDS—polyacrylamide gels, and cyanogen 
bromide cleavage products for proteins from these sources'*”. 
However, there are several reports of slight differences in 
electrophoretic mobility between cellular and plasma 
fibronectins’’*’'*", and in some gel systems, the plasma form 
can be resolved as a doublet, whereas the cellular form is a single 
broad band” "Pr". 

The solubilities of the two proteins also differ. The plasma 
form is soluble at neutral pH**, whereas the cellular form is 
insoluble unless the pH is elevated to pH 11 or it is treated with 
strong denaturing agents’*°''**'*”, The insolubility of cellular 
fibronectin may account for its aggregated distribution on the 
cell surface. i | 


What accounts for these differences in solubility and elec- 
trophoretic mobility? Differences may exist in the amino termini 
of these proteins. For example, the differences in electro- 
phoretic mobilities between these proteins are preserved even 
after the putative carboxyl terminal disulphide bonds are 
cleaved from the molecule by limited proteolysis with trypsin”. 
Human and bovine plasma fibronectins have amino terminal 
pyroglutamate residues**”°, whereas chick cellular fibronectin 
does not”’. One current speculation is that the two forms of 
fibronectin may be the same gene product, but the surface form 
is proteolytically processed to the slightly smaller plasma form. 
Alternatively, they may be produced by separate genes arising 
from gene duplication. Several laboratories are actively investi- 
gating these possibilities. 


Carbohydrates of the fibronectins 


The carbohydrates on cell surface fibronectin consist primarily 
of the ‘complex’ type of oligosaccharide linked by N-glycosidic 
bonds to asparagine. There are probably an average of 4—6 such 
oligosaccharide groups per molecule, containing terminal 
galactose, sialic acid, and fucose residues’'’**"**. The structure 
of the carbohydrate moieties of the plasma form of fibronectin 
are not known, although the compositions of the two forms are 
similar?*°) 14: !49. 

Treatment of cells with the antibiotic tunicamycin specifically 
blocks the formation of this class of oligosaccharide. Chick 
fibroblasts treated with tunicamycin produce unglycosylated 
fibronectin, and total amounts of this protein are substantially 
decreased'**'*°. The decrease is not due to altered synthesis or 
secretion, but instead to increased proteolytic degradation". 
These results suggest that for cellular fibronectin, carbohydrates 
are not necessary for synthesis, processing, or secretion, but 
instead may function to protect the protein from proteolytic 
attack by cellular proteases. 
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Regulation of fibronectin 


Quantities of cell surface fibronectin vary as cells traverse the 
cell cycle. Fibronectin levels are lowest on cells in mitosis by 
both radioactive surface labelling and immunofluorescence cri- 
teria, even though intracellular levels of fibronectin do not 
appear to vary significantly'?**°°**. This finding is of interest, 
since cells in mitosis also resemble transformed cells with respect 
to morphology, agglutinability by lectins, glycopeptide size, and 
loss of contact inhibition of movement’. 

Even though fibronectin is decreased on cells during mitosis, 
the turnover rate of cell surface fibronectin is substantially 
longer than the cell cycle in chick cells (half remains after 36 h 
with an 18 h generation time; refs 55, 152; see also refs 21, 77, 
86, 153). This apparent paradox could be explained if cells 
temporarily release themselves from the matrix of cell surface 
fibronectin during mitosis, and spread back into and rebind the 
same matrix as they re-flatten following cell division. 

Growth conditions also influence quantities of cell surface 
fibronectin. For example, nonproliferating cells in dense 
cultures in the G1 phase of the cell cycle generally have 
larger amounts of fibronectin than rapidly growing 
cells'>:19-47-83-85.86.93.98 Cells prevented from dividing by serum 
deprivation can have either elevated"? or substantially reduced 
amounts of cell surface fibronectin'**, Mouse 3T3 cells cultured 
in media containing lowered concentrations of serum have little 
fibronectin; cell surface fibronectin levels are restored after 
treatment with epidermal growth factor, but not by other 
hormones'**. Fibronectin production by human fibroblasts is 
also reportedly stimulated by thrombin’. 

How fibronectin becomes depleted on the cell surface after 
malignant transformation has been studied in detail. Increased 
cell proteases after transformation cannot alone account for the 
loss of fibronectin®*®”"°°. In chick fibroblasts transformed by 
several strains of tumour virus, the major factor in the decrease 
was found to be decreased biosynthesis’, apparently due to 
decreased amounts of translatable messenger RNA'‘*’. 
However, other factors also contribute to the decreases in 
fibronectin, including an increased rate of proteolytic 
degradation’'**”’ and a decreased capacity to bind the protein 
to the cell surface**. In hamster cells, major factors in the loss of 
fibronectin after transformation also appear to be reduced 
biosynthesis and increased degradation’®’’**. However, in 
human transformants, decreased capacity to retain the protein 
on the cell surface may be more important than its decreased 
synthesis*”**. 

Amounts of fibronectin on the cell surface are also regulated 
during embryonic differentiation. As in vivo”, differentiation of 
muscle or cartilage cells in vitro is accompanied by a decrease in 
fibronectin on the cell surface*”'°?'®° (contrast ref. 98). 
Dedifferentiation of chondrocytes results in increased amounts 
of fibronectin'®”'’*. Experimental addition of cellular fibronec- 
tin to chondrocytes results in cells morphologically similar to 
undifferentiated mesenchymal cells that no longer synthesise the 
large amounts of sulfated proteoglycans characteristic of 
differentiated chondrocytes'’*. Programmed losses of cellular 
fibronectin may, therefore, be a prerequisite for differentiation 
of certain cells. 

These studies on the regulation of fibronectin levels on the cell 
surface indicate that control can be exerted by a variety of events 
including altered growth conditions, transformation, hormonal 
stimulation, and embryonic differentiation. This regulation may 
occur through altered synthesis, turnover, or binding to the cell 
surface. 


Relationship of fibronectin to cytoskeletal 
and membrane components 


The overall organisation of cell surface fibronectin into 
fibrillar patterns parallel to the long axis of cells is roughly 
similar to that of intracellular microfilament bundles*’. 
However, immunofluorescence studies comparing fibronectin 
and actin localisation patterns have shown that the two patterns 







need not coincide (ref 32 and our unpublished results}, Thes 
findings suggest that there may not be direct transmembrane. 
connections between microfilament bundles and all of the sur- 
face fibronectin. , 

However, indirect associations or discrete attachment points 
may occur. For example, cell surface fibronectin is concentrated 
on the lower surface of cells*®’, and particularly in the adhesive 
attachment sites of cells to substrata'®’. Treatment of cells with 
low concentrations of proteases or anti-fibronectin can result in 
cell rounding and in a loss of microfilament bundle organisa- 
tion**'*?. Treatment of transformed cells missing microfilament 
bundles with fibronectin permits reorganisation of intracellular 
microfilament bundles*°'’™, perhaps due to increased cell- 
substratum adhesion that permits anchoring of these bundles 
(Fig. 3). 

Conversely, cytoskeletal elements may also affect the 
organisation of cellular fibronectin. Treatment of cultured cells 
with cytochalasin results in a release of fibronectin from the 
cells, suggesting a possible requirement for microfilament 
integrity in maintaining fibronectin organisation’*'®, Treat- 
ment of cells with anti-fibronectin can result in antibody- 
induced redistribution of fibronectin'®° to ‘caps’ of antigen on 
the upper surfaces of cells”. This process requires metabolic 
energy, and is inhibited by a combination of colchicine and 
cytochalasin*’; cytoskeletal elements may also be involved in 
this redistribution. More detailed analyses of the ultrastructural 
and biochemical relationships of these proteins should provide 
further insight into fibronectin-cytoskeletal interactions. 

Fibrillar networks of cell surface fibronectin are relatively 
immobile by comparison with mobility of other cell surface 
components. For example, receptors for concanavalin A move 
with a diffusion constant of 4 x 107'' cem” s”', while fibronectin’s 
is <5x10° (ref. 42). As cellular fibronectin is relatively 
immobile, it might inhibit the mobility of other components of 
the cell surface. The movement of gold particles on the upper 
surfaces of 3T3 cells is inhibited by fibrils of cellular fibronec- 
tin’®’, In contrast, the mobilities of a ganglioside analog, a lipid 
probe, and a mixture of surface antigens are not affected by the 
presence of fibronectin fibrils**. It is therefore possible that 
fibrillar networks of fibronectin affect interactions of cells with 
large objects such as particles, cell processes, or substrata, 
whereas smaller membrane components remain unaffected. 
These results are consistent with the location of fibronectin 
fibrils close to, but not necessarily tightly apposed to, the plasma 
membrane. 


Future prospects 


Although we know the overall structure, location, and probable 
general functions of the fibronectins, many important questions 
remain. For example, although the fibronectins are adhesive 
proteins, it is not clear how they function in vivo---for example 
in organising the extracellular matrix, cell migration, wound 
healing, macrophage ingestion of colloids, hemostasis, and 
embryogenesis. Is this protein directly involved in inhibiting 
tumorigenicity or metastasis in vivo? Is its role in the reticulo- 
endothelial system confined to the removal of collagenous 
debris, or does it play a wider role in host defense t"??? Other 
interesting problems concern the precise differences in structure 
and regulation of the plasma and cell surface forms of fibronec- 
tin, their possible relationships to other more specific adhesive 
molecules that appear at precise times in vertebrate embryonic 
development'”®, and the biophysical mechanisms by which these 
proteins can bind to cells and to substrata. 


1. Kuusela, P., Ruosiahti, E., Engvall, E. & Vaheri, A. foununochemisiry 15, 639-642 
(1976). 

. Hynes, R. O. Biochim. biophys. Acta 458, 73-107 (1976). 

. Yamada, K. M. & Pastan, I. Trends Biochem. Sci. 1, 222-224 (1976). 

Mosesson, M. Thrombos. Haemostas. 38, 742-750 (1 77}. 

. Grinnell, F. Int. Rev. Cytol. §3, 65-144 (1978). 

. Vaheri, A. & Mosher, D. F. Biochim. diophys. Acta Ga the press}. 

. Morrison, P., Edsall, R. & Miller, $. G. J. Am. chem. Soc. 70, 3163~3108 (1948). 

Wolff, I., Timp], R., Pecker, I. & Steffen, C. Vox Sang. 12, 443-446 (1967). 

. Ross, R. & Bornstein, P. J. Celi Biol, 40, 366-381 (1969). 

. Muir, L. W.. Bornstein, P. & Ross, R. Eur. J. Biochem. 64, 165-114 (1976). 


OO GO a Oh Un me Wo 


deed 





184 


. Allen, C., Saba, T. M. & Molnar, J. J. reticuloendothel. Soc. 13, 410-423 (1973). 
. Ruoslahti, E., Vaheri, A., Kuusela, P, & Linder, E. Biochim. biophys. Acta 322, 352-358 


(1973). 


. Ruosiahti, E. & Vaheri, A. Nature 248, 789-791 (1974). 

. Gahmberg, C. G. & Hakomori, S. Proc. natn. Acad. Sci. U.S.A. 70, 3329-3333 (1973). 
. Gahmberg, C. G. & Hakomori, S. Biochem. biophys. Res. Commun. 59, 283-291 (1974). 
. Klebe, R. J. Nature 256, 248-251 (1974). 

. Pearlstein, E. Nature 262, 497-500 (1976). 

. Klebe, R. J. et al. Expl Cell Res. 104, 119-125 (1977), 

. Hynes, R. O. & Bye, J. M. Cell 3, 113-126 (1974). 

. Yamada, K. M. & Weston, J. A. Proc. natn. Acad. Sci. U.S.A. TE, 3492-3496 (1974). 

. Robbins, P. W. et al. Cold Spring Harb. Symp. quant. Biol, 39, 1173-1180 (1974). 

. Grinnell, F. Expl Cell Res. 97, 265-274 (1976). 

. Mosesson, M. W. & Umfleet, R. A. J. biot. Chem. 248, 5728-5736 (1970), 

. Mosesson, M. W., Chen, A. B. & Huseby, R. M. Biochim. biophys. Acta 386, 509-524 


(1975). 


. Mosher, D. F, J. biol. Chem. 250, 6614-6621 (1975). 

. Iwanaga, $., Suzuki, K. & Hashimoto, S. Amn. N.Y. Acad. Sci. 312, 56-73 (1978). 

. Ruoslahti, E. & Vaheri, A. J. exp. Med. 141, 497-501 (1975). 

. Stemberger, A. & Hormann, H. Hoppe-Seyler’s Z., physiol. Chem. 387, 1003-1005 (1976). 
. Chen, L. B., Gallimore, P. H. & McDougall, J. K. Proc. nam. Acad. Sci. U.S.A. 73, 


3570-3574 (1976). 


. Vaheri, A., Ruosiahti, E., Westermark, 8. & Ponten, J. J. exp. Med. 143, 64-72 (1976). 
. Burridge, K. Proc. natn. Acad. Sci. U.S.A. 73, 4457-4461 (1976). 

. Mautner, V. M. & Hynes, R. O. Z Cell Biol. 78, 743-766 (1977), 

. Hedman, K., Vaheri, A. & Wartiovaara, J. J. Cell Biot. 76, 748-760 (1978). 

. Yamada, K. M. J. Cell Biol. 78, 520-541 (1978). 

. Yamada, K. M., Yamada, S. S. & Pastan, L J. Cell Biol. 74, 649-054 (1977). 

. Chen, L. B., Maitland, N., Gallimore, P. H. & McDougall, J. K. Exp! Cell. Res. 106, 39-46 


(1977). 


. Crouch, E., Balian, G., Holbrook, K.. Duksin, D. & Bornstein, P. J. Cedi Biol. (in the press). 
. Birdwell, C. R., Gospodarowiez, D. & Nicholson, G. L. Proc. natn. Acad. Sci, U.S.A. TS, 


3273-3277 (1978). 


. Jaffe, E. A. & Mosher, D. F. J. exp. Med. 147, 1779-1791 (1978). 
. Wartiovaara, J., Linder, E., Ruoslahti, E. & Vaheri, A. J. exp. Med. 140, 1522-1533 


(1974). 


. Bornstein, P. & Ash, J, F. Proc. nam. Acad. Sci. U.S.A. 74, 2480-2484 (1977). 

. Schlessinger, J. et al. Proc. natn. Acad. Sci. U.S.A. 74, 2909-2913 (1977). 

. Stenman, S., Wartiovaara, J. & Vaheri, A, J. Cell Biol. 74, 453-467 {1977}, 

. Chen, L. B.. Murray, A., Segal, R. A., Bushnell, A. & Walsh, M. L. Cell 14, 377-391 


(1978), 


. Chen, L. B. eral Ann. N.Y. Acad. Sci. 312, 366-381 (1978). 
. Bornstein, P., Duksin, D., Balian, G., Davidson, J, & Crouch, E. Ann. N. Y. Acad. Sci. 342, 


93-105(1978). 


. Furcht, L. T., Mosher, D. F. & Wendelschafer-Crabb, G. Cell 13, 263-271 (1978). 

. Graham, J. M., Hynes, R. O., Davidson, E. A. & Bainton, D. F. Cell 4, 353-365 (1975). 
. Marciani, D. J. & Bader, J. P. Biochim. biophys. Acta 401, 386-398 (1975). 

. Yamada, K. M., Yamada, S. S. & Pastan, |. Proc. natn. Acad. Sci. U.S.A. 172, 3158-3162 


(1975). 


|. Yamada, K. M., Schlesinger, D. H., Kennedy, D. W. & Pastan, I. Biochemistry 16, 


5552-5559 (1977). 


. Vaheri, A. & Ruoslahti, E. J. exp. Med. 142, 530-535 (1975). 
. Critchley, D. R., Wyke, J, A. & Hynes, R. O. Biochim. biophys. Acta 436, 335-352 (1976). 


Sear, C. H. J., Grant, M. E, & Jackson, D.S. Biochem. biophys. Res. Commun. 71, 379-384 
(1976). 


, Olden, K. & Yamada, K. M. Ceil 11, 957-969 (1977). 
. Ali, i U., Mautner, V. M., Lanza, R. & Hynes, R. O. Cell UL, 115-126 (1977). 
. Mosher, D. F., Saksela, O., Keski-Oja, J. & Vaheri, A. J. supramolec. Structure 6, 551-664 


(1977). 


. Baum, B. J., McDonald, J. A. & Crystal, R. G. Biochem. biophys. Res. Commun. 79, 8-15 


(1977). 


. Linder, E., Vaheri, A., Ruoslahti, E. & Wartiovaara, J. J. exp. Med. 142, 41-49 (1975). 
. Stenman, S. & Vaheri, A. J. exp. Med. 147, 1054-1064 (1978). 

. Zetter, B. R. & Martin, G. R. Proc. nain. Acad. Sci. U.S.A. 78, 2324-2328 (1978). 

. Wartiovaara, F, Stenman, S. & Vaheri, A. Differentiation $, 85-89 (1976). 

. Chen, A. B.. Mosesson, M. W. & Solish, G. i, Am. J. Obstet. Gynecol. 7, 958-961 (1976). 
. Kuusela, P., Vaheri, A., Palo, J. & Ruostahti, E. J. Lad. clin. Med. {in the press). 

. Stathakis, N. E. & Masesson, M. W. J. clin. Invest. 60, 855-865 (1977). 

. Keski-Oja, J., Mosher, D. F. & Vaheri, A. Cell 9, 29-35 (1976). 

. Mosher, D. F. Biochim. biophys. Acta 491, 205-210 (1977). 

. Aronsen, K. F., Ekelund, G., Kindmark, C. O. & Laurell, C. B. Scand. J. clin. Lab. Invest. 


29, Suppl. 124, 127-136 (1972). 


. Kaplan, J. E., Molinar, J., Saba, T. M. & Allen. C. J, reticuleondothel. Soc. 20, 375-384 


(1976). 


. Kaplan, J. E. & Saba, T. M. Am. J. Physiol. 230, 7-14 (1976). 
. Blumenstock, F., Weber, P., Saba, T. M. & Lafin, R. Am. J. Physiol., Regulatory 


Integrative Comp. Physiol. 1, R80-RB7 (1977). 


. Mosesson, M. W. Ann. N.Y. Acad. Sci, 312, 11-30 (1978). 
. Forkman, B., Ganrot, P, O., Gennser, G. & Rannevik, G. Scand. J. clin. Lab. Invest. 29, 


Suppl. 124, 89-96 (1972). 


, Stone, K. R., Smith, R. E. & Joklik, W. K. Virology $8, 86-100 (1974). 
. Wickus, G. G., Branton, P. E. & Robbins, P. W. in Proliferation in Animal Cells (eds 


Clarkson, B. & Baserga, R.} (Cold Spring Harbor Laboratory, New York, 1974). 


. Vaheri, A. & Ruoslahti, E. Int. J. Cancer 13, 579-586 (1974). 

. Hynes, R. O. & Wyke, J. A. Virology 64, 492-504 (1975). 

. Keski-Oja, J., Vaheri, A. & Ruoslahti, E. Du. J. Cancer 17, 261-269 (1976). 

. Hawkes, S. P., Meehan, T. D. & Bissell, M, J. Biochem. biophys. Res. Commun. 68, 


1226-1233 (1976), 


. Royer-Pokora, B. et al. Cell 13, 751-766 (1978). 
. Clarke, S. M. & Fink, L. M. Cancer Res. 37, 2985-2992 (1977). 
. Hynes, R. O. Proc. natn. Acad, Sci, L.S.A. 70, 3170-3174 (1973). 


Critchley, D. R. Cell 3, 121-125 (1974) 


, Hynes, R. O., Wyke, J. A., Bye, J. M., Humphryes, K. C. & Pearlstein, E. S. in Proteases 


and Biological Control (Cold Spring Harbor Laboratory, New York, 1975). 


. Gahmberg, C. G., Kiehn, D. & Hakomori, S. Nature 248, 413-415 (1974). 
. Peartstein, E. & Waterfield, M. D. Biochim. biophys. Acta 362, 1-12 (1974). 
. Pearlstein, E., Hynes, R. O., Franks, L. M. & Hemmings, V.J. Cancer Res. 36, 1475-1480 


(1976). 


. WanNest, G. A. & Grimes, W. J. Biochemistry 16, 2902-2907 (1977). 

. Hogg, N. W. Proc. natn, Acad. Sci, U.S.A. 71, 489-492 (1974). 

. itaya, K. & Hakomori, S$, FEBS Lew, 66, 65-69 (1976). 

. Shopsis, C. & Sheinin, R. Biochim. biophys. Acta 433, 101-1 17 (1976). 


. Jones, P. A. et al, Cancer Res. 36, 2863-2867 (1976). 
_ Hunt, R. C., Gold, E. & Brown, J. C. Biochim. biophys. Acta 413, 453-458 (1975). 


Nature Vol. 275 21 September 1978 


. Olden, K., Willingham, M. & Pastan, I. Cell B, 383-390 (1976). 

. Marciani, D. J., Lyons, L. B. & Thompson, E. B. Cancer Res. 36, 2937-2944 (1976), 

. Noonan, K. D., Wright, P. J., Bouck, N. & DiMayorca, G. J. Virol. 18, 1134-1138 (1976). 
. Rieber, M. & Irwin, J. C. Cancer Res. 34, 3469-3473 (1974). 

. Hynes, R. O., Martin, G. S., Shearer, M., Critchley, D. R. & Epstein. C. J. Devl Biol. 48, 


35-46 (1976). 


. Gallimore, P. H., McDougall, 1. K. & Chen, L. B. Cell 10, 669-678 (1977). 

. Becker, D., Kurth, R. Critchley, D., Friis, R. & Heinz, B, J. Virol. 24, 1042-1055 (1977). 
. Blumberg, P. M., Driedger, P. E. & Rossow, P. W. Nature 264, 446-447 (1976). 

. Yamada, K. M., Olden, K. & Pastan, I. Ann. N.Y. Acad. Sci. 342, 256-277 (1978). 

. Yamada, K. M., Yamada, S. S. & Pastan, I. Proc. natn. Acad. Sci. U.S.A. 73, 1217-1221 


(1976). 


. Willingham, M. C., Yamada, K. M., Yamada, S, S., Pouyssegur, J. & Pastan, L Cell 10, 


375-380 (1977). 


. Millis, A. J. F. & Hoyle, M. Nature 271, 668-669 (1978). 

. Klebe, R. J. J. cell. Physiol. 86, 231-236 (1975). 

. Hynes, R. O. et al. Ann. N.Y. Acad. Sci. 312, 317-342 (1978). 

. Grinnell, F. Expl Cell Res. 97, 265-274 (1976). 

. Grinnell, F. Expi Cell Res. 102, 51-62 (1976). 

. Grinnell, F., Hays, D. G. & Minter, D. Expl Cell Res. 110, 175-190 (1977). 

. Hook, M., Rubin, K.. Oldberg, A., Obrink, D. & Vaheri, A. Biochem. biophys. Res. 


Commun. 79, 726-733 (1977). 


. Grinnell, F. & Hays, D. G. Expl Cell Res. (in the press). 
. Pena, $. D, J. & Hughes, R. C. Cell Biol. International Repts (in the press). 
. Macarak, EJ., Kirby, E., Kirk, T. & Kefalides, N, A. Proc. nate. Acad. Sei. U.S.A. 78, 


2621-2625 (1978). 


. Engvall, E. & Ruoslahti, E. Int. J. Cancer 20, 1-5 (1977). 

. Dessau, W., Adelmann, B. C., Timp], R. & Martin, G. R. Biochem. J. 169, 55~59 (1978). 
. Engvall, E., Ruoslahti, E. & Miller, E. J., J. exp. Med. 147, 1584-1595 (1978). 

. Kleinman, H. K., McGoodwin, E. B. & Kiebe, R. 1. Biochim. biophys. Res. Commun. 72, 


426-432 (1976). 


. Blumenstock, F., Saba, T. M., Weber, P. & Cho, E. J. reticuloendothel. Soc. 19, 157-172 


(1976). 


. Blumenstock, F., Weber, P. & Saba, T. M. J. biol. Chem. 252, 7156-7162 (1977). 

. Blumenstock, F. A., Saba. T. M. & Weber, P. J. reticuloendothel. Soc. 23, 119-134 (1978). 
. Maurer, P. H. J. exp. Med, 100, 497-513 (1954), 

. Hopper, K. E., Adelman, B. C., Gentner, G. & Gay, S. Immunology 30, 249-259 (1976). 
. Dessau, W., Jilek, F. Adelmann, B. C. & Hormann, H. Biochim. biephys. Acta $33, 


227-237 (1978). 


. Saba, T. M., Blumenstock, F. A., Weber, P. & Kaplan, J. E. Ann. N.Y. Acad. Sci. 312, 


43-55 (1978). 


. Blumenstock, F. A., Saba, T. M., Weber, P. & Laffin, R. J. biol. Chem. 253, 4287--4291 


(1978). 


. Yamada, K. M., Ohanian, $. H. & Pastan, I. Cell 9, 241-245 (1976). 

. Abercrombie, M. In Vitro 6, 128-142 (1970). 

. Weber, M. 3., Hale, A. H. & Losasso, L. Cell 10, 45-51 {1977} 

. Bell, P. B. J. Cell Biol. 74, 963-982 (1977). 

. Weston, J. A. & Hendricks, K. L. Proc. natn. Acad. Sci. U.S.A. 69, 3727-3731 (1972). 
. Pouyssegur, J., Willingham, M. & Pastan, I. Proc. natn. Acad. Sci. U.S.A. 74, 243-247 


(1977). 


. Ah, I U. & Hynes, R. O. Cell 14, 439-446 (1978). 

. Zetter, B, R.. Chen, L. B. & Buchanan, J. M. Cell’ 7, 407-412 (1976). 

. Yamada, K. M. & Pastan, I. J. Cell, Physiol. 89, 827-830 (1976). 

. Teng, N. N. H. & Chen, L. B. Proc. natn. Acad. Sci. U.S.A. 72, 413-417 (1975). 

. Blumberg, P. M. & Robbins, P. W. Cell 6, 137-147 (1975). 

. Alexander, S. S., Colonna, G., Yamada, K. M., Pastan, I & Edelhoch, H. J. biol. Chem. (in 


the press). 


. Keski-Oja, J., Mosher, D. F. & Vaheri, A. Biochem. biephys. Res. Commun. 74, 699-706 


(1977). 


. Hynes, R. O. & Destree, A. Proc. natn. Acad, Sci. U.S.A. 74, 2855-2859 (1977). 
. Chen, A. B., Amrami, D. L. & Mosesson, M. W. Biochim. biophys. Acta 493, 310-322 


(1977). 


. Jilek, F. & Hormann, H. Hoppe -Seyler's Z. physiol. Chem. 389, 247-250 (1978). 

. Ah, L U. & Hynes, R. O. Biochim. biaphys. Acta $10, 140-150 (1978). 

. Carter, W. G. & Hakomori, S. Biochem. biophys. Res. Commun. 76, 299-307 (1977). 

. Vuento, M., Wrann, M. & Ruoslahti, E. FEBS Lett. 82, 227-231 (1977). 

. Nairn, R. & Hughes, R. C. Biochem, Soc. Trans. 4, 165-167 (1976). 

. Hynes, R. O., Destree, A. T. & Mautner, V. J. supramolec. Structure 9, 189-202 (1976), 
. Olden, K., Pratt, R. M. & Yamada, K. M. Cell 13, 461-473 (1978). 

. Carter, W. G., Fukuda, M. & Hakomori, S. Ann. N. Y. Acad. Sci. 312, 160-177 (1978). 
. Duksin, D. & Bornstein, P. J. biol. Chem. 252, 955-962 (1977). 

. Robbins, J.C. & Nicolson, G. in Cancer: A Comprehensive Treatise Vol. 4 (ed. Becker, E. 


F.) (Plenum, New York, 1975). 


. Yamada, K. M. & Weston, J. A. Cell §, 75-81 (1974). 
. Rieber, M., Bacalao, J. & Alonso, G. Caacer Res. 38, 2104-2108 (1975). 
. Chen, L. B., Gudor; R. C., Sun, T. T, Chen, A. B. & Mosesson, M. W. Science 197, 


776-778 (1977), 


. Mosher, D. F. & Vaheri, A. Expl Cell Res. 112, 323-334 (1978). 
. Chen, L. B., Moser, F. G., Chen, A. B. & Mosesson, M. W. Expi Cell Res. 108, 375-383 


(1977). 


. Adams, S. L. et al. Proc. natn. Acad. Sci. U.S.A. 74, 3399-3403 (1977). 
. Hynes, R. O., Destree, A. T., Mautner, V. M. & Ali, L U. J. supramoal. Structure (in the 


press). 


. Chen, L. B. Cell 10, 393-400 (1977). 
. Hassell, J. R., Pennypacker, J. P., Yamada, K. M. & Pratt, R. M. Ana. N.Y., Acad. Sci. 312, 


406-409 (1978). 


. Noonan, K. D., Lindberg, D. S. & McClure, J. A. J. supramolec, Structure, Suppl. 1, 


245-259 (1976). 


. Culp, L. A. Biochemistry 15, 4094-4104 (1976). 

. Pollack, R. & Rifkin, D. Cell 6, 495-506 (1975). 

. Ab, I U. & Hynes, R. O. Biochim. biephys. Acta 471, 16-24 (1977). 

. Kurkinen, M., Wartiovaara, J. & Vaheri, A. Expl Celi Res, 111, 127-137 (1978). 

. Kurkinen, M. & Vaheri, A. Cell Biol. International Repts 1, 469-475 (1977). 

. Albrecht-Buehler, G. & Chen, L. B. Nature 266, 454-456 (1977). 

. Saba, T. M. & Antikatzides, T, G. Br, J. Cancer 32, 471-481 (1975). 

. Saba, T. M. & Cho, E. J. reticuloendothel. Soc, 22, 583-596 {1977}. 

. Moscona, A. A. in Cell Biology and Medicine (ed. Bittar, E.) (Wiley Interscience, New 


York, 1973). 


. Pastan, L & Willingham, M. C. Nature 274, 645-650 (1978). 

. Yamada, K. M. & Kennedy, D. U. (in preparation). 

. Weston, J. A., Yamada, K. M., and Hendricks, K. L. (in preparation). 

. Dessau, W., Sasse, J., Timpi, R. & von der Mark, K. Ann. N.Y. Acad. Sci. 312, 404-405 


(1978). 


. Pennypacker, J. P., Hassell, J. R.. Yamada, K. M. & Pratt. R. M. {in preperation). 


Nature Vol. 275 21 September 1978 








articles 





The signifi 


cance of magnetospheric research 


for progress in astrophysics 


Carl-Gunne Falthammar 


Dept of Plasma Physics, Royal Institute of Technology, 100 44 sit Sweden 


Syun-Ichi Akasofu 


Geophysical Institate, University of Alaska, Fairbanks, Alaska 99701 


Hannes Alfvén 


_f 


nos of Applied Physics and Information Science, University of California, San Diego, La Jolla, California 92093 


ay of Plasma Physics, Royal Institute of Technology, 100 44 Stockholm, Sweden 





Recent in situ measurements have led to a substantial 
revision of our picture of the magnetosphere and parts of 
the heliosphere. This concerns the character and distribu- 
tion of electric fields, and currents, the ways in which 
charged particles: are energised, and the chemical 
composition of the magnetospheric plasma. This revision 
reflects the fact that real cosmic plasmas behave in 
fundamentally different ways than predicted by the tradi- 
tional, idealised models used in magnetospheric physics 
and in astrophysics. The new understanding of the general 
properties of cosmic plasma gives us an improved basis on 
which to ‘interpret astrophysical observations. 


ASTRONOMY, and especially astrophysics, is in an interesting 
phase, where remarkable observational discoveries are being 
made. However, since astrophysical phenomena occur in 
remote regions, where in situ observations are not possible, 
and involve matter in various extreme states, it can be difficult 
to understand the physical phenomena.behind them. Usually 
the states involved sre magnetised plasmas at extremes of 
temperatures and/or density. The interpretation of the obser- 
vations then depends on whatever knowledge of plasma pro- 
cesses is available. 

The difficulties involved can be understood by recalling those 
faced by thermonuclear fusion research 20 years ago. The task 
was to predict the behaviour of a very hot, magnetically 
confined, plasma.. A well developed theoretical formalism 
existed. It-was the classical theory of gases, generalised to 
include charged particles, but it had not been subjected to a 
thorough experimental verification. It was found that the hot 
plasmas in thermonuclear machines often behaved quite 
differently from what had been predicted from existing plasma 
theories. This necessitated a fresh start, with experiments as the 
backbone of the theoretical structures. However, even now the 
complicated behaviour of hot, magnetically confined plasma is 
far from being completely understood. 

In astrophysics the situation is more difficult because, in 
contrast to the plasmas in thermonuclear machines, in situ 
‘diagnosis’ of the astrophysical objects is not possible. The 
coming of the space age means that cosmic plasma can now be 
studied in situ, but only in our near-space environment. 

To understand the significance of this, it is important to 
realise that our immediate environment in space, the 
magnetosphere (including the ionosphere) of the Earth and the 
adjacent interplanetary space, offer a rich sample of plasma 
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states in natural conditions. They include cool, weakly ionised, 
collision-dominated, gravity confined plasmas as well as hot, 
essentially fully-ionised and virtually collisionless magnetically 
confined plasmas. While the parameters may still be many 
magnitudes less than the extreme values attained in some 
remote astrophysical plasmas, the plasmas in the magnetos- 
phere are a large step from the parameter range available in 
Earth-based laboratories. Study of the magnetospheric plasmas 
can, therefore, greatly widen the empirical basis of cosmic 
physics. 

Spacecraft observations in the magnetosphere: have already 
identified various plasma processes which were not predicted 
from classical kinetic theory, the MHD formalism or even 
modern plasma theories. In particular, as we point out below, 
limitations have been found to the validity of the classical 
concept of the frozen-in-magnetic field, which used to be a 
‘golden rule’ in cosmic electrodynamics. 

The need for an improved empirical basis in cosmic physics is 
dramatically illustrated by the history of magnetospheric 
research itself. Before in situ measurements were possible, and 
even for many years after satellite measurements had begun, 
the magnetosphere was described in terms of highly idealised 
models that were a heritage from classical plasma physics. They 
involved infinite conductivity along magnetic field lines, frozen- 
in-magnetic fields and simple magneto-hydrodynamic con- 
vection. It was tacitly assumed that the matter in the outer 
magnetosphere was (mainly) hydrogen ions from the solar 
wind, and that electric flelds—if they were considered at all—- 
were everywhere transverse to the magnetic field. 

For a long time even spacecraft observations failed to reveal 
the fallacy of such assumptions, this was probably because their 
indiscriminant use guided the planning and design of the 
observations. Thus, for example, particle detectors in low 
Earth orbit always looked upwards because accelerated parti- 
cles coming from below—as have been recently observed— 
were inconceivable in the prevailing theories. 

Only during the past few years, has the magnetosphenc 
physicist found that the classical concepts break down in 
certain interesting regions of the magnetosphere. Also, only 
during the past few years, have the significance of Birkeland 
currents (magnetic-field-aligned electric currents in the 
magnetosphere) and magnetic-field-aligned electric fields been 
realised. This has far-reaching consequences in understanding 
the aurora and other phenomena in the magnetosphere. 

Although the understanding of the magnetosphere has 
increased gradually a veritable breakthrough has resulted from 
a few particle and field measurements on one single satellite, 
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S3—3. We now know that: (1) the Rozen-field condition is not 
reliable, and different levels of the magnetosphere can be elec- 
trically decoupled—at least partially; (2) magnetic-field- 
aligned electric fields with potentials of several kV exist not only 
in narrow regions but over hundreds of km in latitude; (3) 
ion-ospheric ions are accelerated along the geomagnetic field 
into the magnetosphere; and (4) large, sometimes dominant part 
of the storm time ring current consists of oxygen from the 
ionosphere rather than hydrogen from the solar wind. 

Such discoveries in magnetospheric physics indicate that the 
really important phase of magnetospheric research, in terms of 
fundamental physical understanding of plasma behaviour in 
natural conditions, has only just begun. 

This will also have far-reaching consequences for the foun- 
dations of cosmic plasma physics and hence for astrophysics. If 
a cosmic plasma system which is so close to us could, for such a 
long time, be misinterpreted in terms of the physical processes 
going on, how confident can we be of the interpretations of the 
astrophysical phenomena known only by remote observations? 
Kelvin estimated the age of the Earth, on the basis of its 
cooling rate, to be 50 Myr because radioactivity was not known 
during his generation. Inadequate plasma physical models 
could lead to—and have already led to—similarly misleading 
conclusions in astrophysics. 

It is worth emphasising the importance of laboratory 
experiments in cosmic plasma physics. In thermonuclear 
research a great deal of progress has been possible, after the 
initial setback, because a large experimental effort has guided 
the theoretical development. Similarly, in cosmic plasma phy- 
sics, laboratory experiments, as well as magnetospheric 
research, are needed to guide the theoretical interpretation of 
remote observations. One example is the electric double layer 
phenomenon, which according to recent observations is likely 
to occur in the magnetosphere and may have profound 
consequences in cosmic plasmas. Although its existence has 
long been known in unmagnetised plasma, and recently proved 
in magnetised plasma, an adequate theory—especially of its 
dynamics—does not yet exist, and in all applications one must 
rely on results of laboratory experiments. 


The role of magnetisation 


Virtually any known astrophysical plasma is magnetised. To be 
precise, a magnetised plasma is defined as a plasma that 
contains a magnetic field which is strong enough to make the 
gyroradii of all its charged particles much smaller than the 
linear dimensions of interest. As the latter are usually large in 


cosmic plasmas, even a small magnetic field is sufficient to . 


make the plasma magnetised. 

For example, for stellar dimensions and temperatures of the 
order of 108K. as in the corona, magnetic fields above 107'7T 
are sufficient. For galactic dimensions, and even if we consider 
the highest observed energies, the corresponding number is 
10°'’T. The smallest cosmic magnetic fields which can be 
measured or inferred are of the order of 10°°T. 

For magnetised plasmas it is often useful to distinguish 
between three classes: high, medium and low density plasmas’. 
They are defined in terms of the relative magnitudes of the 
gyroradius, p, the mean free path, A, and the characteristic 
linear scale, i, as follows: 


High ee AXp; medium density, p% à « l; low density, 
| I,« 2. 


High density plasmas occur in stellar bodies, lower stellar 
atmospheres and lower planetary ionospheres. Except for wave 
propagation they have a high degree of isotropy. Current 
densities and electric fields obey a simple local relationship— 
Ohbm’s law. ; 
Medium density plasmas prevail in fairly thin transition 
regions above the lower stellar atmospheres and planetary 
ionospheres, but can also occur in regions such as the Earth’s 
plasmasphere. These plasmas are anisotropic in terms of 
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diffusion and electric current conduction. The electri¢ field- 
current density relation is still local and can be expressed as a 
generalised Ohm’s law. 

Low density plasmas prevail throughout most of the Earth’s 
(and other) magnetosphere(s), the solar corona, interplanetary, 
insterstellar and intergalactic space. They are the most compli- 
cated plasmas, because collective interactions tend to be 
important instead of the relatively simple binary collisions that 
prevail in low and medium density plasmas. Numerous kinds of 
plasma instabilities and wave—particle interactions are possible. 
In terms of electric properties, a major complication is that 
there need no longer exist any local relationship between elec- 
tric field and current density. The reason is that charge carriers 
may gain momentum from the electric field in one region and 
lose it, for example, by magnetic mirroring, in a different 
region. Low density plasmas in this sense are a major preoc- 
cupation of modem plasma physics, especially in. ther- 
monuclear research where A » /, is one of the requirements for 
magnetic confinement. 

In the magnetosphere, the most exciting discoveries in recent 


‘ years are related to the properties of low density plasmas. The 


consequences for the understanding of cosmic Baya in 
general can be expected to be far reaching. 


Electric currents and fields 
in cosmic plasmas 


The magnetisation of all cosmic varias is connected with 
electric currents through Maxwell’s first equation curl B = joi 
and as cosmic magnetic fields are not generally curl-free, a 
fundamental] problem is how electric currents are carried by 
cosmic plasmas’. 

For high and medium density plasmas this is a simple pro- 
blem, because the current is determined essentially by a local 
balance between electric, magnetic and frictional forces. The 
current-carrying ability of the medium at each point is charac- 
terised by a conductivity which in high density plasmas is a 
scalar, in medium density plasmas a tensor. 

In low density plasmas the conduction of current is compli- 
cated. This fact is often overlooked, and classical conductivity 
formulas are erroneously applied 'to low density cosmic plas- 
mas. One illusion is that, as collisions become rare and vanish, 
the conducttivity along magnetic field lines increases and 
becomes essentially infinite. In reality, the concept of conduc- 
tivity will lose its meaning’. There need not be any local rela- 
tion such as Ohm’s law. 

Magnetospheric spacecraft abeciwations in the past few years 
have shown that the conductivity concept is obviously mislead- 
ing. This has great consequences in many astrophysical appli- 
cations, too. In particular, the ability of a low density plasma to 
carry electric current is far from bing ‘infinite’, and substantial 
electric fields can be required to drive the Birkeland currents 
(magnetic-field-aligned currents) of the magnitude (of the 
order of 107 Am’) observed in the magnetosphere. This 
greatly affects astrophysics, because first it changes the whole 
electrolydamics of cosmic plasma; second, the finite electric 
field along magnetic field lines violates the concept of frozen-in 
magnetic field lines, and finally it provides an efficient means of 
particle acceleration. 

A few typical phenomena will now be briefly described that 
involve substantial magnetic-field-aligned electric fields. 

Anomalous resistivity has been recognised for over a decade 
as a possible means of supporting magnetic-field-aligned elec- 
tric flelds in space plasma (for a review see ref. 3). Anomalous 
resistivity is characterised by wave-turbulence sufficiently 
strong to impede the current-carrying electrons so that a local 
Ohm’s law is reestablished. The wave turbulence is usually 
considered .to be driven by the current itself, but may also be 
maintained by a separate agent such as a high-energy electron 
beam that is unstable in the local plasma environment‘ į 
Whatever the cause may be, the d.c. electric field strength, E, 
that can be supported 1s limited by the condition E« Ems, 
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where E= i$ the r.m.s. value of the electric field of the wave 
turbulence’. This has been confirmed by direct measurements 
in the magnetosphere’. 

The wave turbulence will act differently on particles in 
different parts of velocity space. Particles of sufficient initial 
velocity (in the direction of the electric force) will become 
runaways, that is, decoupled from the main population of 
charge carriers, and the current they carry will not be deter- 
mined by local conditions but depend on the whole electric 
circuit involved. Therefore, if the runaway current becomes 
substantial compared to the total electric current, the local 
relationship between electric field and current is lost. Thus the 
current is not determined by local ‘resistivity’, and the whole 
circuit must be taken into account. Then the term ‘resistivity’ 
loses its meaning. . 

The anomalous resistivity phenomenon has been established 
by laboratory experiments (for a review, see ref. 9) and wave 
fields measured in the magnetosphere (for a review, see refs 10, 
11) are large enough to support magnetic-field-aligned electric 
fields of the order of mV m`, which may integrate to voltage 
drops of the order of several keV, a field large enough to be of 
significance to magnetospheric plasme dynamics. On the other 
hand, in the magnetosphere, anomalous resistivity may not be 
the only, or even the most important, mechanism for support- 
ing miagnetic-fleld-aligned electric fields. Alternative 
mechanisms are the double layer and the magnetic mirror 
effect. 

The electric double layer was discovered by Langmuir in 
1929 but wide interest in the phenomenon has been revived 
recently by experiment studies'*"*. For cosmical applications it 
is essential that its existence in magnetised plasma has now 


been proved’*!*. (For a review with special reference to pos- 


sible space applications, see refs 17, 18.) 
Like anomalous resistivity, a double layer is typically 


established as a consequence of current-driven plasma 


instabilities. To predict whether the end result of a given 
instability will be anomalous resistivity or a double layer is 
difficult. Theoretical studies have therefore often started with 
the assumption that the end state is one of anomalous resis- 
tivity. 

The laboratory experiments which show that the result of the 
instability may well be a double layer instead of anomalous 
resistivity, illustrate the danger of a purely theoretical approach 
and the need for empirical experiments on the behaviour of the 
real plasma. 

The electric potential drop across a double layer depends on 
factors such as density and temperature of the adjoining plas- 
mas and on the electric properties of the circuit in which the 
current is closed. Thus, unlike anomalous resistivity, the elec- 
tric double layer does not imply a local relationship between 
electric field and current density. 

Double layers and anomalous resistivity differ in the way that 
the dissipated energy is deposited. In the case of anomalous 
resistivity, it is deposited in the ambient plasma at the location 
of the voltage drop, leading to intense local heating there. In 
the case of a double layer, all particles passing through the 
layer are ‘runaways’, and form beams that carry away the 
dissipated energy to be deposited in some other region where 
the beam is finally stopped. In the magnetosphere, this may 
account for the energy deposition in the polar ionosphere by 
auroral primaries without excessive heating in the acceleration 
region. In many astrophysical applications such remote 
deposition of energy may be very important. 

Direct observations of double layers are difficult because 
they are relatively thin, 10-100 Debyelengths. The probability 
of encountering a double layer is one in several hundred satel- 
lite passes. In the recent electric field data of the S3-3 satellite® 
there is one case (from about 200) where the magnetic-field- 
aligned electric field was reported to be several hundred 
mV m™`. This is compatible with an electric double layer”. 

In a low density plasma situated in a magnetic mirror field 
slight differential anisotropies between positive and negative 
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particles can lead to large magnetic-field-aligned electric fields 
even without a net current’. In the magnetosphere where large 
field-aligned currents (Birkeland currents) flow to and from the 
auroral oval, and in many astrophysical situations, the magnetic 
mirror effect puts an upper limit to the conductance per unit 
area—a conductivity need still not exist—which above the 
auroral region of the Earth is at most of the order of a few 
A m* keV (refs 7, 20). This requires that the loss cone of the 
source plasma is continually replenished. If it is not, the current 
will be choked and the conductance reduced to still smaller 
values and can in priniciple approach zero. 


The frozen field condition 


If the classical conductivity formula were applicable to cosmic 
plasmas, the condition for ‘frozen-in magnetic fields’ would 
almost always be fulfilled. But the plasma properties described 
above may well decouple the electric fields in different portions 
of a magnetic flux tube (magnetic field unfreezing). This occurs 
at least in a limited region of the magnetosphere above the 
auroral ovals. Recent observations of comet tails*’ are 
apparently the first proof of magnetic-field unfreezing in plas- 
mas outside the Earth’s magnetosphere. 

Magnetic field unfreezing may also invalidate the law of 
isorotation, and in the context of planet and satellite formation 
allow an important phenomenon called partial corotation™. 


Particle acceleration 


Cosmic plasmas can generate suprathermal and high energy 
particles. In ordinary particle accelerators, insulators and 
sometimes also tuned harmonic signals are requisites for 
accelerating charged particles to high energy. None of these 
requisites are available in cosmic plasmas. Yet we observe 
cosmic ray particles with energies of 10’ eV or more, solar 
protons of 101° eV and magnetospheric protons of 1-10° eV. It 
would be difficult to generate such high-energy particles if the 
plasma had the simple magnetohydrodynamic properties usu- 
ally ascribed to it. 

Some particle energisation processes in cosmic plasma can be 
studied in the magnetosphere. Their products range from 
slightly suprathermal electron fluxes in the ionosphere to ions 
of several MeV in the radiation belts and in the tail region of 
the magnetosphere. Some of these acceleration processes 
involve wave fields due to various instabilities. Others depend 
on slowly fluctuating transverse electric fields to cause drift- 
resonant adiabatic acceleration, which can be compounded 
with non-adiabatic effects An interesting process is the direct 
acceleration of charged particles in the magnetic-field-aligned 
electric fields that regularly occur in low density plasmas. This 
possibility was previously excluded by the assumption that 
magnetic-field-aligned electric fields cannot exist and that the 
frozen-field condition is always valid. In the magnetosphere, 
such a direct acceleration process seems to play an important 
part in auroral phenomena” SP4 In the solar atmosphere 
the field-aligned acceleration may also play an important part 
in flare phenomena”, which is widely recognised to have many 
similarities with magnetospheric substorms”. Field-aligned 
acceleration may also be important in many other cosmic 
plasmas. One example on a large linear scale is double radio 
sources”. The energy, originating in the unipolar dynamo of 
the central galaxy, is carried by electric current to the two 
opposite remote regions where the current becomes unstable 
and a parallel electric field is established (presumably in a 
double layer). 


The structure of matter in space 


One of the most important results of space exploration is the 
discovery of-a number of boundary surfaces. Some of these 
layers are due to electric sheet currents which may reverse the 


' magnetic fleld. This often occurs in the magnetopause, in the 


neutral sheets of the magnetotail, in the solar equatorial plane? 
(previously interpreted as ‘the sector structure’), and in 
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cometary tails*'. Such boundary sheets may be very thin, 
sometimes only a few Larmour radii. Their persistence 
demonstrates that they have a high degree of stability and that 
cosmic plasmas have a general tendency to divide themselves 
into compartments by setting up such layers. 

The discovery of the many boundaries separating different 
plasmas is remarkable in that neither theoretical considerations 
not laboratory experience had led us to expect layers with the 
observed properties (although other types of layers were pre- 
dicted). This is very important for our picture of the structure 
of space. We find that space occupied by plasmas tends to be 
divided in ‘compartments’, often separated by thin current 
sheets. On the interstellar and intergalactic scale, space may 
have a cellular structure consisting of many separate regions, 
containing plasmas of different magnetisation, density, 
temperature, and perhaps also different kinds of matter (koino- 
and antimatter). 


Conclusions 


For a proper understanding of astrophysical phenomena, the 
theoretical work must be guided by empirical knowledge of 
how plasmas behave in nature. Laboratory experiments have 
an essential role in this context but in situ observations of the 
magnetospheric plasma can, in some respects, provide us with 
an even better knowledge of plasma behaviour in natural 
conditions. The plasma in the magnetosphere (including the 
ionosphere) and the solar wind are the only cosmic plasmas 
accessible to extensive in sifu observations and experiments. 

Observations of magnetospheric plasmas extend our 
empirical knowledge to a new range of plasma parameters by 
many powers of 10. It is also fortunate that the Earth’s 
magnetosphere contains such a rich variety of plasmas, from 
the relatively dense and cool ionospheric plasma to the 
extremely thin and hot plasmas at larger distances. 

The truly fundamental progress in the understanding of the 
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magnetosphere has only just begun. It has begun because of the 
recent observational discoveries which mark a new phase of 
magnetospheric research. The knowledge already obtained, 
and the insights still to be gained, in this new phase of 
magnetospheric research should be of great value in under- 
standing astrophysical plasmas and may lead to similar drastic 
revisions in astrophysics. 
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Young’s double beam interference 


experiment with 


spinor and vector waves 


J. Byrne 


School of Mathematical and Physical Sciences, University of Sussex, Bnghton, Sussex, UK 


The fringe shift observed in Young’s double beam inter- 
ference experiment using unpolarised neutrons, when one 
beam traverses a magnetic field before recombination, has 
been interpreted as implying direct observation of the sign 
reversal of a spinor wave function subjected to a 2r rota- 
tion. This interpretation is unsatisfactory because for any 
fermion the relative rotation of the spins in the two beams 
and the interference pattern are mutually incompatible 
observables. This incompatibility does not arise in the case 
of bosons which possess a state of zero spin-component. 
Furthermore, equivalent ‘sign-reversal’ effects may be 
observed in interference phenomena associated with any 
tworstate system and a realisable photon analogue is pro- 
posed. 





RAUCH ET AL.' and ‘Werner et al? have independently 


described neutron analogues of Young’s double slit optical - 


interference experiment using umpolarised neutrons which 
have been interpreted as a direct observation of the sign rever- 
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sal of a fermion wave-function under a 27 rotation. In these 
experiments, amplitude division of a coherent neutron wave 
train is brought about by a symmetrical Laue reflection in a 
single crystal of silicon. One of the emergent beams traverses a 
uniform magnetic field while the other propagates in a field- 
free region. The crucial result is the observation that the inter- 
ference pattern formed where the two beams recombine, shifts 
through half a fringe when the magnetic field is varied from 
zero to a value such that the spins of those neutrons moving 
through the magnetic field precess through an angle of 2r 
relative to the spins of those neutrons which move in the field 
free region** 


Interference pattern 


This extremely elegant technique provides an interferometric 
method of distinguishing fermion from boson” because the 
equivalent boson interference pattern would shift through a full 
fringe. One must, nevertheless, be cautious about the claim? 
that ‘we have directly observed the sign reversal of the wave 
function of a fermion produced by its precession of 27 radians 
in a magnetic field using a neutron interferometer’. The 
difficulty relates to the notion of ‘relative rotation’*” as applied 
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to the fermion spins in the context of an interference experi- 
ment as, for fermions, simultaneous observations of the relative 
rotation of the spins in the two beams and of the phase shift are 
incompatible. We may, of course, measure the angle of rotation 
of those neutron spins constrained to move in the magnetic 
field relative to the spins of neutrons in the field-free region. 
An essential feature, however, of all interference phenomena is 
that, whereas the wave amplitudes propagate along dis- 
tinguishable paths, all information concerning which path the 
neutron actually follows is lost*. In these circumstances the 
notion of relative rotation ceases to have a meaning as it 
corresponds to nothing which is measurable. The objection 
therefore is founded on the uncertainty relation and is not 
pedantry because, as we show below, no equivalent inconsis- 
tency arises in the case of bosons. 


Let m, be the incident spinor, then the neutron wave train ~ 


reaching the detector in the absence of the interferometer is 
represented by the spinor uo(x)= u, e™™*. When the inter- 
ferometer is introduced u(x) is transformed to 


A+Be*? 0 


n aeoo 0 


a(x) = 
where A and B are real parameters characterising the ampli- 
tudes of the interfering beams and 8 = ~geBx/2pp (ref. 3) The 
action of the interferometer is described by the transfer matrix 


Tee 0 
0 T ea 


M=| (2) 


where 7, the matrix determinant, is given by 


T = A?+ B?+2AB cos (8/2) (3) 


and 
(2) __B tan (6/2) 
2/ Bt+Asec (8/2) 
As M describes a transformation to a state whose normalisa- 
tion has been multiplied by T, we may interpret T as the 
transmission coefficient for the interferometer. It follows from 


equation (3) that the interference pattern has a minimum at 
8 =2- and the fringe visibility V is therefore 


V = 2AB/(A7+ B°’ (5) 


The observation of the interference pattern exhausts the 
experimental possibilities for unpolarised neutrons. 

Because there is no uncertainty relationship between spin 
and position it 1s possible, using polarised neutrons, to make 
simultaneous measurements of the interference pattern and of 
the neutron spin polarisation at each point along it. The addı- 
tional information may be derived from the density operator p 
which according to equation (2) 1s transformed to 


(4) 


p” pin pire 
p(x)=ModxyM*=| a P 0 
The polarisation P, of the transmitted beam is defined by 
P.=(o), = Tp: 0AT) (7) 
and in particular | 
Pam Pio (8a), “(P.+iP,.=(P,tiP, pe (8b) 


The essential results are contained in equations (8) showing 
that although the component of the neutron polarisation in the 
recombined beam parallel to the magnetic field is unchanged 
from what it was before the division of amplitude, the polarisa- 
tion vector in the plane transverse to the magnetic field is 
rotated through an angle a. Thus, although the density matrix 
contains sufficient information to allow us to make predictions 
about the absolute rotation of the neutron spins in the recom- 
bined beam it contains no information about the relative rota- 
tion of the spins in the constituent beams. The essential point 
is, of course, that whereas the phase difference 8 between the 


N 
\ 


` 
y 


Aa 
spatially separated wave trains is determined by the mag. 
field and the passage time alone, the absolute angle of rotat ° 
a of the polarisation vector in the reconstituted beam al, 
requires for its specification the mixing ratio B/A of th 
component wave trains as expressed through equation (4). 

To emphasise the significance of these results from an 
experimental viewpoint we might envisage carrying out two 
limiting types of measurement. In the first case we set A <B 
and determine the spin rotation of the transmitted neutrons 
which reaches the value m at cos 8/2=—A/B, making the 
transition to 27 at B=2m Alternatively we can set A>B 
in which case a achieves a meximum deviation of 
2 tan '[(B/A)/(1—-(B/AY)”] at cos 8/2=—-B/A and then 
drops rapidly back to zero at 8 = 27. Thus the polarisation in 
the recombined beam carries out a rotation for A < B and a 
nutation for A> B. There is no ‘relative rotation’. When either 
A or B tends to zero the polansation approximates to that of 
neutrons whose paths are constrained but the fringe visibility 
reduces in proportion. 

At the other limit we set A = B with unit fringe visibility and, 
as B >2r, we find that a» and the polarisation in the 
transmitted beam is reversed. Evidently there is a discontinuity 
in a at 8 =2-7 in the transition from A<B to A>B which 
means that at maximum fringe visibility the spin rotation 
becomes indeterminate at the interference minimum 

Apparently we must omit the case A= B, representing a 
fringe visibility of unity and total polarisation reversal, because 
in this situation the transfer matrix 1s null at the interference 
minimum and no neutrons are transmitted. However, this 
results from a defect in the formalism which uses plane wave 
states; in the more realistic wave packet description the factor 
cos B in equation (3) 1s replaced by the real part of, and the 
visibility V <1 by the modulus of, the complex degree of 
coherence in the interfering wave trains, thus the reduction of 
the transfer matrix to singular form 1s avoided. 


Bosons 


The equivalent situation for bosons may be explored by treat- 
ing the case of a spin 1 particle whose spin wave-function is 
characterised by three independent amplitudes a, ao, a_, cor- 
responding to states with spin component M = 1, 0 or —1 along 
the magnetic field. The density matrix now has 9 elements 
which may be organised into subsets of 1, 3 and 5 elements 
which are the expectation values of sphencal tensors of rank 0, 
1 and 2 respectively”. The first rank tensor moments are just 
the components of the spin polarisation. 


P, =(\a,.?—|a_|)/7 
P, £iP, =(atayt+ana*)/V2I 


where I =|a,|?+]ao|?+|a_|? is the total intensity. 

In the presence of a magnetic field the amplitudes a, are 
shifted in phase to aa ¢*” and it should be noted from equation 
(9) that the transverse polarisation is linear in these amplitudes 
and their complex conjugates. The amplitude ao is unaffected 
by the magnetic field and this is crucial to the analysis since it 
follows that the transverse polarisation in the recombined 
beam does not contain any interference terms derived from 
products of field-dependent amplitudes. For spin 1 particles, 
equations (8) therefore become 


P.. = Pio: (A? +B? +2AB cos B)/T (10a) 
(P. +iP,), = (P,+iP, b(A+B):(A+Be™))//T (10b) 

where in this case the transmission 
T = A? + B?+2AB cos 8+2AB(1—cos 8Xlaa?/IDo (11) 


is sensitive to the degree of alignment |aol?/F in the beam 
inadent on the interferometer 

Equation (106) exhibits the fundamental feature that the 
term (A+B): (A+B e"f) may be represented as the inco- 
herent sum of a fixed polarisation (A+B)A and a rotating 


(9a) 
(96) 


Pagi 





1% (A + B)B e*® whereas for spin 4 fermions there is 

(rotating) term derived from the coherent super- 

t of field dependent amplitudes. The weights (A+B)A 

4+B)B are identical with the weights A* and B? 

aed by incoherently superimposing the constituent beams 

, for the case of maximum fringe visibility but this is an 

gnificant point as the presence of the two terms allows us to 

ve an operational meaning to the concept of relative rotation 
a the recombined beam whatever their relative magnitude. 

To show that the concept of ‘relative spin rotation’ retains a 
meaning for bosons in the setting of an interference experiment 
we only have to examine the corresponding predictions for the 
two limiting experiments discussed above in the case of 
fermions. When A-0O and the fringe visibility becomes 
vanishingly small we find from equation (10) that the trans- 
mitted polarisation vector rotates through the angle 8 as 
expected. When B >0 there is no rotation and the angle B 
between the two orientations of the analysing axis of a filter 
giving maximum transmission for these two cases defines the 
relative rotation in the absence of interference. At the opposite 
extreme, where A =B and the fringe visibility is maximum, 
there are two groups of neutrons, with relative intensities (A + 
B)A and (A + B)B respectively, that is those whose spins have 
suffered no deviation and those whose spins have rotated 
through the same angle 8. We can again measure the relative 
rotation, the same relative rotation B as for the case of zero 
interference, by observing the two directions of the analysing 
axis of the filter which permits free passage to neutrons. This is 
quite different to the fermion case where there is transmission 
at a single angle a #8 only and no method of measuring a 
relative rotation. 

Not surprisingly we find from equation (11) that the intensity 
in the interference pattern for bosons reaches a maximum 
when 8 = 27. The minima in the interference pattern occur at 
B=+7 and it is interesting that the transverse polarisation 
vanishes at the minima, when conditions are such as to maxi- 
muse the fringe visibility. 

Fo examine the behaviour of the vector polarisation does not 
exhaust the possibilities where spin 1 particles are concerned 
because the second rank tensor moments are also experiment- 
ally accessible quantities. Denoting these moments by ¢, m (refs 
9, 10) we find 


(a) too = (1/V2\a4|? ~ 2lad? + la|?) 
(b) fon = (V3/2)a,ag —ažao) 
(e) ha2=VY3a$a; (12) 


Clearly the magnetic field-dependence of the moments iz os1 18 
the same in essential respects as that of the moments tosi 
whose cartesian components are given in equation (9). The 
tensor moments ża: behave quite differently in a magnetic 
field in that they are shifted in phase by e**® when the ampli- 
tudes a, collect phase factors e*’. Therefore t, revert to 
their original values when 8 = q and the amplitudes a. change 
sign. Thus fa: are totally analogous to the components of the 
vector polarisation of a spinor field. 


Sign reversal effects 


Clearly then where ‘sign reversal’ effects are sought, the 
number of states available to the particles is not crucial, the 
important thing is that two of the participating states should be 
phase shifted in opposite directions by the application of a 
suitable perturbation. This has been demonstrated by Klempt’’ 
who observed sign reversal effects for transitions between the 
hyperfine levels of the diatomic molecule TIF. The experiments 
were carried out on a molecular beam resonance apparatus 
using the Ramsey separated oscillatory coil technique. Thus, 
although both sign reversal and interference effects were 
generated in spin space the underlying principle was the same 
as for neutron double beam interference. 

The distinction between the results derived for spin } and 
spin 1 particles in the case of the vector polarisation has been 
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traced to the existence in the latter case of a state, the M =0 
state, whose amplitude is insensitive to the presence of the 
magnetic field. It follows, therefore, that the spin 4 results are 
characteristic of all fermions, whereas the spin 1 results are 
characteristic of all bosons of non-vanishing spin for which an 
M =0 state exists, The single known boson excluded by this 
criterion is, of course, the photon for which the spin state can 
be defined only with respect to the momentum with the M =0 
state disallowed because of the vanishing rest-mass. 

In the neutron interferometer the magnetic field causes the 
neutron spins in one arm to alter their state from positive 
helicity to negative helicity and back again. A photon analogue 
would require the role of the magnetic field to be filled by an 
optical element which converts right circular polarisation to left 
circular polarisation and back again to right circular polaris- 
ation. Two half wave plates in series perform precisely these 
functions and a full wave plate introduces a phase difference of 
2m between the polarisation states exactly as a magnetic field 
does for the neutron spin-states. Indeed Bernstein, who first 
thought of the neutron interference experiment” specifically 
compares the action of the magnetic field to that of a 
birefringent medium. 

The active element in the interference experiment proposed 
above is a uniaxial crystal with its optic axis normal to the 
direction of propagation of the beam. If a, and a, represent the 
components of the complex vector potential parallel and 
perpendicular respectively to the optic axis then the amplitudes 
a. for states with spin component M = +1 along the momen- 
tum are 


a. = ¥(1/V2)a, ¥ia,) (13) 
Thus the circular polarisation P, in the beam is given by 
P. = i(a,a¥ — aza,)/I (14) 
where 
I = (ja, +|a,/°) (15) 


is the intensity. 
The relationship between outgoing and incoming amplitudes 
in the light beam traversing the crystal may now be expressed 


as 
E 6 j yt /2 
ay a = 0 o wal ® 0 )(“) 
E) 0 e®/\a, 0 e?/\q (16) 


y 


where 
2r 2r 
À À 
A=(6,+6,) 8=(8.—ô,) (17) 


z is the path length in the crystal, and n, and np are the 
ordinary and extraordinary indices of refraction. 

It follows from equations (14) and (16) that, for a beam 
prepared in a state of pure circular polarisation P, without 
ellipicity, the output circular polarisation P4 is given by 


P; = P. cos 6 (18) 


Thus, the circular polarisation is reversed when ô = m, which 
described a half-wave plate. Two half-wave plates in series thus 
recover the original circular polarisation but change the signs of 
the amplitudes according to equation (16). The remainder 
of the theory proceeds as before and we can construct the 
analogue of the transfer matrix in equation (1) with B replaced 
by —6 and B by B e”. 

The observability of the photon amplitudes has no relevance 
here as we are concerned solely with observations on the 
Stokes operators'* which characterise the polarisation prop- 
erties of the beam and are quadratic in these amplitudes. The 
Stokes operators satisfy the same commutation rules as angular 
momenta and in view of the homomorphism of the group 
SU(2) on the group R3 any unitary transformation on a two 
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state system such as the photon has an analogous rotation for a 
spin $ fermion*. This justifies the photon analogue proposed 
above which is exact, provided the cycle of unitary trans- 
formations on the spin states of the photon is not interpreted as 
a rotation in real space. One can construct another photon 
analogue by using an optically active crystal to introduce a 
phase difference of 2r between the amplitudes aa; in this case 
a real rotation of the plane of polarisation does take place but it 
ig a rotation through an angle sr rather than through an angle 
2a (ref 4). 

To observe the minimum in the optical interference pattern 
obtained by introducing a full wave plate in one arm of an 
interferometer it would be necessary to eliminate the phase 
factor e“”? in equation (16) by equalising the optical paths in 
both arms using a compensator according to normal optical 
practice. Two half wave plates in series with their optic axes at 
right angles would fulfil this role ideally. This requirement does 
not invalidate the principle of the device and indeed the same 


defect exists in the neutron experimert (the ‘residual , 
shifts’) although in a less severe form because the equiva 
‘optical path difference’ vanishes to first order provided \ 
neutron energy is sufficiently low. 


Recerved 19 Apri, accepted 10 July 1978 


Rauch, H eral Phys Lew ABA, 425-427 (1975) 

Werner, $ A, Colella, R, Overbemeer, A W & Esen, C F Phys Rev Len 3, 
1053-1035 (1975) 

Bernsten, H J Pye Reo Lew 18, 1102-1103 (1967. 

Kian, A G & Opat, Œ I Phys Rew DLL, 523-528 (2975), Phys Reo Len 37, 738-240 


NO 


A u 


Abaronov, Y & Semkmd, L Phys Res 158, 1237-1238 (1967) 
Moore,G T Am J. Phys 38, 1177-1180 (1970) 

H & Ramecy, N F. Phys Revo 118, 623-626 (1960) 
Rev 139-144 (1955) 


— —) O a ~] OA La 


| nell ea 


New York, 1955) 
12 Klemm, E Phys Rev 1913, 3125-3129 (1976) 





Mass mortality of photosynthetic bacteria as a 
mechanism for dark lamina 
formation in sediments of the Black Sea 


M. Dickman 


Department of Biological Sciences, Brock University, St Catharines, Ontario, Canada 


I. Artuz 


Hydrobiological Research Institute, Pollution Research Section, R Hisar, Turkey 


ye 


Black Sea seasonal entrainment of dissolved oxygen 
below the chemocline results in a temporary hiatus in 
which an oxygen induced mass mortality of photosynthetic 
bacteria initiates their mass sedimentation. During their 
sedimentation black coloured FeS-rich granules form. The 
abundance of these granules in the sediments dictates their 
colour and microlamination pattern. 


RHYTHMICALLY laminated sediments from meromictic lakes 
and seas have long fascinated geologists, limnologists and 
oceanographers as these lamina have been used to construct 
detailed chronologies based on the supposition that a light and 
dark coloured band (couplet) represents events which repeated 
themselves on an annual basis. 

Most of the sediments of the Black Sea are microlaminated! 
and these microlamina are thought to represent annual events 
or varves”. On this basis a detailed chronology has been erected 
for the sediments of the Black Sea**. Discrepancies between 
the ‘*C age and the varve count age for some of the recent 
Black Sea sediments’ prompted us to examine these same 
sediments. An hypothesis concerning a mechanism for varve 
formation was formulated to explain the relative lack of cor- 
relation between the “C and varve count chronologies in these 
microlaminated coccolith-rich sediments. 

Recent reports’ have speculated that during both Cambrian 
and Precambrian times the majority of the oceans and seas of 
the world were meromictic, that is, permanently stratified into 
a deep non-mixing anaerobic layer termed the monimolimnion, 
and an overlying oxygenated mixing layer termed the mixo- 
limnion. These conditions are similar to those currently found 
in the meromictic Black Sea*. To this extent the Black Sea 
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serves as a ‘living fossil’ and an understanding of the conditions 
responsible for dark and light coloured lamina formation there 
should assist us in interpreting the microlaminated deposits in 
the sediments of Cambrian and Precambrian seas. 

The Black Sea is the largest ‘lake’ in the world’. The history 
of its tectonically formed euxinic basin, which now contains 
essentially marine waters, has included long Periods when the 
basin was occupied by relatively fresh water’. We have there- 
fore adopted the terminology of Hutchinson’® in describing this 
meromictic body of water. The water masses of the present day 
Black Sea are divided by a sulphids-rich chemocline into a 
lower saline anaerobic zone (monimo_imnion) and an overlying 
less saline seasonally stratified mixolimnion. 

During the last thousand years, a carbonate-rich micro- 
laminated coccolith ooze has been deposited in anacrobic 
conditions at depths of 200 m or more along the bottom of the 
Black Sea’*. The detailed chronology of the Black Sea sedi- 
ments discussed above was first formulated in the early thirties 
and forties**. Many sediment studies of the Black Sea have 
been carried out’ since then but none have hinted at the possi- 
ble impact of a mass mortality of phorosynthetic bacteria on the 
microlamination pattern within its sediments. These bacteria 
are one of the main primary producers within the Black Sea’ 
and their annual mass mortality was not suspected until it was 
observed in another much smaller m2romictic body of water in 
Quebec, Canada’. 

The present study attempts to -p-ove that oxygen-induced 
mass mortality of these photosynthetic bacteria (which are 
restricted to the anaerobic waters telow 160 m)'° has been a 
major factor contributing to dark lamina formation in the 
Black Sea. Information is presented to show that the seasonal 
mass mortality of these photosynthetic bacteria occurs as a 
result of oxygen entrainment into tke anaerobic waters which 
they occupy and that this deep-layer oxygenation is most likely 
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èrtical profiles at station A for dissolved Oy, salinity, specific conductivity, water density and HS and bacterial abundance and biomass 
for stations A and B 
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* Oxygen, salinity, specific conductivity, temperature and density were recorded only at station B. Bathythermograph results indicated a sharp 
thermocline beginning at 37 m (14°C), 40 m (13 °C), 42 m (12 °C), 43 m (11°C), 45 m (10 °C), 47 m (9°C), 50 m (8.4 °C). 


+ Bacterial density at station A as numbers per ml times 10° with the maximum and minimum values {x 10°) recorded in parentheses. 


+ Bacterial biomass at station A as mg m 7 


§ t, trace; p, present. 


to occur during winter when partial destratification of the 
mixolimnion has occurred. 

After the photosynthetic bacteria are killed by the addition 
of dissolved oxygen to their envircnment, they begin to settle 
slowly (1-2 mh7')"' towards the bottom. During their descent 
the elemental sulphur which they store as a waste product of 
their H,S-based photosynthesis'* is exposed to the ferrous-rich 
waters of the upper layers of the anaerobic zone’. The ele- 
mental sulphur once exposed is capable of acting as nuclei for 
the formation of black ferrous sulphide compounds. The 
presence of ferrous sulphides and their products (such as FeS, 
pyrite) produces dark-coloured microlaminae. 


Experimental methods 


Using a Simrad SK3 sonar unit deployed in the Turkish 
hydrobiology research vessel, R/S Arar, it was possible to 
detect and later sample the thermocline and chemocline at 
29° 05’ E, 41°40’ N at a depth of 830m, 30km from the 
Bosphorus sill near Kilyos, Turkey (station A). Nansen bottles 
and a 10-1 stainless steel Petersen styled closing cylinder were 


, calculated on the observed mean bacterial size of 0.5 um” per cell. 


used to remove replicated water samples for immediate 
preservation and later bacteriological analysis. A simple Van 
Dorn sampler replaced the more sophisticated equipment 
mentioned above at the Trabzon, Turkey Station (39° 55’ E, 
41° 10’ N) which was located in 800 m of water (station B). 
Quantitative estimates of algal and bacterial densities were 
made using a Fein Optik haemocytometer and a Leitz Ortho- 
plan microscope. The plankton from immediately above and 
below the H.S chemocline (160 m at station A, and 200 m at 
station B) was preserved with Lugol’s IKI solution and 
concentrated by simple sedimentation’. Salinity, specific 
conductivity and temperature were measured at station B using 
a Beckman R-55-3 electrodless salinometer. Dissolved oxygen 
was estimated at the same station using a Winkler calibrated 
Wissenschaftlich-Technisch Werkstatten Oxidigi Meter (model 
5500). Such equipment was not available in Trabzon. 
Sediments from the Black Sea sampled during the Glomar 
Challenger deep sea drilling operation? were available for 
study. Black Sea sediments were analysed by scanning electron 
microscopy: samples were freeze fractured, affixed to SEM 


Table 2 Abundance of black granules in light and dark coloured microlamina from the Black Sea core 


Sediment Sediment 
Code* no. colour type 

SF Light grey Coccoliths 
28 Light beige Coccoliths 
21 Light grey Coccoliths 
11 Off white Diatoms 
14 Off white Aragonite 
30 Dark brown Coccoliths 
73 Nearly black Coccoliths 
13 Dark brown Coccoliths 
91 Dark brown Diatoms 
65 Nearly black Sapropel 


Sediment Ferrous sulphidet Confidencet 
depth black granules interval 
(cm) {(no. per ug) x 10° l (P =0.05) 
12 47 904 
15 52 1,409 
22 23 1,005 
41 135 1,604 
62 200 1,704 
12 1700 60,023 
15 2400 90,012 
22 800 38,026 
41 — 1200 10,024 
62 3900 80,035 
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* Samples were coded to avoid unconscious bias of the counts. 
+ Mean granular densities per ug dry wt of sediment x 10°. 


+ Two standard deviations erected about the opaque granule densities were based on three replicates. 
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stubs and gold coated. Light- and dark-banded material from 
individual microlaminae was removed using fine dissecting 
forceps under a dissecting microscope to ensure that the 
material was not contaminated by adjacent lamina. 

To determine the abundance (density) of dark coloured 
granules in the light and dark microlaminae, the previously 
isolated sediments were dried for 24h at 80°C and weighed 
after cooling. A sample of 0.1 mg from each of five light 
coloured lamina and five dark coloured lamina was suspended 
in 1.0 ml distilled water and a 0.1 ml aliquot of the homogenate 
was placed on an haemocytometer. The number of black 
granules were recorded for each of 40 randomly selected 
haemocytometer fields. A similar technique was used to 
determine the density of the photosynethetic bacteria from the 
IKI preserved water samples from the Black Sea. 


Vertical distribution of photosynthetic 
bacteria in the Black Sea 


As photosynthetic bacteria are light dependent, they develop 
population maxima at the minimal distance from the surface at 
which sulphide is available to them’*. In the Black Sea, 
sulphide is unavailable above a depth of 150 m at most loca- 
tions'*. Furthermore, these photosynthetic bacteria are killed 
by minute concentrations of oxygen'*. The water column of the 
Black Sea is rarely anaerobic above a depth of 150 m (ref. 14). 

On 31 October 1977 the photosynthetic bacteria were found 
concentrated at a depth of 200 m at the Kilyos station in the 
Black Sea (Table 1). Micrographs of these bacteria (Fig. la) 
indicated that the dominant form possessed an external 
morphology similar to that described by Buchanan and Gib- 
bons’ for the photosynthetic bacterium Thiocapsa roseoper- 
sicina (spherical with a mean diameter of 1.5-2 um). Many of 
our samples seem to contain blue-green algae as well as several 
other types of photosynthetic bacteria which we have yet to 
identify. 

Individuals of T. roseopersicina in samples which were inad- 
vertently exposed to small amounts of oxygen before preser- 
vation were often surrounded by a slime-filled envelope which 
may have caused them to aggregate into clumps (Fig. 1b). 
Irregularities in cell shape (Fig. 1a) were ascribed to the inter- 
nal storage of elemental sulphur which this species produces 
photosynthetically as a waste product during the oxidation of 
H3S $ ‘ 

Photosynthetic bacteria taken from the other end of the 
Black Sea near Trabzon, Turkey on 17 November 1977 were 
similar to those at Station B but were concentrated at a slightly 
shallower depth (160 compared with 200 m) (Table 1). 

Comparing our autumn photosynthetic bacterial densities 
with the winter densities reported by Kriss'® (for his Yalta- 
Batumi stations) it was evident that his February photosyn- 
thetic bacteria maximum was located at a much greater depth 
than ours. By late February the water at Kriss’s winter stations 
was oxygenated to a depth of 300m and the photosynthetic 
bacteria were concentrated at a depth of 500 m, indicating that 
oxygen might have been entrained down to that depth some 
time earlier or alternatively that the high bacterial densities 
which he observed at 500 m and deeper, may have included 
large numbers of dead bacteria which were settling out. Kriss’s 
winter observations suggested that Black Sea waters below 
200 m might be seasonally exposed to dissolved oxygen. 

Grasshoff calculated that 500 km? of surface waters contain- 
ing an estimated 5 x 10° metric tons of oxygen penetrates the 
chemocline of the Black Sea each year’*. Furthermore, Brewer 
et al.” observed elemental sulphur as well as manganese and 
iron oxide granules in the anaerobic surficial sediments of the 
Black Sea along the Turkish (Anatolian) coast in 1,000 to 
2,000 m of water. They interpreted this to mean that oxygen- 
rich surface waters had contacted the sulphide, manganese and 
iron-rich waters at and below the anaerobic chemocline in the 
Black Sea’® oxidising these waters and thereby precipitating 
elemental sulphur, iron and manganese oxides.'’ 





Fig.1 a-c, SEM photographs. a, Thiocapsa roseopersicina from 
a depth of 160 m at the Trabzon, Turke> station. Irregularities in 
cell surface may be the result of the internal storage of elemental 


sulphur' >. Background specks are crystals caused by the evapora- 
tion of Lugol’s'* IKI preservative in which the original samples 
were stored. Scale bar, 2 um. b, A coony of T. roseopersicina 
from 160 m at the Trabzon station which had been inadvertently 
exposed to dissolved oxygen before preservation. Cells are bound 
together by thick mucillagenous secretions. Scale bar, 10 wm. c, A 
pyrite (FeS,) framboid from a black micolamina at 4 cm depth in 
a sediment core from the Glomar Challenger station 381 (ref. 5). 
Scale bar, 2 um. d, A transmitted light microscope photograph of 
a pyrite granule from a depth of 260 n in the Black Sea near 
Kilyos, Turkey. Although its framboid structure was later verified 
using SEM, its possible resuspension cannot be ruled out. Scale 
bar, 5 um 


Vertical mixing of oxygenated surface waters to depths of 
300 m or more in the Black Sea Seems to occur in winter when 
the surface waters have been cooled and the water column 
approaches homeothermy. In adcition, increased surface 
salinity before late winter rains reduces the amplitude of the 
vertical salinity gradient'®. It is not surprising, therefore, that 
Kriss'® observed dead photosynthetic bacteria in well oxy- 
genated water above 100 m after heavy winter storm activity 
presumably swept them up from the chemocline. 

These four lines of evidence from independent studies all 
indicate that a seasonal mass mcrtality of photosynthetic 
bacteria is the result of partial and temporary oxygenation of 
the upper anaerobic layers of the Black Sea in winter 

Figure 2 provides a schematic representation of these events. 
In the uppermost diagram, six zones are represented by the 
letters A-E. These symbols depict the following portions of the 
Black Sea’s water column: (A) the warm-water upper mixo- 
limnion; (B) the metalimnion, upper and lower boundaries of 
which are represented by the dashed lines; (C) the oxygenated 
cold-water portion of the mixolimnion; (D) the anaerobic 
portion of the mixolimnion; and (E) the permanently anaerobic 
monimolimnion. The ‘dots’ concen rated along the top of the 
anaerobic mixolimnion (zone D) represent the photosynthetic 
bacterial plate. 

During winter (central diagram) the metalimnion disappears 
as the thermal gradient (not shown) becomes less intense as 
surface temperatures decrease’*. Except for a relatively few 
photosynthetic bacteria (which secrete sufficient slime to form a 
bacterial mass (Fig. 1b) which is eaough to prevent dissolved 
oxygen from reaching the core be ore the bacterial mass has 
settled into deeper anaerobic waters) the intrusion of oxygen 
into the previously anaerobic portien of the mixolimnion (zone 
D) results in the mass mortality of all the anaerobic bacteria in 
this zone. Subsequently, these deac bacteria settle towards the 
bottom of the Black Sea at a rate of between 1 and 2 m h™' (ref. 
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Fig.2 Schematic representation of the major seasonal changes 

in the vertical distribution of planktonic photosynthetic bacteria 

in the Black Sea with insets depicting the formation of light and 
dark microlaminae (see text). 


11). During their descent they serve as nuclei for the formation 
of black FeS-rich compounds. Many of these compounds later 
form raspberry shaped pyrites (FeS,) called ‘framboids” (Fig. 
lc, d). 

The bottom diagram in Fig. 2 depicts the water column of the 
Black Sea in early spring when the majority of the mixolimnion 
is still oxygen rich. As spring and summer pass, decaying 
organic matter (tripton) from the overlying water accumulates 
on or near the chemocline where its continued decomposition 
removes any dissolved oxygen from the overlying water mass. 
This process increases the thickness of the anaerobic region of 
the mixolimnion (zone D). This in turn permits the photosyn- 
thetic bacteria to move closer to the surface where light 
intensities are higher’’. By early winter, most of the subther- 
mocline mixolimnion has been deoxygenated and a condition 
similar to that depicted in the uppermost diagram of Fig. 2 
exists. The process previously described then repeats itself if 
winds of sufficient intensity to mix oxygenated surface waters to 
the depth of the photosynthetic bacterial plate reoccur. 


Dark lamina formation 


Metal sulphides such as FeS are extremely insoluble in neutral 
or alkaline water such as that found in the Black Sea” (pH 
7.5+0.2)*'. Thus HS” in the presence of ferrous ions will form 
FeS compounds which give anaerobic sediments their charac- 
teristic black colour”. However, the exact nature of the 
compounds that form is dependent on the presence and 
concentration of a number of additional species in solution 
such as carbonates, silicates and heavy metals””, 

In the conditions observed in the Black Sea (alkalinity 
4.4 meq!" (ref. 21); H2S (HS) concentration of 300-350 ug- 
atom 1”! (ref. 21); a temperature 7 and 9°C"*; salinity of 22 
ppt’’; and depending upon the depth of water, pressure of up 
to 200 atm) the precipitation of iron monosulfides would be 
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expected to occur at a ferrous iron concentration of roughly 
4x 107’ moll! (ref. 20). Only the sulphide-rich chemocline in 
the Black Sea contains such high ferrous iron concentrations "*. 
Iron sulphide granules have been previously described for the 
sediments of the Black Sea**’. The general concensus seems to 
be that some of these black granules such as the pyrites may 
form during early diagenesis** however, Degens? described 
these same framboids in water samples taken several hundred 
metres above the sediment—water interphase in the Black Sea. 
These observations suggest that framboid formation begins in 
the water column following the mass mortality of photosyn- 
thetic bacteria. Since most of the Black Sea Basin is 1,000 m or 
more in depth these bacteria would not reach the bottom for 
nearly 50d given a sedimentation rate of 1-2 mh '. Thus it 
may be possible for their mineralisation and subsequent pyri- 
tisation to occur during their descent. 

Data presented in Table 2 indicate that when black granule 
densities exceed about 110° per yg dry wt of sediment, a 
dark layer can be expected to form in the recent (coccolith- 
rich) sediments of the Black Sea. 

The term black granule has been used above to indicate any 
opaque mass viewed with transmitted light microscopy. We are 
currently working (with S. Haynes) to determine the chemical 
composition of these iron- and sulphur-rich black granules. 
Several polished plastic impregnated cross-sections from the 
microlaminated Black Sea surficial sediments (0-34 cm) have 
been produced. Pyrite framboid concentrations in these 
polished sections were 2 to 3 times higher in the dark coloured 
microlamina than in the light coloured ones. 

Our studies and those of others*''® have indicated a massive 
accumulation of photosynthetic bacteria just below the 
sulphide-rich chemocline in the Black Sea. These obligate 
anaerobic bacteria are instantly killed by the introduction oj 
dissolved oxygen into their immediate environment.” Follow- 
ing winter storm activity, large numbers of these photo- 
synthetic bacteria have been observed in the surface waters 
of the Black Sea,'® indicating that vertical mixing had taken 
place. 

The death of the photosynthetic bacteria on exposure to 
dissolved oxygen results in their gradual mineralisation as they 
sink slowly towards the bottom. During this process of 
mineralisation, these sulphur-filled bacteria act as nuclei for 
ferrous sulphide framboid formation. These framboids enter 
the bottom sediments of the Black Sea along with other sedi- 
menting particles such as diatoms, coccoliths and clastics. 
Depending on the final black granule density and the degree of 
‘whiteness’ of the underlying layer, a dark microlamina may 
form as shown inset in Fig. 2. However, if storm events during 
any particular winter fail to generate winds capable of oxy- 
genating the chemocline, bacterial mass mortality there will fail 
to occur. As a result, a dark-coloured microlamina may fail to 
form. Discrepancies between ‘varve’ count and '“C chronolo- 
gies in recent Black Sea sediments may in part be related to this 
phenomenon. 

The history of the oceans is in part the story of the pro- 
gressive oxidation of their primordial anoxic environment”’. 
Degens and Stoffers* have related the evolution of the oceans 
to the recent history of the present-day stratified waters of the 
Black Sea. The sediments of this curious body of water bear a 
striking resemblance to those deposited during Cambrian and 
Precambrian times in the bottom of some of the then existent 
world oceans’. 

Data presented here indicate that dark lamina formation in 
this meromictic body of water is intimately associated with the 
mass mortality and subsequent mineralisation of the sulphur- 
rich photosynthetic bacteria which colonise the chemocline in 
the Black Sea. 

We thank Drs Muzaffer Demir, Necla Demir, C. Karadeniz 
and A. Sengiin for assistance, Dr Egon Degens (Hamburg 
University) and staff of the Doherty-Lamant Geology Labora- 
tory for Glomar Challenger samples, and Howard Melville for 
help in electron microscopy. 
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High energy X-ray spectrum of Her X-1 


OBSERVATIONS of Her X— 1 taken during the on-state of its 
35-dcycle' between 31 August and 12 September 1977 with the 
high-energy X-ray detector on board OSO 8 are reported here. 
A detailed. analysis of the time-variable background spectrum 
suggests that the line features observed in our uncorrected 
time-averaged spectrum and those previously reported at 25, 60 
and 135 keV can be caused by a ~1% change in detector gain. 
After correcting for this effect, a 3-o upper limit of 4x 107° 
photons cm~? s™' is obtained on the line flux at 60 keV in the 
time-averaged spectrum, a flux significantly lower than that 
observed by Coe et al.’ 6 months earlier. A 3-o upper limit of 
2x 107% photon cm? s™' obtained for our pulsed spectrum at the 
same energy is higher than, and hence consistent with, the 
positive result reported by Triimper’* from a balloon flight 
during the same time interval. l 

The discovery by Triimper et al.” of two strong lines in the 
pulsed X-ray spectrum of Her X—1 has inspired many other 
groups to search for this phenomenon. The stronger of the two 
lines, at 58+ 5 keV, has now been observed by Trimper etal. on 
two separate balloon flights, one in May 1976°” and the second 
in September 1977**. The second line, at an energy of approx- 
imately 110 keV, was observed in 1976 at the 2.2 ø level, but in 
1977 the line flux had decreased to below the detection sensi- 
tivity’. The measured absolute flux values for the two lines are 
given in Table 1. The credibility of these results is greatly 
enhanced by the observation that the flux in the lines pulses with 
the same 1.24-s period measured at lower energies. The time- 
averaged source spectrum can be distorted by systematic varia- 
tions in the background spectrum or in the detector response. 
Because such variations are unlikely to occur with the same 
period as the observed pulsations from Her X — 1, the use of the 
pulsed spectrum should eliminate these systematic effects. 

No observation of Her X —1 by any other group has had the 
combination of sensitivity, energy resolution and time resolu- 
tion necessary to positively detect and resolve either of these two 
lines. The reported line fluxes obtained by other groups at 
various different energies are given in Table 1. Unless otherwise 
indicated, the tabulated values are the line fluxes averaged over 
the 1.24-s period, or they are 3-o upper limits. The standard 
deviation in the line fluxes are quoted directly from the respec- 
tive authors and, in general, include the uncertainties in line 
width and instrument response function in addition to the 
statistical uncertainties. None of these reported line fluxes is 
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greater than 2.50 although the statistical significance of the raw 
data of Coe et al.’ is somewhat higher than this. Such a 
significance level is, however, reduced if the possibility of a line 
feature at any other energy is considered”. Recent results from 
the high-energy X-ray detector on HEAO 1 indicate a pulsed 
excess above the extrapolated low-energy spectrum consistent 
with the 1977 flux observed. .by Triimper ef al. in the 38-keV 
line’. 

The observations reported here were made with the high- 
energy X-ray detector on OSO 8, which is described in detail 
elsewhere'’. The instrument is an actively shielded CsI(Na) 
scintillation detector with a sensitive area of 27.5 cm” and a 
circular field of view with a full width at half maximum (FWHM) 
of 5°, The timing resolution is 0.3125 ms for each recorded 
photon, and the energy resolution is ~25 keV (FWHM) at 


Fig. 1 The calculated counting rate spectrum of Her X-I 

determined for the total observing time from 31 August to 12 

September 1977. The counting rate is plotted on a linear scale to 

show the negative calculated fluxes at 45 keV, 70-100 keV, and 

>170 keV and also the apparent line features centred at ~60 keV 
and ~135 keV. 
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Table 1 Reported X-ray line fluxes from Her X — 1 in photons cm? s” 
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135 keV 


Date Vehicle Refs 25 keV 60 keV 110 keV 
May-June 1972 OSO 7 8 (2.4+1,.2)x107? ae ae a 
15 May 1975 Balloon 9 = <6x107° se <4x 107° 
24 June 1975 Balloon 15 a <2.6x 107? <1.9x107°? ai 
ETET ai Pulsed Pulsed 3 
ay alloon 5,6 -== 5973.0 -3 (1.4+0.6)x 107 a 
Cop oe Pulsed 
Pulsed 
3-13 Feb 1977 Ariel 5 2 cae (1.740.7)x 10°? (1.740.6)x 107% 
70-280 keV 
3 Sept 1977 Balloon 4 fa (1.140.1)x 107° <10 da 
Pulsed 
OSO 8 Pravdo <9x 107° em = 
(proportional (personal Pulsed 
31 Aug- counter) communication) 
12 Sept 1977 This paper <4x107 a <2x10~° 
OSO 8 time-averaged 
Cs] (Na) This paper <2x 107 wee <1x1077 
pulsed Pulsed Pulsed 


* M. J. Coe, personal communication. 


60 keV. The instrument is mounted in the rotating wheel section 
of OSO 8 with its field of view offset from the anti-spin axis by 5°. 
During the Her X~1 observations, the anti-spin axis of the 
spacecraft was orientated at an angle of (5+0.5) from the 
direction to the source thus causing a modulation of the source 
signal for each wheel rotation. Our method of analysis uses this 
10-s modulation to determine an accurate time-averaged source 
spectrum in the presence of the rather large and variable detec- 
tor background’*. The pulsed spectrum is determined by 
combining the on-source data modalo the source period taken 
from Pravdo et al., The photon detection times are first 
adjusted for the time-of-flight variations between the source and 
the satellite. 

The time-averaged spectrum obtained from all of our Her 
X— 1 data shown in Fig. 1 contains two significant line features, 
one at ~60 keV and the other at ~ 135 keV. These features are 
not evident, however, in the pulsed spectrum. Furthermore, the 


Fig. 2 a, Detector background spectrum for the Her X-—1 
observing time. b, The difference (x25) between two background 
spectra measured with a gain difference of 1%. 
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calculated source fluxes at 45 keV, 80 keV and > 180 keV were 
found to be negative. We now believe that the apparent line 
features and the negative source fluxes are all caused by a small 
change in the gain of the photomultipliers at each wheel rota- 
tion. Such a change in gain, of the order of 1% or less, can result 
from the changing orientation of the photomultipliers (RCA 
31016F) in the Earth’s magnetic field. A cylinder of 4-mil 
CO-NETIC magnetic shielding (Perfection Mica Co.) was put 
around each photomultiplier, but a residual variation of gain 
with magnetic field remains. This is presumably because it was 
not possible to extend the magnetic shield one diameter beyond 
the photocathode as recommended by RCA. The effect of such a 
change in gain on the detector counting rate depends on the 
shape of the background spectrum. Our background spectrum is 
shown in Fig. 2 together with the difference between two 
background spectra measured with a gain difference of 1%. 
Such a difference spectrum is the apparent source spectrum 
which would be calculated in the absence of any real source. The 
line features and the negative source strengths in the time- 
averaged Her X—1 spectrum clearly match this difference 
spectrum both in energy and in the relative amplitudes of the 
peaks and valleys. The possibility” of a third positive feature at 
25 keV is interesting although, in our measurements, such an 
excess is lost in the statistics of the real source flux at that 
energy. 

Assuming that a small gain change accounts for the features in 
the source spectrum, it is easy to compute the true ume- 
averaged spectrum. This is possible in spite of the complicated 
variations in the strength and direction of the Earth’s magnetic 
field seen by the photomultipliers as the satellite moves in its 
orbit. The shift in background spectrum resulting from the gain 
change at each wheel rotation always results in an apparent 
source spectrum equal to the difference spectrum shown in Fig. 2 
multiplied by some factor which can be either positive or 
negative. This is true only when the shape of the background 
spectrum remains constant. This is satisfied to the required 
accuracy using only data collected well out of the South Atlantic 
Anomaly. The true source spectrum is determined by subtract- 
ing the background difference spectrum, for some mean value of 
the gain change, from the calculated source spectrum. The mean 
value of the gain change can be most easily determined by a 
least-squares technique in which the assumed gain change is 
adjusted until the calculated source strengths in all energy bins 
are positive or zero to within the statistical uncertainties. The 
time-averaged spectrum obtained in this way and unfolded 
through the detector response function using the methods of 
Dolan er al.'? is shown in Fig. 3. Only data from the non-eclipsed 
parts of the four binary periods during which the source flux was 
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highest (31 August-6 September 1977) were used to obtain this 
spectrum. No significant features are evident above the 3-0 
levels given in Table 1. Positive detection-of the pulsed flux was 
made up to an energy of 33 keV and no significant features are 
observed in the pulsed spectrum above the 3-o upper limits 
given in Table 1. 

An understanding of features observed in our time- averaged 
spectrum of Her X —1 has been demonstrated in terms of small 
changes in gain of our X-ray detector. Such changes in gain can 
produce apparent line features in the spectrum at energies which 
have previously been reported in the literature. Brecher and 
Ulmer’ have pointed out the probable relationship to the detec- 
tor background of the 1.5-o feature at 25 keV in the OSO 7 
spectrum of Her X—1. Durouchoux et al.” have shown that a 
amall change in gain can explain the apparent line features at 
57.5 and 137.5 keV in their time-averaged Her X — 1 spectrum 
obtained on a balloon flight in May 1975. Coe et al.* report a line 
feature at 64+6 keV in the time-averaged Her X—1 spectrum 


Fig.3 The time-averaged spectrum of Her X — 1 for the period 31 

August to 6 September 1977, during which the intensity was at its 

highest level. The count-rate spectrum for this penod was cor- 

rected for an average change tn gain of 0.7% and unfolded through 

the detection efficiency, K-cecape probability, and detector 

resolution using the method of Dolan ef ai.’? The best fit power law- 
indicated is of the form 


(2.4+0.4)x 1077(6/25) * 7 photons em~? s~! keV™?. 


The circled points are for energy bins each the width of the detector 

resolution (1c) at that energy. None of the points in the spectrum 

deviate from the power-law fit by more than 20. The heavy lines 

show the source flux averaged over the wider energy intervals 

indicated. The vertical lines indicate 1o statistical uncertainties or 
leo upper limits. 
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from the high-energy X-ray detector on Ariel V. Attempts to 
explain their result in terms of a gain change have not been 
successful because the detector. background spectrum does not 
have the required shape”. 

The upper limits on the line features in our pulsed spectrum of 
Her X—1 are consistent with the results of Triimper et al.>’. 
They do show that the line features are not significantly stronger 
when averaged over a full binary period as compared to the flux 
measured during a relatively short balloon flight. Finally, it must 
be emphasised that the reported line at 58 keV remains highly 
credible in view of its pulsed nature. Confirmation by different 
observers and measurements with improved energy resolution 
to determine the true line width remain highly desirable objec- 
tives. 

We thank Roger Thomas, the OSO Project Scientist, for his 
efforts in making this long observation of Her X — 1 possible, and 
Steve Pravdo for supplying us with the observational parameters 
of the pulsations. G.S.M. was supported by NASA grant 
NSG 5066 and E.P.C by contract NAS5-24451. 
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Physical reality of shot noise model 
for the short-term variability of Cyg X-1 


TERRELL’ pointed out that the rapid intensity variation of Cyg 
X~1, first discovered in Uhuru observations’, was well simu- 
lated by shot noise, that is, random superposition of shot pulses 
of constant shape (ZA(t—4); £ is a random variable). Since 
then this model has become widely accepted and used to 
summarise the observational data™” which suggest the physical 
process of overlapping bursts of X-ray emission from local hot 
spots in an accretion disk around a black hole. The variability 
characteristics of shot noise are roughly determined by two 
parameters*, shot rate A and effective pulse length Te of a 
single shot A(t). Almost all the observational data so far 
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obtained seem to be consistent with shot noise having a pulse 
length of a fraction of a second—although shot rate varies from 
one observation to another—which is thought to support the 
validity of the model. This letter points out that shot noise is 
only an example—and a rather artificial one—of a random 
process which can explain the basic observed properties of the 
variation (its correlation time and magnitude) and why it does 
not need to be singled out among many types of possible 
stochastic processes. Therefore, physical interpretation of the 
observation strictly based on the shot noise parameters may be 
misleading. 

First note that a stochastic time series x(t) is described by a 
set of statistics—the first order one (x(1)) (average), the second 
order one (x(t,)x(¢,)) (variance and autocorrelation), the third 
order one (x(t;)x(t;)x(4,)) and so on. A major concern in shot 
noise analyses has been to estimate the two parameters t., and 
A from observational data. Note, however, that shot noise can 
be completely assimilated to observational data by adjusting 
h(t) so that its autocorrelation equals that of the data. The shot 
rate A is a scaling factor for the magnitude of variation. The 
shot noise generated this way gives a complete simulation of 
the data up to the second order statistics. In other words, for 
any given time series a shot noise can always be generated so 
that there is no way to distinguish them within the second order 
statistics. 

Such an all-inclusive nature of shot noise obscures the phy- 
sical meaning of the shot noise parameters, especially A if Teg 
has model-independent meaning of a characteristic time scale. 
Its applicability to data does not prove the physical reality that 
X rays are indeed emitted in pulses with shot rate A, without 
other additional supporting facts, observational or theoretical. 
Shot noise was originally introduced to explain and analyse the 
fluctuation of electric current in vacuum tubes, which is 
justified because it is essentially a quantum effect: with Cyg 
X-1 there is no such justification. 

Sutherland er al.” have discussed an extended shot noise 
model in which steady component was taken into account, 
introducing another parameter, ‘shot noise fraction’ f. This 
discussion shows that A and f cannot be uniquely determined 
by the second order statistics, and, in fact, the third moment 
(x3(t)) was used to estimate the parameters. The analysis not 
only involves the third moment whose estimation error can be 
rather large, but also depends on the assumed shape of h(t). 

The usefulness of such an analysis is examined tn the follow- 
ing example. One of the most basic and physically important 
stochastic processes, is brownian motion, its simplest model ts 
described by Langevin equation’, 


du 
~~ = yu + R(t) fm 
dit 


where u and m are velocity and mass of a brownian particle 
respectively, y is coefficient of friction, and R is random force 
acting on the particle which can usually be considered to have a 
white spectrum {infinitesimal correlation time). The resulting 
stochastic time series u(r) may be similar, in a generalised 
sense, to shot noise; fluctuations of u are generated by R and 
decay with 1/y, that is h(t)=h exp(—yr) except that h in this 
case is not a constant but follows Maxwellian distribution law. 
It is possible to apply the extended shot noise model forcibly to 
u(t), but the best fit parameters A and f will hardly have any 
physical meaning, and indicate still less the collision rate with 
surrounding particles and ‘shot fraction’. Should we try to 
apply the model introducing still higher moments to deduce the 
distribution parameters of k? The physically relevant part in 
this example is the correlation time 1/y of the fluctuation and 
the magnitude of variance (u°(t)) which is equal to kT/m 
(equipartition law), and higher order statistics are of secondary 
importance. | 

As illustrated by the above example (and relaxation and 
fluctuation theories in statistical physics), physical understand- 
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ing of variation should be sought from the second order statis- 
tics, before getting too deeply involved in a rigid model based 
on ad hoc assumptions. Assuming shot noise with A(t) and A 
defines the complete set of statistics (or the probability density) 
which is practically beyond observational tests. Whether 
variation is shot noise or gaussian noise or any other type of 
fluctuation does not affect the second order statistics; physical 
discussion is possible without such a specification. 

Finally, there are observational indications in Cyg X-1 which 
do not favour the simple shot-noise view of overlapping unit 
bursts. Ogawara et al.'' noted the energy dependence of the 
variation of the rocket data in the 1.5-25 keV range and 
discussed the compatibility with the shot-noise view. Recently I 
carried out a balloon observation’? of the short-term (~s) 
variability in the hard (=20 keV) X-ray region with a large- 
area detector, to obtain an integral, wide-band picture of the 
variation. These results, together with those of the former 
rocket observation'', suggest that the variation is essentially 
spectral, keeping the total X-ray luminosity relatively constant, 
although a narrow band observation indicates intensity varia- 
tion. A possible model of such a variation based on the inverse- 
Compton emission from a two-temperature disc around a black 
hole'*'* was suggested, which may exemplify a physical dis- 
cussion noncommittal to the higher order statistics. The detail 
of the observation and discussion will be published elsewhere. 

I thank Professors M. Oda, S. Miyamoto and Y. Ogawara for 
useful discussions. 
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The spectrum of the 
supernova in MCG43223 


A POSSIBLE SUPERNOVA in the galaxy MCG43223 was found 
by Gilmore’ on 8 May 1978. The complex emission and absorp- 
tion features of its spectrum which we have recorded are 
described below. Our findings confirm that this object is a 
supernova of Type V. 

Gilmore reported that, at the time of discovery, the object was 
~ 17.5 mag and that it was not visible on plates taken on 8 March 
and 8 April. Its presence was confirmed’ by taking a plate of the 
galaxy on 25 May using the UK 1.2 m Schmidt telescope, Siding 
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Fig. 1 Galaxy MCG43223: a, 60-min exposure on IIlaJ/GG395 

filter 28 June 1976; b, 15-min exposure on IIlaJ/GG395 filter 25 

May 1978. The scale is shown by the bar which is 20 arc s in length. 
North is at the top and east to the right. 


Counts 
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to He; and we tentatively identify He 1, C 1V and Ca 11. In 
addition the spectrum contains an absorption feature near 
A (rest) = 3,800 A which seems to be a common feature in 
supernovae spectra’. 

Comparing our data with the spectra illustrated by Greenstein 
and Minkowski*, we identify the supernova as Type V (a sub- 
class of Type II), as it shows many features in common with the 
Type II 1961 V in NGC1058*. This is the first time that a 
spectrum of a Type V has been recorded so close to maximum. 
However, there is some difficulty in making the comparison, as 
the published data for NGC1058 refer to a period ~173 d after 
maximum. For our data the spectrum must have been obtained 
between 21 and 50 d after maximum. A survey of plates taken of 
this field between 5 April 1978 and a month later should give a 
more exact timing of the maximum. The Balmer lines give 
z = 0.012. Equating this redshift with that of MCG43223 we 
obtain a distance of 65 Mpc, using H = 55 kms ' Mpc ’. With 
the estimated brightness of V~17 we obtain M,= -17.1 
assuming no absorption, which is reasonable considering the 
high galactic latitude (6=40°). This absolute magnitude 
compares well with the accepted value for Type II supernovae, 


Fig.2 The spectrum of the 

supernova in MCG43223: 

N/S refers to incomplete 

subtraction of the 5.577 
night skyline. 
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Spring. The object's position was determined? to be RA = 
13 h 27 min 32.60 s, dec = —21° 29’ 24.0" (1950), being located 
15 arcs due west of the galaxy’s nucleus. Its photographic 
magnitude was estimated to be 20.0. A print taken from the UK 
Schmidt plate is shown in Fig. 1 where it is compared with a 
prediscovery photograph. Inspection of the print indicates that 
the object seems to be situated in a spiral arm of MCG43223. 
K.H.E. and J.C.B. obtained a spectrum of this object on 29 May 
with the Boller and Chivens spectograph and Robinson 
Wampler’ image dissector scanner at the f/15 focus of the 3.9 m 
Anglo-Australian Telescope, Siding Spring. The spectograph 
gave a nominal dispersion of 200 Amm', and a slit width of 
2 arc s was used which corresponded to a final spectral resol- 
ution of ~10A. The spectrum, which has been corrected for 
non-uniformity of the detector but not for its spectral response, 
is presented in Fig. 2. Bad weather severely curtailed our 
intended programme; we were unable to obtain standard star 
spectra or a spectrum of the galaxy. 

We believe this spectrum, which shows a complex mixture of 
emission and absorption features, confirms that the object is a 
supernova in MCG43223. We have identified five features in the 
spectrum with H I, namely the Balmer series from Ha through 


M, = —17.54+0.26 given by Tammann’. We intend carrying 
out further spectroscopy on the object, providing that it does not 
fade too quickly, to monitor spectral variations. 
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Search for the 1.2 MeV 
y-ray line of Walraven and Haymes 


WALRAVEN AND HAYMES’ have reported the possible 
detection of a ~1.16 MeV y-ray line at a flux level of (3.4+ 
1.5) 107° photons cm™* s™* from a point in the galactic plane 
(l= 345°, b=5°). If correct this could be an enormously 
important result constituting the first direct confirmation of 
theories of explosive nucleosynthesis (ref. 2 and refs therein). 
Clayton et al.** have predicted that the most intense y-ray line 
to be emitted from the radioactive debris of a typical supernova 
after ~3 yr will be the 1.156 MeV line from the decay of “Ti 
(71/2 = 48 yr). However, the reported detection was at a 
marginal level of statistical significance (2.60). It was mainly the 
“remarkable double coincidence that just the theoretically- 
predicted spectral anomaly occurred” when the telescope was 
pointed at a region of the galactic plane believed to contain 
young supernova remnants, that encouraged these workers to 
report this result. Clearly an independent attempt to confirm this 
observation with a telescope of finer energy resolution is called 
for. Here we report the result of such an attempt. Our conclusion 
is that the reported positive detection was probably a statistical 
fluctuation. 

A balloon-borne high-resolution (3.2 keV FWHM at 
1.156 MeV ) y-ray telescope was flown on 11 November 1977 
from Alice Springs, Australia. The instrument was essentially 
the same as that previously described*®, but an important 
modification made for this flight was the replacement of the 
central Ge(Li) detector with a large volume, ~130cm* high- 
purity germanium detector. This necessitated an increase of the 
effective entrance aperture in the 400 1b Nal anticoincidence 
shield to 16° FWHM at 1.156 MeV. The direction (J = 345°, 
b = 5°) was tracked for 1 h starting at 23.51 UT with the balloon 
at an atmospheric depth of 3.0gcm™*, The search for the 
1.156 MeV line was terminated when our quick-look data 
revealed that no indication of the feature at the reported flux 
level was evident. 

In Fig. 1 we show the sum of all our data in the vicinity of 
1.16 MeV. Only corrections for drifts in the energy calibration 
with time have been made. No astrophysical y-ray line is 
apparent in these data nor in any of our data within hundreds of 
keV of 1.156 MeV. These data can be used to set a 1.156 MeV 
y-ray line flux limit. Using the known detector efficiency, 
instrumental dead time and atmospheric attenuation we find a 


Fig. 1 Energy spectra in the vicinity of 1.156 MeV, Raw data 
corrected only for drifts in the energy calibration. Each point 
represents a l-keV wide energy bin. 
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2a limit of less than 2.8x10°* Vwidth (in keV) photons 
cm™*s~'. Since the linewidth is expected to be ~40 keV 
(FWHM) (ref. 7) this corresponds to a 2o limit of less than 
1.8 x 107° photons cm? s~! which is a factor of two less than the 
reported intensity. Thus the reported positive detection seems 
likely to be a statistical fluctuation. 

We thank P. E. Havey, G. C. Hauser, A. F. Huters and J. J. 
Lochtefeld for technical support and the staff of the Australian 
Balloon Launching Service (led by P. Oates) and the US 
National Center for Atmospheric Research (led by H. Woody 
and R. Collett) who ensured a successful balloon flight. 
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Does the troposphere respond 
to day-to-day 
changes in solar magnetic field? 


WILCOX ET AL.’ have reported a statistical correlation 
between the solar magnetic sector structure and the vorticity 
area index (VAI) during the period 1964-70. Characteristically, 
the VAI reached a minimum 1 day after the passage of a solar 
magnetic sector boundary (SSB), with the response being 
greatest in winter and at $00 and 300 mbar. This result has been 
the basis of many subsequent studies; in particular Wilcox et al.’ 
strengthened their previous results by extending the period of 
analysis to the 11 year interval 1963-73. We have examined the 
period 1974-77 and find that this characteristic response is now 
no longer evident. 

Williams has recently*® analysed the four components of the 
Lorenz energy cycle in an attempt to clarify the physical pro- 
cesses involved in the apparent solar modulation of the VAI. 
Although no statistically significant solar effects were dis- 
covered, some similarity was found in the behaviour of the eddy 
kinetic energy (KE) and the VAI. However, the KE exhibited a 
greater averaged response to the passage of an SSB (as obtained 
using a superposed epoch analysis) during the 1960s than the 
1970s. Consequently, if there is a correlation between the KE 
and the VAI we might expect the effect of an SSB crossing on the 
VAI to also be weaker during the more recent years. This 
prompted us to extend the analysis to the period 1974-77 to 
determine whether or not the characteristic response of the VAI 
still existed during these years. 

The VAI was calculated by the method described previously’ 
using the National Meteorological Center data available at the 
National Center for Atmospheric Research. The VAI, at a 
particular pressure level, is defined to be that area of the 
Northern Hemisphere north of 20°N in which the absolute 
vorticity exceeds 24 x 107° s™ plus that area in which it exceeds 
20x 10°°s7!. This is a modification of the original index defined 
by Roberts and Olson’. In order to match the previous work, a 
superimposed epoch analysis was performed using the VAI and 
SSBs? during the winter months 1 November-31 March. 
However, we required that all the VAI data be in this interval 
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Fig. 1 Results of superposed epoch analysis of VAI plotted 
against SSBs during the periods indicated. n, no of SSB’s included. 
a, 500 mbar; 6, 300 mbar. 


whereas the criterion used by Wilcox etal.’ was that all the SSBs 
be in it. Our requirement eliminates 11 key days used by Wilcox? 
and 1 during the interval 1974-77. In all other aspects our 
approach is identical to that of Wilcox et al.. 

Figure la illustrates the results at 500 mbar. For the interval 
1963-73 we obtained results consistent with those of previous 
authors. This satisfied us that we were using the same analysis 
techniques as had been used in the earlier studies. However, for 
the years 1974-77 (our analysis ended in March 1977 so that 33 
years are included) we find a response completely unlike that of 
the previous years. Similarly, at 300 mbar Fig. 1b shows that 
although the absolute minimum is still on day +1 the magnitude 
of this response, at best, is greatly reduced. We thus find 
evidence to support the hypothesis of a correlation between the 
VAI and the KE. 

In order to interpret this result we sought differences between 
the two time intervals which might qualitatively explain our 
findings. First, although the new result is for a short time 
interval, the number of key dates analysed, 49, is comparable to 
the 54 first analysed between 1964-70. Second, it may be argued 
that the years 1974-77 spanned a solar minimum so that we may 
expect little solar effect on the weather. This hypothesis was 
tested by examining a similar 35 year period, 1963-66, which 
covered the previous solar minimum. However, during these 
years the VAI clearly exhibited the characteristic response to 
the passage of the SSBs’. It therefore seems unlikely that the 
new result was caused by a lack of solar activity. Third, since a 
superimposed epoch analysis is essentially a cross correlation 


Fig. 2 Histograms of width of sectors analysed in each period. 


C] 1964.73 
1974-77 


No. of sectors 





Spots RY RIAA RSE URS 
2 4 6 8 1 12 14 16 18 20 22 24 
Width of sectors in days 


0028--0836/78/0275—0201$01 06 


201 








integral, the results depend on any periodicities in either dataset, 
Thus, in this study, any differences in the spectrum of separation 
of key dates would influence the results. However, no obvious 


differences are evident in the histograms of sector widths as _ 


shown in Fig. 2. Fourth, it is clear from Fig. 1 that the typical 
values of the VAI are much lower during the more recent years. 
This suggests the possibility that the atmosphere is not m a 
‘suitable state’ to respond to a solar impulse when the VAI is 
low. Finally, there is the possibility that the years 1963-73 or 
1974-77 are yielding an anomalous result. Neither of these 
possibilities may be discounted using the current database. 

As this is a purely statistical study there is no method for 
conclusively proving which, if any, of the last three possibilities is 
the correct interpretation. However, since there are, at present, 
no workable physical mechanisms, it seems that the simplest 
interpretation is that the years 1963-73 yielded an anomalous 
result which was of unusually high statistical significance’ and 
which was self-consistent for an unusually long time. We there- 
fore conclude that our work weakens the evidence for this 
particular sun—weather correlation. 
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Ordered arrangements of 
spheres of two different sizes in opal 


GEM OPALS consist of a regularly ordered array of silica 
spheres of uniform size’. Generally in any given gem stone the 
uniformity is maintained throughout the gem, although 
occasional samples contain bands in which the size varies from 
band to band. A sample of Brazilian gem opal of this banded 
type has now been found to contain a band in which there are 
spheres of two different sizes mixed together. Long-range 
ordering within this mixture has produced several different types 
of regular superstructures, which can be seen in section in 
electron micrographs of replicas of chips of this specimen (Fig. 
1). 

Packing arrangements of monodispersed spherical particles 
are of great general interest, and suspended latex spheres may 
order under the influence of electrostatic interaction from the 
surface double layers’. Close-packed ordering also achieves a 
higher density than random packing, and it is generally 
conceded, but not proved, that a system of an infinite number of 
uniformly-sized spheres achieves its maximum density by 
regular close-packing’. The monodispersed spheres of silica in 
gem opal have been found to be packed in a close-packed 
manner’. Arrangements of mixtures of two sizes of sphere have 
been investigated experimentally’ and by computer simulation® 
in order to determine packing densities, and to find out how the 
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packing arrangement of one component is modified by the 
introduction of a second component of different size. No long- 
range ordering of the two components was observed in any of 
these cases, despite vibration of the arrays to simulate 
annealing’. 

The regular arrangements of the two sizes of sphere in this 
unusual Brazilian sample were found in a number of replica 
fragments of a few chips from a single sample. The specimens 
used for electron microscopy were casually fractured, and so 
exposed surfaces of random orientation with respect to the 
array, with the orientation varying from fragment to fragment. 
The pieces of replica could not be related back to the original 
specimen. The appearance in an electron micrograph of a 
section through an array is expected to depend very much on the 
orientation of the section, but several different sections from this 
specimen could be recognised as coming from the same 
arrangement, and different ordered arrangements could be 
distinguished. Two approximate structures (to be described 
elsewhere) have been deduced from electron micrographs. 

It appears that in this part of the opal there are just two sizes of 
sphere, with diameters of 0.18 and 0.1 um respectively. In those 
places where ordering was observed it was most extensive, 
covering, for example, most of the area of a fragment of replica 
on a grid, for example, 1-2 mm. The different structural 
arrangements seem to be related to variations of the proportions 
of the two sizes of sphere in different places. Some places 
contained disordered mixtures of the two sizes, and in one place 
there was a boundary across which small spheres appeared to 
have penetrated into an array of larger ones. An example of part 
of the exposed surface of one of the ordered arrangements is 
shown in Fig. 1: it shows large spheres regularly dispersed 
among small ones, and close inspection shows that there is also a 
complex ordered arrangement of the small ones. How did the 
mixture of two sizes of spheres form and what was the driving 
force for long-range ordering? 

It has been suggested’ that uniformity of sphere size in natural 
gem opal resulted from very slow, steady, near equilibrium 
conditions for the precipitation of silica from an underground 
solution, It is not clear what creates close-packing in the natural 
system. However, in laboratory experiments, monodispersed 
silica spheres settle quickly to a layer at the bottom of a vessel, 
and order (as shown by the formation of columnar grains 
exhibiting iridescence) increases over a period of months. 

It seems likely that an understanding of the reasons for the 
ordering of the two sphere sizes found in the Brazilian sample 
might shed new light on the mechanism of opal formation. We 
have considered two possible mechanisms which could lead to 
ordering in the Brazilian sample. First, the two sizes of silica 
spheres might have formed concurrently and ordered whilst in 


Fig. 1 A small area of extensively ordered array of spheres of 

silica of two different sizes. A unit cell of surface structure is 

marked. The axes have been determined by relating this micro- 

graph to sections found in other micrographs. The arrangement of 

small spheres varies slightly across the field of view because the 
section is slightly inclined to an axis. 
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the colloidal state under the influence of long range double layer 
repulsions. This order could then be retained during sedimen- 
tation and compaction. Alternatively, ordering might have 
occurred solely under the influence of the Earth’s gravitational 
field during compaction. This allows an alternative possibility of 
the two sphere sizes forming at different times and mixing by 
infiltration of the smaller spheres after an initial settling. 

The first possibility is based on the knowledge that colloids 
consisting of spherical particles of equal size can order under the 
influence of repulsive double layer forces. The question here 
arises as to what sort of ordering would be favoured by a colloid 
containing particles of two sizes. Would colloid theory predict a 
two-phase system with one phase containing small particles and 
the other phase containing large particles, or would a single 
mixed phase be preferred? A partial answer to this question has 
been obtained by considering pairwise potentials arising from 
van der Waals” and double-layer forces'° between large spheres 
(Uaa), small spheres (Ugg), and mixed, large and small spheres 
(U an). For the simplest case of a system with equal numbers of 
small and large spheres we can simply regard the system as 
analogous to a binary alloy (see, for example, ref. 11). If then we 
find that Uaa + Ugg >2U ap, we conclude that a single mixed 
particle phase will result. Our calculations based on the obser- 
ved sizes show that for systems with reasonably large double- 
layer interactions the above inequality is valid, down to a 
separation of the surfaces of the particles of about 50 A, indicat- 
ing that colloidal ordering could be responsible for the type of 
structures observed. As interparticle separations become less 
than 50 A van der Waals forces become increasingly important 
and finally cause the particles to cohere strongly. At some later 
stage evaporation of the parent solution precipitates a final 
residue of silica which forms a cement and imparts additional 
strength to the opal. Gravity may play a part in compaction 
through sedimentation during opal formation in this model but 
is not essential to the ordering process. 

The second ordering mechanism is one in which gravity is the 
controlling influence. One difficulty with the colloid model is in 
understanding how two quite distinct particle sizes could have 
been formed concurrently. In the gravity-controlled model we 
suppose that the smaller particles were formed after the larger 
ones, and penetrated into an already settled, but not yet 
compacted array of large spheres. Laboratory observations have 
confirmed that this process is possible for latex spheres'*. In 
these conditions sufficiently close contact would be maintained 
that pairwise interactions would be dominated by van der Waals 
forces. Our calculation shows that these forces alone do not 
favour the formation of a single phase, and therefore gravity 
must provide the ordering potential in this case. It follows that 
the stable system should be the one with the highest density. The 
density of the single phase would then be required to be higher 
than that of a close-packed monodispersed system, and this is 
certainly the case for one of the structures observed in Brazilian 
opal. 

We conclude that it is not yet possible to determine which of 
the two suggested mechanisms of ordering occurs in the natural 
growth of opal. The fact that both major driving forces lead to a 
preferred AB (single phase) structure means that we are unable 
to use the two sphere size regions of the Brazilian gem to 
distinguish between the mechanisms. In nature both 
mechanisms may in fact operate. Their relative influences will 
depend on the precise physical and chemical characteristics of 
the parent solution, for example density, pH and ionic concen- 
tration. 
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Anisotropy of melting for cubic metals 


KINETIC studies of superheating of metals’? have shown that 
surfaces play an important part in initiatin ting melting. Recent 
work on the anisotropy of vapour pressure” suggests a strong 
dependence of melting on crystallographic orientation. There 
are models of melting” which indicate that surfaces may 
become disordered (that is, lose their long-range order) at 
temperatures below the bulk-melting point. These temperatures 
are characteristics of the crystallographic planes of a metal. 
Based on simple considerations, we attempt here to estimate the 
melting temperatures of major low-index planes for close- 
packed cubic metals. The results are discussed in terms of 
low-energy electron diffraction (LEED) study and current 
theories of melting. 

On the basis of Lindemann’s melting criterion, one can 
express in terms of harmonic approximation the relation 
between Debye temperature @p, melting point Ty, atomic 
weight M and mean-square amplitude of atomic vibration (u?) 
as 


65 = C(u’) [Ty /M] (1) 


where C, a constant, is equal to 9A7/k, with A denoting the 
reduced Pianck’s constant and kp the Boltzmann's constant. It 
has been well established through both tal measure- 
ments and theoretical calculations that (u*) is much larger at a 
surface than in the bulk’. Consequently, the degree of anhar- 
monicity should be much greater at the surface than in the bulk. 
From the various methods of studying surface anharmonicity’®, 
the simple force constant method, which is based on anharmonic 
perturbation theory, is used here. Only the normal component 
of mean-square displacement denoted by (u?) is considered, as 
it is this parameter which is generally greater than the tangential 
component. The ratio of this value for surface (S) and bulk (B) 
that is, (47 )s/(w7) for various crystallographic planes, is only 
known for close-packed cubic metals as 1.87, 1.83 and 1.86 for 
(100), (110) and (111) planes, respectively’'. An analysis of 
equation (1) in terms of surface and bulk components followed 
by rearrangement would give 


Tyas (AKT) = [(u1 )s/(u)e)[pa(AKD)/ Opa)’ The (2) 


A subsequent estimation of Ty(Ak/) for planes (Ak/) is pre- 
sented in Table 1 for metals for which the various parameters of 
equation (2) are known’*""*. 

The present results on Tyg3(Ak/) are considered to be fairly 
reasonable. For example, the surface melting temperature for 
Pb, which varies from (111) to (110) planes over a range of 49 K, 
is comparable with the 40 K obtained from LEED studies’. It is, 
of course, evident from equation (2) that Tig values would 
depend on the choice of the ratio (u?)s/{u*), and on the 
adequate calculation of surface Debye temperature @p,5(hk/) 
which is primarily based on summation of Morse potentials'?. 

It has been pointed out’* that Lindemann’s melting hypoth- 
esis consistently predicts the absolute melting temperature too 
high. It is argued in terms of amplitude of vibration of surface 
atoms that the ‘critical amplitude’ (for melting) will be reached 
at the surface before the interior. This view has been confirmed 
by LEED results’ and molecular dynamics studies*. The results 
in Table 1, with Tyg, being consistently higher than Tyg, there- 
fore agree with the above concept. It is also evident from Table 1 
that Ties decreases from (111) to (110) planes. Such a trend 
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Table 1 Some thermal properties of close-packed cubic metals 


Bulk component Surface component 
Debye 
Debye Melting ee Melting point$ 
* pomtł rs (K) Tua Œ) 
Metal fos (K) . Tig (K) T (100) (111) (110) (100) (111) 
Ag 226.5 1,233 142 _42 147 887 906 966 
Cu 334.4 1,356 191 .92 196 809 836 866 
Ni 476.0 1,728 225 225 230 706 722 750 
Pb 105.3 600 54 56 58 289 317 338 
Pt 238.4 2,042 167 166 174 1,837 1,851 2,023 


“Ref 13. tRef. 14. Ref. 12. 
$Estrmated using equation (2). 


apparently indicates the dependeace of melting point on the 
density of packing of atoms in a par-icular crystal plane. One can 
thus conclude that a maximum vibrational instability is asso- 
ciated with the least densely packad plane. This conclusion is 
consistent with the theories of melting iSi? Following the work 
of Maradudin et al.°, one would expect the amplitude of atomic 
vibrations to be maximal for planes with the least atomic packing 
density. It is known that the Debye temperature is closely 
related to the amplitude of vibration. As a result, 6ps is expected 
to be lower with less closely packed planes; this is apparent in 
Jackson’s results’. Because, according to Lindemann’s cri- 
terion, the melting point of a metal s directly proportional to the 
Debye temperature (equation 1), the lowest melting point is 
expected for a plane with the lowest surface Debye temperature, 
that is, with least close packing o? atoms, as indeed has been 
indicated in the present work. Om the basis of the estimated 
values of Table 1, a satisfactory quantitative relation has been 
obtained between Tyg(hk/) and work function of the single 
crystal faces of a bare metal possessing close-packed cubic 
structure’®. 
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Superheated liquids 
containing suspended particles 


THE superheat temperature limits of particle-free liquids have 
been previously investigated, noteble by Sknpov’, Blander et 
al.*, Apfel’ and Porteous‘. Examinations of the homogeneous 
nucleation of liquid pentane have -ound the experimental limit 
of superheat temperature to be 146.5°C, which agrees well with 
the theoretical limit of superheat of 147.7°C calculated by 
Blander ef al? using the theories of Dédring’, Volmer® and 
Kagan’. Studies of superheating pare liquids have stressed the 
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Fig. 1 a, Alumina (0.06 pm), run 3-15A; b, sericite (50 um), 
run 3-14AC; c, carbon black (0.47 pm), run 6-12A. Particles 
suspended in pentane. 


importance of keeping the liquid phase scrupulously clean and 
noted that the presence of ‘motes’ and particles interfered with 
obtaining experimentally consistent results because these served 
as nucleation centres; however, we know of no previous explicit 
study on the effects of suspended particles. We now report that 
liquid pentane and pentane/chloroform mixtures containing 
suspended solid hydrophobic and hydrophilic particles (carbon 
black, alumina, sericite) have been superheated as high as 110°C 
above their normal boiling points, and to within 3°C of the 
theoretical homogeneous limit of superheat of the particle-free 
liquid. This is the highest degree of superheat ever reported for 
liquids in the presence of solids other than smooth glass capil- 
laries. 

We examined the superheating of liquid n-pentane containing 
various amounts of suspended carbon black (Cabot; MT-X25, 
0.47 um diameter, Sterling R, 0.075 um), alumina (Rhode 
Island Abrasives, 0.05pm) and the mineral  sericite 
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[((OH)KAL(AISi;0,5)] (50 pm). We used a method of super- 
heating liquids modified from that of Defour®, who superheated 
droplets of test liquid suspended in an immiscible, less volatile, 
host liquid, that acted as a ‘liquid skinned’ vessel, thereby 
avoiding contact with a solid container wall. We used a thermal 
gradient column modelled after those used by Moore’, 
Skripov'®, Apfel®, Blander et al.” and Porteous’. 

Pentane droplets (~1 mm diameter) were heated above their 
normal boiling point (36.1°C) as they ascended slowly in a 
47-mm i.d. glass column filled with ethylene glycol (host liquid), 
in which a vertical temperature gradient existed. The gradient 
section of the column was heated electrically with a spiral 
winding of nichrome wire. The spiral pitch decreased from 2 cm 
at the lower end of the column to 0.5 cm near the top. The 
temperature gradient ranged over 4.0-1.5 °C cm™ in the zone 
of superheat nucleations. The lower section of the column was 
unheated to permit calculation of the droplet diameter from its 
rate of rise. Temperatures at which nucleation occurred 
(explosively) were measured with thermocouples immersed in 
the host liquid at the level of nucleation. 

Solid particles were suspended in the pentane by stirring. The 
suspensions were unstable and were stirred immediately before 
use. Pentane/chloroform solutions were also used because the 
polar chloroform improved the stability of the suspensions of 
carbon black. We found that superheat limits of the particle-free 
pentane/chloroform solutions were in approximate agreement 
with the molar average superheat limits of the pure 
components'’, and that the effect of carbon particles on the 
superheat limit of the mixed solvent was generally less than on 
the pure solvent. The chloroform not only stabilised the carbon 
but inhibited its nucleation propensity. 

Our primary results are summarised in Table 1 and Fig. 1; the 
latter shows histograms of the percentage of total nucleation 
events against temperature. The nucleation temperatures for 
alumina (Fig. 1a) and sericite suspensions (Fig. 15) are narrowly 
distributed, with means at 144.1 °C and 145.4 °C, respectively. 
The superheats attained with carbon black suspensions are 
lower (139.4°C) and more broadly distributed, probably 
because of adsorption of gas on the carbon particles. Figure 1c is 
a histogram for a carbon black/ pentane suspension (run 6-12A) 
which was refluxed for 18h to drive off entrapped gas before 
injection into the superheating column. The deviation of 
nucleation temperatures is narrower, and the mean temperature 
of nucleation higher than for carbon suspensions with shorter 
pretreatment times. 
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Table 1 Superheating of suspensions 
ice E ste te lige aS aN Es a a E TA EI NO a gee thee 


Soak 
Soak temperature 
Particle Run no. time CC) 
50/50 vol. % None 4-3F — — 
pentane/chloroform 
Carbon black 4-6AG ih 24 
(Sterling R) 
Carbon black 4-3E ih 24 
(MT-X25) 
Carbon black 4-4D] ih 24 
(MT-X25) 
100 vol. % None 3-6A mmea am 
pentane 
Sericite 3~14AC th 24 
Alumina 3-15A ih 24 
Carbon black 3-15B 1 min 24 
(MT-X25) 
3-11E 15 min 24 
3-11D ih 24 
3-11C 3h 24 
2-28 lh 31.6 
§-12A 18h 31.6 


Mean Mean 
particle Bulk volume ebullition 
diameter % solids in No. of temperature Standard 
(um) test droplet observations CC) deviation 
-— — 34 156.4 3.07 
0.075 0.6 28 155.1 2.69 
0.47 4.0 32 153.8 2.20 
0.47 6.0 32 150.5 3.81 
— 69 146.5 0.96 
50.2 14.0 72 145.4 1.76 
0.06 12.0 108 144.1 1.57 
0.47 10.0 41 110.2 10.1 
121 126.5 10.7 
136 131.4 8.4 
94 132.4 8.82 
143 133.0 4.50 
80 139.4 6.53 
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Fig. 2 Electron micrograph of sericite particle. Scale bar = 
40 um. 


Carbon black particles are hydrophobic, whereas the alumina 
and sericite are hydrophilic. The consequent different wettabili- 
ties do not explain the observed superheat limit differences, 
that is, that the hydrophilic particles show a higher limit than the 
hydrophobic. 

In general, the results are consistent with the nucleation 
theory of Volmer‘, as extended by Cole'’, Jarvis’? and Eber- 
hart'*. The theoretical effect of interfacial energies on the limit 
of superheat would be that a change in wetting angle from 0° to 
>90°C changes the calculated limits of superheat by only 
2-3 °C. The difference in the superheat limits observed for the 
carbon suspensions and the inorganic suspensions must there- 
fore reside in the gas adsorption capacity of the former. 

In spite of the agreement with nucleation theory, the results 
may seem counter-intuitive because we tend to think of a 
particle as a discontinuity in the liquid phase and, hence, a point 
where phase separation is likely to occur. The careful filtration 
and cleaning of fluids by other investigators would seem to have 
had little effect on their experimental results other than remov- 
ing particles that contained entrapped gas. 

Previous studies of superheated liquids in contact with solid 
surfaces other than freshly drawn glass or silica capillaries'*~'* 
failed to produce superheats of pentane in excess of 10°C, 
whereas this study produced superheats of 74-110 °C. That our 
surfaces are not smooth is evident from the electron micrograph 
shown in Fig. 2. Nevertheless, our liquid-solid interfaces suffer 
the initiation of a vapour phase about as reluctantly as does 
homogeneous liquid. ; 

We thank Professor Lloyd Trefethen for bringing ref. 8 
to our attention. This work was supported by NSF grant 
ENG-74-19478. 
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The problem of the thrown string 


ULAM' reports that “there was another problem which Fermi 
wanted to study but which we somehow never came to formulate 
well or to work on. He said one day, ‘it would be interesting to do 
something purely kinematical. Imagine a chain consisting of 
very many links, rigid, but free to ~otate around each other. It 
would be curious to see what shapes the chain would assume 
when it was thrown on a table, by studying purely the effects of 
the initial energy and constraints, no forces’. Synge’ posed the 
problem of estimating the average D of the rectilinear distance 
D between the ends of a flexible string of length L when thrown 
down at random on a table. Later’ he published conceptual 
models and some experiments which together increased the 
challenge (recently restated by Kirgman’*): the models yielded 
values of D/L equal either to 0 cr 1 unity, whereas in three 
experimental series by different throwers of different strings, the 
values obtained were 0.32 (100 throws), 0.34 (50 throws) and 
0.38 (60 throws). (Only for the last of these was the value of 
D?/L? also recorded, at 0.18.) Synge wrote*: “the agreement of 
the results is rather striking and ore might hope to explain the 
numerical value (say 1/3) on theoretical grounds ....I hoped 
that someone would suggest a way of treating directly a system 
with an infinite number of degrees of freedom, but perhaps no 
such way exists”. Here we propose a solution along the desired 
lines by kinematical means. 

Consider first the thrown string before it touches the table. 
Supposing that the rectilinear dista ice between its ends is x, how 
are the configurations of the string constrained by its continuity 
and its length? No element of the string can lie outside the 
ellipsoid having semi-axes $L, 3(2°—x°)'?, {L° — x?) ?, with 
the ends of the string at its foci; and. any point within the ellipsoid 
may be intersected by the string. Thus the continuous nature of 
the string associates the accessible volume wL(L°—x*)/6 with 
each value of x. We make this feature of the problem central to 
our treatment, and postulate that the probability density of x is 
proportional to the associated accessible volume. According to 
this postulate, if a large number N of throws is made, the 
number of cases for which the separation distance lies in the 
interval (x, x +dx) is 3N(L*—x*)dx/2L’*, the proportionality 
factor being fixed by normalisation. 

Next we introduce the vector x (of length x ) from the lower to 
the higher end of the string, at the moment of impact of the string 
with the table, and model the effect on the separation distance of 
the collapse of the string onto the (horizontal) table, by pro- 
jecting x on to the plane. Let @ be the smaller angle between x 
and the vertical. Assuming that the throws do not generate 
preferred values of 6, we adopt an isotropic distribution of 
(upwards) x-directions, and seek :he distribution of projected 
lengths D =x sin @. Consider the hemispherical surface of 
radius x lying flat on the table: ts element belonging to the 
interval (8, @+d@) contains the fraction 2r (x sin @)(x d@)/27x° 
(= sin 8 d@) of the vertices of the vectors x drawn from the 
centre. 

Then the number out of N thrcws for which, at impact with 
the table, the separation distance lies in (x, x +dx) and the 
orienation angle in (@, 8@+d@), is given by 


3N(L*—x*) 


n(x, 0) dx dð = —————— sin 8 d@ dix (1) 


2I 


To obtain the observed distribution of the projections D = 
x sin 6, we change the independent variables x, 8 in equation (1) 
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to x, D (Jacobian (x*~ D*)"'’*), and integrate over x: 








3NDf (4 | 
n(D)dD >n p (L*/x — x)(x? — D°? ar] dD 
(2) 
_[3N 3ND 2_ py? 4 | 
= > arc cos (D/L) TE (L7 - D?) a 


Hence the probability density w(A) for the ratio A = D/L is 
3 2y1/2 
w(A)=zlarccosA =A (1 -A rg (3) 


and for the density v(u) of u = D*/L? we find 


oe 


v(u)= 


Both w and v are convef and monotonically decreasing in the 
interval (0,1). While œ falls with only slight curvature from 
32/4 to zero, v falls fron infinity to zero. 

From equation (3) we obtain by straightforward integration 
the numerical values of the observables: A = D/L = 32/32 = 
0.29, A?= D?/L? = 2/15~0.13. Considering the simplicity of 
our probabilistic postulate, these values compare favourably 
with the observations quoted above. At the conventional 0.05 
significance level, there is no significant difference between the 
theoretical variance 0.046 and the observed variance 0.036, nor 
between the theoretical mean and the observed means in two of 
the experimental series. However, the differences of the 
theoretical mean from the largest observed mean, and from the 
mean of the pooled observations, are significant. 

If the string was thrown so as to keep it in a plane parallel to 
the table throughout, the counterpart of w would be constructed 
by replacing the ellipsoid by an ellipse, with the results D/L = 
4/32 =0.42, D’/L?=0.25. We note that all the observed 
means lie between those calculated from the ellipsoid and from 
the ellipse, and the observed mean square is correspondingly 
bracketed. This may be because (some of) the throws were made 
near the table and along it. 

How does the above analysis apply in the case of a segment of 
length L belonging to a longer string? In this case our original 
postulate might require non-trivial modification to take account 
of the presence of extraneous bodies, namely the extra portions 
of string. The problem of the thrown string has points of 
contact with properties of coiling macromolecules in solution, 
especially when approached as a limit of a chain”. However. 
systematic results for the former problem depend on persisting 
effects of the randomisation of initial conditions, whereas for the 
coiling molecules results depend on the more special state of 
thermodynamic equilibrium, independent of initial conditions. 

We thank Professor J. F. C. Kingman and G. B. Price for 
interesting discussions. 
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The crystal structure of a 
hydrated gramicidin S-urea complex 


THE cyclic decapeptide antibiotic gramicidin S has the sequence 


ee 
Phe Leu OrVal Pron 


Since its isolation by Gause and Brazhnikova’, several authors 
have proposed possible conformations’ '°. Of these models, the 
one that has gained most general acceptance is that of Hodgkin 
and Oughton’, who proposed that the structure consisted of two 
-chains linked by proline residues and stabilised by four 
intramolecular hydrogen bonds. Several derivatives of grami- 
cidin S have been crystallised” ‘1! ‘but it had not been possible to 
solve any of the structures’? We now report the structure of a 
gramicidin S—urea complex in which the gramicidin molecule 
has a conformation somewhat distorted from the Hodgkin- 
Oughton model. 

In the presence of urea and HCl, gramicidin S crystallises as 
yellow elongated prisms from a solution in 95% ethanol. Crystal 
data: trigonal, a = 25.8, c = 21.49 A, space group P3,21, Da = 
1.10, D. = 1.06 (based on CoN 120 i10He> : 3((NH.2),CO] i 8H.O, 
Z =6). Data collected on a Hilger and Watts Y290 4-circle 
diffractomer consisted of 5,695 observed reflections out of 
6,353 measured. Because of crystal instability it was necessary 
to use several crystals during data collection. 





Fig. 1 Most of the side chains are omitted from the diagrams for 
the sake of clarity. a, A view of the molecule showing the four 
inter-chain hydrogen bonds, and the essential similarity of the 
structure to that proposed by Hodgkin and Oughton. $, A view 
showing the twist in the moleculer backbone, and the unpredicted 
hydrogen bond involving the ornithine side chain. c, d, Two views 
related to each other by a rotation of approximately 180°, showing 
that the molecular backbone has approximate 2-fold symmetry. 


The structure was solved by use of the multiple-solution direct 
methods program MULTAN” developed in this laboratory. 
100 phase sets were generated for 350 reflections (Emin = 1.86), 
using 4,897 triple-phase invariants. The starting set consisted 
of one origin-defining and six other reflections (one with 
restricted phase and five with general phases). The phase set 
with the greatest combined figure of merit corresponded to an 
E-map which contained a 58-atom molecular fragment, and 
subsequent weighted E-maps revealed the remainder of the 
molecule and one half-molecule of urea. 

The atomic coordinates and isotropic temperature factors 
were refined by the diagonal least-squares method, using fast 
Fourier transform techniques to generate structure factors and 
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gradients'*. Refinement based on the 4,902 observed reflections 
within the sphere of 1.0 A resolution gave an R-factor of 0.188, 
with approximate estimated standard deviations for the posi- 
tions of carbon atoms within the main chain of 0.04 A. The 
isotropic temperature factors (B) ranged from 5.0 to 25.1 A’. 
Because of the high thermal motion and the limited quality of 
the data, there is some uncertainty in the positions but not the 
presence of some of the side-chain atoms. 

The molecular structure is basically similar to that of the 
model proposed by Hodgkin and Oughton’. Figure 1a shows 
the four hydrogen bonds predicted from the model. The 
molecular backbone, however, is twisted from that of the model 
in such a way as to retain the approximate 2-fold symmetry but 
so that the hydrogen bonds between the two halves of the 
molecule are no longer parallel (Fig. 1b—d). In addition to these 
four intermolecular hydrogen bonds, there is an intramolecular 
hydrogen bond (N-O distance —2.88 A) between one of the 
ornithine side-chain nitrogen atoms and the D-phenylalanine 
carbonyl oxygen atom which had not been predicted. The other 
ornithine nitrogen atom cannot take part in such a hydrogen 
bond but has a close, potentially nysrogen Donde’: contact to a 
water molecule. 

The crystal packing is aparently stabilised by many hydro- 
gen-bonding interactions. For each gramicidin molecule there is 
one half-molecule of urea (occupying a site on a crystallographic 
2-fold axis) and eight molecules of water (six in general posi- 
tions, two on 2-fold axes and one disordered between two sites 
approximately 1 A apart). All these small molecules are within 
hydrogen-bonding distance, either of the gramicidin molecule 
or of each other. In addition to the possible intermolecular 
hydrogen bonding involving the small molecules, there is a 
hydrogen bond between atoms in the backbone of two grami- 
cidin molecules related by a 2-fold axis (N-O distance —2.73 A). 
All the polar atoms in the gramicidin molecule are involved in 
short, probably hydrogen-bonding, contacts of one of the types 
mentioned above, as are all the solvent molecules. 

We are continuing our efforts to obtain more accurate data for 
the structure. 

We thank the SRC for its support of this investigation; R.K. 
thanks the British Council for the award of a Research Fellow- 
ship. 
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Thermoluminescence dating of 
sediment baked by 
lava flows of the Chaine des Puys 


AN earlier attempt’ to use thermoluminescence (TL) for 
determining the age of Quaternary lava flows, and in particular 
of the magnetically reversed’ Laschamp and Olby flows of the 
Chaine des Puys in the French Massif Central, was frustrated by 
anomalous fading of the TL. This anomalous fading seems to be 
exhibited by most of the TL-sensitive minerals in lava and is 
probably due to wave mechanical leakage of electrons out of 


traps to nearby defects**. It has not been observed in quartz’ but 


only minimal quantities of this mineral are present in the basaltic 
flows of the Chaîne des Puys. Although the TL phototransfer 
technique is a promising’ way of using traps that are immune to 
anomalous fading, it has not yet proved possible to obtain TL 
dates directly from volcanic lava {although an empirical tech- 
nique has achieved relative dating in one particular appli- 
cation®). We report here the TL dates for the baking by lava of 
clay and sediment, thereby avoiding the malign TL charac- 
teristics of the lava itself. TL dating of baked clay in the form of 
archaeological pottery is well established’ and the procedures 
developed in that application were followed here. Some of the — 
dates obtained are of particular interest because of the likely 
association’ of one of the lava flows concerned, that at Royat, 
with the magnetically reversed fows mentioned above. An 
average TL age for the latter of 33,00044,000 yr has been 
obtained by Valladas et al.*”: this is based on quartz extracted 
from a granitic inclusion found i in the Laschamp flow and an 
underlying quartz pebble heated by the Olby flow. 

Table 1 lists the results obtained from two exposures of baked 
sediment that had been heated by the Royat flow; this flow 
originated in the region of the Petit Puy de Déme and moved 
down the valley of La Tiretaine through Fontanas and Royat to 
Chamaliéres (see ref. 10). The upper of these two exposures 
(samples j1, j3.1, 3.2, [11 and j42—pointed out to MLA. by A. 
Roche in September 1976) lies in Royat on the North side of the 
Avenue de la Vallée facing the entrance to the car park (on the 
west side of which is La Grotte des Laveuses). The sediment at 
this location was plentiful and consisted of well consolidated red 
baked clay firmly adhering to lava at one boundary. 
Palacomagnetic measurements by Barbetti and Flude (personal 
communication) on two orientated samples of the baked clay 
collected at the same time as those for TL gave directions within - 


Fig.1 Plateau test; the ratio of natural TL to natural plus artificial 

TL as a function of glow-curve temperature, for a, reddened layer 

(71); and b, unreddened layer (above jI). Other unreddened layers 

show similar behaviour. The artificial dose was 9 krad for a and 
17 krad fer b. 
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Table 1 Royat locations (45°45' N, 3°03’ E) | 
or merreerrmnarnnauinannninaneseneannanteetirtaininetianirmatnnanumntrennntnittt teeter roteeensuertemnreanereneattntrtetntnimnnemnnanasiesnttettreratamenneennsnsntevienamnnyttittninenttee ear tunteisantninteretttrnntrinrernmntrfonmnitettitnchmrdrentreett ttn ienrr-mrvemnuuininsytnvirtnatiritinminmnmanintst_yeyaiprterenenamnssinne 
Water content Dose-rates (rad yr™') 





Ancient (% of dry TL age 
Sample dose (krad) weight) Effective a- B y + cosmic (yr x 107%) 
Upper location 
jl 9.0 24 0.125 0.139 0.11 2442.7 
73.1 11.2 20 0.085 0.132 0.11 3443.6 
(3.2 9.9 20 0.137 0.132 0.11 2642.7 
jil 8.9 24 0.156 0,157 0.11 2i£ig 
j42 11.2 26 0.109 0.126 0.11 32+3.2 
Lower location 
j32 14.3 27 0.198 0.182 0.12 2942.8 
j34 14.0 23 0.161 0.186 0.12 30+2.6 





Mean age (weighted) = 25.8 x 10° yr; standard error = 1.7 x 10° yr; predict 4 error = 2.2 x 10° yr (random plus systematic). 


3° of the rather abnormal result found’’'? for lava samples 
collected from the same location (declination 62° W, inclination 
+70°, œs = 3.5°; location 24 in ref. 12). Similar ancient direc- 
tions for this flow both in respect of lava and in respect of 
associated baked sediment were found’? some 75 yr ago by 
Brunhes and David! 

The lower location (samples 7/32 and j34) was on the east 
boundary of the car park itself, ~5 m below the upper location 
and 75m nearer to the centre of Royat (see ref. 14). The 
sediment here is dark red and only ~1 em thick; it is overlain by 
~30 cm of ashy volcanic debris on top of which is the lava flow 
itself. The baked sediment here was poorly consolidated and 
although palaeomagnetic measurements by Barbetti and Flude 
(personal communication) showed some scatter, the sample 
mean directions were within 15° of the result previously 
obtained for the lava''’? (declination 74° W and inclination 
+637, ag; = 3.5°; location CF 22 in ref. 12). A radiocarbon 
determination by Delibrias et al." for carbon extracted from the 
underlying soil at this locality gave an age of 11,070+200 
radiocarbon yr (Gif 2255) and on the basis that it is from a well 
protected palaeosol, this has been taken‘ to be the maximum 
age for the lava. The palaeomagnetic results from the two 
locations indicate that they are stratigraphically equivalent. 

The TL ages determined for these two locations, given in 
Table 1, were based on the fine-grain technique’®; the error 
limits were evaluated as discussed elsewhere’”*'®, The values for 
the combined y+cosmic radiation dose-rates were obtained?’ 
by burying small capsules of natural fluorite, for a year, in the 
sediment in a similar position with respect to the lava as had 
been occupied by the TL samples. Using our standard form of 
citation the average age derived from all seven samples is 
25.810? yr (+1.7* 10°, +2.2« 10°, OxTL 132/). The two 
error limits quoted are'’''*, respectively, the standard error of 
the mean derived from the observed scatter of the individual 
ages, and the error predicted by taking into account random and 
systematic sources of uncertainty; the second limit is appro- 
priate when comparing ages derived from other chronometric 
techniques. 

There is a gross discordance between the TL age and the 
radiocarbon age mentioned above. This could arise in the 
radiocarbon determination if somewhat more than 20% of 


the carbon in the sample was ‘modern’. Although this is consi- 
dered unlikely because of the well protected situation of the 
palaeosol and because of the pretreatment that was given to the 
sample to remove contaminating humic acid, this 1C age should 
be accepted with caution (G. Delibrias, personal com- 
munication, pointed out the desirability in these circumstances 
of evaluating the age of the humic acids). On the other hand, the 
TL age might be erroneously too old if there had been infil- 
tration into the sample of unbaked sediment. This is inherently 
unlikely in the lower location because the overlying lava would 
have heated any material above the layer of burnt sediment, but 
error due to this factor is also considered to have been excluded 
by the following sample rejection procedure. 

The presence of a significant amount of unheated material 
would be expected to cause a sample to fail the ‘plateau test’ that 
is routinely applied’ (see Fig. 1); this test demands that there is a 
substantial temperature region (350-450°C in the present 
work) of the glow curve within which the ratio of ancient TL to 
artificially induced TL does not vary (by more than 10% in the 
present work). Measurements made, for each location, on the 
ashy material lying above the baked sediment showed a change 
in this ratio by a factor of about two between 350 and 450°C; 
hence the 10% plateau criterion implies rejection of samples in 
which contamination exceeded 10%. This level might be serious 
if the equivalent dose carried by the contaminating material was 
vastly in excess of that carried by the baked sediment. However, 
the highest equivalent doses evaluated for overlying material 
were 7 krad at a glow-curve temperature of 350°C and 18 krad 
at 450°C. This corresponds to the overlying material having 
been heated at the time of the volcanic activity, as might be 
expected; that the equivalent dose at 450 °C is higher than that 
for the baked sediment correlates with a higher radioactivity, as 
observed, and the lower equivalent dose at 350 °C is consonant 
with the effects of the anomalous fading which, as mentioned 
previously, prevents TL dating of volcanic material itself. 
Similar plateau measurements were made on unreddened soil 
beneath the dated layer at the lower location; these indicated an 
equivalent dose of 16 krad at 350°C and 40 krad at 450°C. 

The increase with depth of the equivalent dose (when evalu- 
ated at a glow-curve temperature of 350 °C) raises the question 
of whether the sediment was heated to a sufficiently high 


Table 2 St Saturnin (45°36 N, 3°06’ E) 


Water content 


Dose-rates (rad yr’) 


Ancient dose (% of dry TL age 
sanp (raa) weight) Effective a B y + cosmic (yr x 107°) 
i12 (quartz inclusions) 3.4 12 0 0.200 0.135 10.1 t 1.3 
i15 (quartz inclusions) 3.0 19 0 0.200 0.135 8.9% 1.8 
i17 (fine grains) 3.1 24 0.156 0.185 0.137 6.50.7 


a a T a Aaa nN TE ee ene re Rien Se 
Mean age (weighted) = 8.1 x 10° yr; standard error = 1.1 10° yr; predicted error = 0.8 X 10° yr (random plus systematic). 
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temperature for earlier TL to have been erased. Partial erasure 
is ruled out by the satisfactory plateau observed for the 
reddened layers—for partial erasure the degree of erasure at 
different glow-curve temperatures would vary strongly. Negli- 
gible erasure would have been highly unlikely so close to molten 
lava and can certainly be ruled out for sample j1 which was 
actually adhering to a vertical face of lava which terminated the 
extent of the baked clay. 

Accepting that the heating by the lava was sufficient for 
complete erasure, there is also the possibility that because of 
anomalous fading the age of 26 x 10° yr may be erroneously too 
young. Tests on artificially irradiated portions of all the samples 
listed in Table 1 showed that for a storage period of 6 months 
any decay was less than experimental yncertainty (3%). 
However, this does not rule out a significant effect over thous- 
ands of years and an attempt was made to utilize the quartz 
inclusion technique—as there was no evidence that quartz 
suffers from this malign phenomenon. Unfortunately, the yield 
of quartz was too small to allow the necessary comprehensive 
measurements for a reliable date but for sample jI the 
equivalent dose was estimated as 6-9 krad; this corresponds to 
an age of between 26 x 10° and 35 x 10° yr. Thus although one 
cannot rule out a small amount of anomalous fading in the fine 
grains it does not seem to have had a gross effect. 

In conclusion, bearing in mind the suggestion’ that because of 
its abnormal magnetic direction, the Royat flow may be asso- 
ciated with the magnetically reversed Laschamp and Olby flows, 
the TL results for the Royat flow are mutually reinforcing with 
those obtained by Valladas et al.*° for Laschamp and Olby. 
Note that the radiocarbon age for the first phase of the geomag- 
netic polarity excursion” detected in aboriginal hearths at Lake 
Mungo, Australia, is ~30 x 10° yr (5,730-yr halflife), and that 
DE thermoluminescence age? for these hearths is (33.54. 3)> x 
10° yr. 

We have also carried out TL measurements on clay baked by 
the lava flow at St Saturnin. The radiocarbon age for this flow, 
being based on wood carbonised by the lava, is much more 
secure than the palaeosol determination for the Royat flow. 
Hence it is of particular interest to ask whether in this case the 
TL dating is consistent with the radiocarbon determinations. 
The TL samples, of black baked clay, were collected from above 
the pathway below the chateau, close to the spot where carbo- 
nised wood for “C dating was obtained by A. Rudel. 
Unfortunately, the TL characteristics were not all satisfactory 
and in view of this, the agreement (see Table 2) with the ““C age 
of 7,650+350 radiocarbon yr (Sa90) obtained by Pelletier ef 
al.” is better than could be expected; using the 5,730-yr halflife, 
the “C age becomes 7,880 yr and eventual availability of 
bristle cone pine calibration may show the corresponding 
calendar age to be greater stijl. The relevant y dose-rates were 
obtained, as for the Royat locations, by burial of small capsules 
of natural fluorite. Table 2 shows that the standard error is 
comparable with the predicted error; this reflects the unsatis- 
factory TL characteristics mentioned above and indicates 
incidentally that in this application the system for evaluation of 
predicted error has been insufficiently pessimistic. . 

Finally, for some samples (provided by G. Camus), 
measurements were undertaken to check whether or not the 
flows concerned belonged to the period of Quaternary vol- 
canism. As capsule measurement was not feasible for these 
samples the y dose-rate had to be estimated from radioactive 
analysis of the material presumed to surround the sample. The 
fine-grain age evaluated for a sample of grés (from the quarry 
behind 120 Ave du Mont Dore, Beaumont) that had been 
heated by the Coulée de Boissejour was ~5010° yr and 
measurements made on quartz inclusions from this sample were 
consistent with this. Various other materials from this quarry 
were tried (baked clay, grès felspathic) but none had sufficiently 
satisfactory TL characteristics for a reliable TL age to be 
determined. Clay from Montpoly that had been baked by the 
Coulée de Beaumont gave a fine-grain age of 34 x 10 yr. For 
calcaires trempés from the Butte de Clermont the plateau test’ 


0028-0636/7 8/0275 —0209301 00 


209 


indicated that there had been strong fading in the 330°C 
peak—indicating either that the material had not been heated in 
the eruption or that, on the basis of the equivalent dose indicated 
by the 420°C peak, it had been heated more than half a million 
years ago. : 

We thank Professor A. Roche and Dr G. Camus for help in 
locating the flows concerned, Dr G. Delibrias for discussion of 
the radiocarbon dating of the Royat palaeosol, and Dr M. F. 
Barbetti for his palaeomagnetic results 
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Changing He/Ar and N,/Ar ratios of 
fault air may be earthquake precursors 


THE geochemical method for the prediction of earthquakes 
depends on the ability to find the anomalous change of fluid 
phases of the ground, which are expelled by the stress at depth 
before earthquakes. Here the utility of ratios of He/Ar and 
N,/Ar in fault airs is examined in this context 

The radon emanation of groundwater may be a useful indica- 
tion of the precursory effects of earthquakes’. Helium may also 
be of interest. because unlike radon, helium does not decay but 
accumulates in the lithosphere. Use of only a single clement for 
predicting earthquakes, however, is less reliable in some cases 
A rare gas in the groundwater is lost through bubbling’ and the 
concentration of the rare gas is lowered by other gases such as 
methane and carbon dioxide formed in the ground. Hence, it 
seems most appropriate to study the relative concentrations 
among gases and the ratios of He/ Ar and N2/Ar discussed here 
may prove to be the technically most useful parameters. 

Helium and argon produced in the lithosphere are estimated 
from the abundances of radioactive elements (Table 1), and the 
ratio of helium to argon found to remain constant for the past 
several hundred million years irrespective of rock types. The 
ratio in the lithospheric air (~10) is 10° times higher than that in 
the atmospheric air (5.7 X 107*). The ratio in the atmospheric air 
becomes double the usual ratio because of the contamination of 
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Table 1 Abundances of U, Th and K in rocks and He/ Ar ratios in the 
lithospheric air derived from the radioactive elements 


U Th K 
(p.p.m.) (p.p.m.)  (%) Myr 


He/Ar* 
100 Myr 


Basalt 0.837 St C.582 10.8 10.8 
Granite 3.96T 13.5} 2.508 8.82 8.82 
Shale 3.7\| 12l 2.249 8.95 8.95 





* The year represents the accumulation interval. The decay constants 
used for the calculation are as follows: Ày= 1.537x10 yr, 
Arn =4.99K107 yr, A= AgctAg =5.29X 107° yr], Agc= 
5.7x107'' yr7*. The abundance of 40K in potassium is assumed to be 
0.0119%. 

+ General average’. 

t Average in Quaternary Japanese basalts’”. 

§ Average in Japanese granite''. 

| General average’. 


€ Average in Japanese shales”. 


0.005 vol % of the lithospheric air. Table 2 shows some exam- 
ples of natural gas composition in Japan and USA. The concen- 
trations of helium and argon are often lower than those in the 
atmospheric air, whereas the He/Ar ratios are much higher. 
This indicates that the lithospheric air permeates through the 
natural gases. The lithospheric air released by the formation of 
cracks in rocks, therefore, can be easily detected using this ratio. 

The ratio N;/Ar is also expected to be a useful parameter of 
lithospheric air, because the ratio in natural gases and volcanic 
gases is generally higher than that of the atmospheric air (85.21) 
(refs 3-6). The origin of nitrogen in the lithospheric air has been 
explained in terms of (1) the release of nitrogen by the bacterial 
decomposition of nitrogen-bearing compounds, (2) the release 
of nitrogen by the inorganic chemical breakdown of organic 
materials, and (3) the release of inorganic nitrogen from igneous 
(and metamorphic) rocks*”. 

The ratios He/ Ar and N,/ Ar are measured by gas chromato- 
graphy without vacuum processes, temperature and pressure 
corrections and other complicated treatments. This technique is 
simple enough for amateur observers to make the appropriate 
measurements. 

Since 1976 I have continuously measured the variations of 
He/Ar and N,/Ar ratios of gas bubbles found in the water 
issuing from a fault zone almost 2 m wide which runs in chert and 
shale of the Palaeozoic. The fault crosses the precinct of 
Inuyama Crustal Movement Observatory of Nagoya University 
which is ~20 km north of Nagoya. 

The gas bubbles are constantly gathered in a bottle set upside 
down in the water, then transferred into a glass flask with high 
vacuum stopcocks. Some of the gas sample (2 ml) is injected into 
the gas chromatograph, tank oxygen is used as a carrier gas. 
Helium, argon and nitrogen are separated through a molecular 
sieve SÅ column at a room temperature, and the three peaks of 
these gases emerge on a recorder chart within 10 min. The 
relative areas of peaks correspond to the relative volumes of 
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gases in the sample and the mutual ratios among these gases are 
determined by the atmospheric air as a reference standard in the 
same conditions. Error (20°) in the determination is ~10% for 
He/Ar ratios and ~2% for N2/Ar ratios. If the gases were each 
measured by a different method, the error would inevitably be 
increased. The single procedure provides sufficient precision for 
analysing the ratios. 

The successive measurement indicated that a high He/Ar 
ratio (0.014) was accompanied by the earthquake of 26 July 
1976 (magnitude: 4.1; epicentral distance: 67 km), but the 
sampling interval (once or twice a month) was too long to decide 
whether the high ratio occurred before or after the shock’. The 
sampling interval was therefore shortened after March 1977 
(once in two or three days). 

Some correlation between occurring of earthquake and 
change of gas quality was observed, but the variation of the 
observed ratios has no relationship to the records of tiltmeter, 
extensometer and precipitation obtained in the observatory. 
The ratios of He/Ar and N,/Ar fluctuated considerably: for the 
next 10 measurements, the moving average for data smoothing 
was calculated after March 1977. The results are plotted in Fig. 
1, which shows that a few peaks appeared. The four vertical 
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Fig. 1 The temporal variations of He/ Ar and N,/Ar ratios in gas 

bubbles from the fault zone. The original data sequence was 

smoothed by 10-term moving averages after the usual process in 

statistics'*. The vertical arrow indicates the earthquakes with the 

magnitude >4 in the vicinity of Nagoya. M represents magnitude 
and D, epicentral distance. See also Table 3. 


arrows show the earthquakes (magnitude =4) which occurred in 
the vicinity of Nagoya during the observation. The three events 
of the four were felt in Nagoya (Table 3). Figure 1 shows 
explicitly that the peaks appear before the earthquakes. This 
correlation found can hardly be chance and suggests that the 
change of gas composition is closely related to the occurrence of 
an earthquake. The epicentral distance of the earthquake on 14 
January 1978 amounts to 216 km, which greatly exceeds the size 





Table 2 Examples of natural gas compositions 





No. CH, C3He N2 COQ, 
(%) 

a 
KR-5-2 97.1 2.11 0.48 0.17 
KR-9-2 96.9 1.87 0.43 0.59 

b 
95.43 2:31 1.57 0.09 
3 95.12 3.96 0.86 0.06 


e * EE] 3.4 
a, Nishinagaoka, Niigata, Japan”. : 
b, Rio Vista, Sacramento, California . 
e 


# i `; s » 
d ae. a, 





He Ar He/Ar N»/Ar 
0.00055 0.0060 0.092 80 
0.00066 0.0039 0.17 110 
0.0041 0.0052 0.79 302 
0.0037 0.0067 0.55 128 
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Table 3 The carthquakes ( tude 24) occurred in the vicinity of 
Nagoya during the measurements of Fig. 1 


Distance from 
the epicentre Intensity in 
Date Magnitude (km) Nagoya" 
30 April 1977 4.1 100 0 
6 August 1977 4,3 15 tti 
15 August 1977 4.3 45 I 
14 January 1978 7.0 216 In 


* Intensity expressed on the scale of the Japanese Meteorological 


of the dilatant volume generally accepted. According to the 
observation in China*, however, anomalous radon contents of 
groundwater were recorded at distances less than 110 km from 
the shock, for events in the magnitude range 4.3-5.0; for the 
larger quake of magnitude 7.9 in the Pohai Gulf, the wells 
showing radon anomalies were located at distances of 250- 
300 km. These observations suggest that the changes in gas 
composition reflect sensitively stresses which precede earth- 
quakes and such changes could be precursors of earthquakes. 

Several aspects arise from Fig. 1, in terms of earthquake 
prediction. The duration of the high ratio is longer for one large 
earthquake (14 January 1978, magnitude 7.0) than those for the 
small ones (magnitude ~4). Another aspect is that the peaks of 
He/Ar precede those of N2/Ar for all events. This might be 
attributed to the difference in diffusion velocity of He and N3 
through capillary cracks formed by stress before earthquake. 
The molecular weight of N- ig 28 and of He is 4; the ratio of 
diffusion velocities is V28/V.4—=2.65 and He migrates more 
rapidly by diffusion than does Na. It is also noticeable that the 
time lag of the N2/Ar peak for the large earthquake is longer 
than for the others. Thus, by estimating both the time lag of 
N./Ar peak and the duration of high ratios, one could predict 
the occurrence time and magnitude of the approaching 
earthquake. Furthermore, observation in many locations may 
provide a basis for predicting where the earthquake will occur. 

The earthquake of 14 January 1978 caused a disaster in the 
Izu Peninsula. Many observatories and seismology and geodesy 
instruments such as tiltmeter, extensometer and seismograph 
have been installed around the peninsula. These instruments did 
not record the premonitory phenomena for the earthquake 
except for a radon meter and a Sacks—Evertson strain meter. On 
the other hand, the method described here clearly records the 
precursory changes in gas compositions at the epicentral dis- 
tance of 216km. It seems therefore that this method is a 
promising practical means of predicting earthquakes. 

I thank Drs R. Shichi and Y. Fakuo for assistance and helpful 
suggestions. 
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Seawater/basalt ratio effects on the 
chemistry and mineralogy 
of spilites from the ocean floor 


PILLOW basalts metamorphosed to the greenschist facies have 
been frequently dredged from mic-ocean ridges’”. These rocks 
usually exhibit a distinct mineralcgical differentiation in which 
the pillow rim or margin is replaced by chlorite or, less com- 
monly, epidote: Calcic plagioclase and olivine within the pillow 
interior or core are replaced to varying degrees by albite and 
chlorite, respectively”. Actinolitic amphibole, pyrite, quartz, 
sphene, and small amounts of nontronite and sa saponite are the 
Correspond- 

to this mineralogical differen-iation is a chemical differen- 
tiation characterised, in general, by enrichment of MgO and 
H-O in the pillow rim relative tc the core; the core is in turn 
enriched in Na,O, CaO and SiC}. Cann’, in his study of the 
metamorphosed pillow basalts dredged from the Carlsberg 
Ridge, Indian Ocean, refers to the Mg-enriched, Ca-depleted, 
chloritised rind of the pillows as hyalospilites, and the Na- 
enriched cores as orthospilites. M«tabasalts similar in chemistry 
and mineralogy to those dredged from mid-ocean ridges have 
also been found in ophiolites, obducted portions of oceanic crust 
now exposed on continents*’. The oxygen- and strontium- 
isotopic composition of these basalts®’, and the oxygen-isotopic 
composition of secondary minerals separated from dredged 
basalts*, suggest that alteration resulted from interaction with 
seawater at temperatures from about 200 to 350 °C. Passage of 
seawater through a sequence o? pillow basalts would most 
probably occur along fractures and cracks between individual 
pillow tubes. In this regard, Spooner et al.*”’ from studies of the 
extent of hydration, oxidation and oxygen- and strontium- 
isotopic composition of metamorphosed pillow basalts at 
Troodos, Cyprus, have concluded that the flow of seawater 
through basalt pillow piles occurred primarily along fractures 
and pillow boundaries, whereas grain-boundary diffusion was 
the principal mechanism of mass transfer accompanying chem- 
ical reaction within the solid rock. Because of this variation in 
permeability, pillow rims would be exposed to a much greater 
volume of seawater relative to the crystalline cores; 
consequently, alteration of the rim would proceed at a higher 
effective water/rock ratio". We propose here that the 
water/rock mass ratio during seavater—basalt interaction affects 
the stability of secondary minerels and therefore accounts for 


Table 1 Chemical composition of basalt glasses 


Component Fresh Altered* Alteredt 
SiO, 50.10 46 44 43.36 
AlO, 14.80 14.18 13.74 
MgO 7.00 8.59 15.24 
CaO 11.10 7 84 1.64 
Næm O 2.57 2.59 0.89 
K,0 0.14 0.04 0.06 
TiO, 178 169 — 
H,0* 0 50 6.40 11.00 

Total 100.59 100.07 97.43 
—, Not analysed. 


* Altered basalt glass after interection with seawater at 350°C, 
water/rock ratio 10. 

t Altered basalt glass after interection with seawater at 300°C, 
water/rock ratio 62. ge: 
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the mineralogical and chemical diversity between the core and 
rim of metamorphosed pillow basalts. To demonstrate this, we 
report the change in mineralogy and chemistry of basalt glass 
reacted with seawater at 300 and 350 °C, 500 bar at water/rock 
mass ratios of 62 and 10, respectively. The experimental system 
and analytical procedures are discussed in refs 10, 11. 
Interaction of seawater with basalt glass at 350°C, 500 bar, 
and water/rock mass ratio of 10 results in the formation of a 
mineral assemblage containing albite, saponite, mixed-layered 
chlorite-saponite, actinolinitic amphibole and anhydrite, as well 
as minor prehnite, quartz and pyrite. In general, this alteration 
assemblage is similar to that in the cores of metamorphosed 
basalts. Furthermore, because of chemical exchange with 
seawater during this experiment, the basalt glass gained Na,O, 
MgO and H,O and lost CaO, SiO, and K-O, while total iron and 
AlO, were conserved (Table 1). These directions of chemical 





Table 2 Gains (+) and losses (—) of chemical components resulting 
from formation of orthospilite or hyalospilite from fresh Indian Ocean 
Ridge basalt*, and during experimental spilitisation of basalt glass 


Sa sebienieceen inde PaA eLa Arn AE AAAA AA A A prai Arrar n a oben amet nce acre nner eT aA iA ATAA A h a a AA 


Basalt Basalt 
Compopent Orthospilite glass* Hyalospilite glasst 

SiO, +7.02 —1.63 7.77 —3,39 
ALO, — —— —- — 

Fe203,, +0.19 —~Q.10 +10.78 +0.46 
MgO +1.15 +1.97 +4.98 +9.46 
CaO -2.16 ~2.92 ~8.93 -9,32 
NaO +1.88 +0.13 -1.14 —1,61 
KO -0,06 -0.10 ~0.08 -0.08 
H,0* +2.83 +6.18 +7.76 +11.38 





AIO, has been conserved. 
* Spilitisation at seawater /basalt mass ratio 10. 
tSpilitisation at seawater /basalt mass ratic 62. 


exchange, and for some species even the magnitude, are strik- 
ingly similar to those inferred during the transformation of 
tholeiitic basalt to orthospilite (compare columns 1 and 2 of 
Table 2). The one exception is SiQ,, which is enriched in the 
orthospilite samples described by Cann’. During experimental 
‘spilitisation’, SiO, is lost from basalt because fresh seawater 
contains very little SiO. and the tendency is for the solution to 
become saturated with quartz. Whether a rock in the natural 
setting becomes enriched or depleted in SiO, depends in general 
on whether the solutions which pass through it are super- 
saturated, as in the case of a cooling solution, or undersaturated 
with quartz. The enrichment observed by Cann may thus not be 
typical for orthospilites as a whole. 

Further evaluation of the data (Table 2) reveals that, although 
Na is enriched in basalt during this experiment, the degree of 
enrichment is minor compared with that of the typical ortho- 
spilite. The formation of albite from basalt glass or calcic 
plagioclase depends critically on the Na/Ca ratio of the aqueous 
phase. If this ratio is large and remains large during seawater- 
basalt interaction, the basalt would generate potentially greater 
amounts of a sodic phase such as albite at the expense of calcic 
phases such as epidote or prehnite. Although seawater has an 
initially high Na/Ca ratio, reaction with basalt within a closed 
system results in a significant decrease in this ratio and in the 
tendency to form albite. For example, in the present experiment 
the Na/Ca molal ratio of the solution decreased from 45 to 13, 
partly by loss of Na but mainly by gain of Ca (M.J.M. and 
W.E.S., unpublished data). In nature, however, this build-up of 
Ca in the intergranular ‘pore’ solution within the crystalline core 
would be free to diffuse into zones having a lower Ca concen- 
tration and a higher Na/Ca ratio, such as the relatively less 
altered, more freely circulating seawater infiltrating interpillow 
channels (Fig. 1). Concomitantly, Na in this fluid could then 
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diffuse into the core and become fixed as albite; this process 
would account for the Na-rich chemistry of orthospilites. It is 
important to note, however, that if circulation of seawater within 
the interpillow channels is impeded for some reason, a decrease 
in Na/Ca ratio can be expected. This would alter the diffusion 
gradients of Ca and Na and ultimately result in the formation of 
calcic silicates as vein fillings. Phenomena of this sort may help to 
explain the ‘epidote-rich’ greenstones reported by Humphris 
and Thompson’, in which epidote typically occurs in veins. 

Seawater—basalt interaction at 300°C, 500bar, and a 
water/rock ratio of 62 represents a seawater-dominated 
system'’, in which most of the CaO, Na,O and K,O as well as 
some of the SiO, are leached from the basalt (Table 1). At the 
same time, MgO and H,O are added to the altered basalt, which 
was converted entirely to a mixed layered chlorite-smectite. The 
only other phases which formed were anhydrite and very minor 
haematite. 

The exchange of components between seawater and basalt 
during alteration at a high water/rock ratio agrees well with the 
chemical gains and losses inferred from the chemistry of the 
chloritised rind (hyalospilite) of pillow basalts dredged from the 
Carlsberg Ridge (Table 2). Furthermore, interaction at a high 
water/rock ratio produces a solution appreciably enriched in Fe, 
Mn, Cu, Zn and SiO). The precipitation of these components, 
either in channels within the pillow pile or on the seafloor could 
explain the widespread jasper and ferromanganoan sediment 
commonly associated with spilitised basalt. 

The mineralogical and chemical heterogeneity commonly 
observed in metamorphosed seafloor basalts can, therefore, be 
explained on the basis of interaction with seawater at various 
water/rock ratios. Experimental seawater—basalt interaction at 
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Fig. 1 Schematic illustration depicting circulation of seawater 

through pillow basalt pile undergoing hydrothermal alteration: a, 

primary zone of Mg-metasomatism (high water/rock ratio); b, zone 

of alteration characterised by diffusional metasomatism (low 
water/rock ratio). 


a low effective water/rock ratio produces an alteration assem- 
blage characterised by albite, actinolite, prehnite, chlorite- 
smectite, quartz, pyrite and anhydrite. At a high water/rock 
ratio (62), in contrast, the basalt is strongly leached and replaced 
by chlorite-smectite. These results apply directly to the natural 
system, in which, because of the inherent permeability of pillow 
basalt piles, the pillow core has limited direct access to seawater 
and alters at a low water/rock ratio, whereas the glassy selvage 
of the pillow exterior apparently comes into contact with much 
greater volumes of seawater and consequently alters at a high 
water/rock ratio. 
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Adaptive value, entropy ` ` . 
and survivorship curves ; 


NATURAL survivorship curves fall into three main types’. 
Type I, or rectangular distribution, describes the situation in 


which all individuals attain the maximum physiological lon- ` 


gevity of the species. Here the maximum age at death and the 
mean life expectancy coincide. The Type H life table describes 
a mortality which is independent of age; that is, no sirigle age 
group is favoured at the time of dying. The Type III table is 
characterised by a high mortality early in life and a life expec- 
tancy which increases with the age of survivors. The three types 
of curve are illustrated in Fig. 1. The general-shape of the 
survivorship curve is fixed for each species, however, the con- 
vexity of the curve is highly sensitivé to environmental condi- 
tions and the genetic constitution of the population. This fact 
suggests that the general shape of the life table may provide 
information about the genetic variability in the population, the 
range of environmental factors that impinge on the population 
or the incidencé of random events in the lifetimes of different 
individuals’. This note characterises in terms of two new 
demographic parameters the relative effect genetic and 
environmental ‘factors play in the evolution of the life table. 


The analysis we give revolves around two demographic vari- | 


ables, the entropy of a population and the adaptive value. 
Entropy H measures the variability of the mortality dis- 
tribution. The measure of variability also describes the con- 
vexity of the life table. The adaptive value @ is a measure of the 
correlation between the variability of the mortality distribution 
and the environmental variability. Thus the adaptive value 
reduces to the entropy when the environment is constant. 

We give two distinct characterisations of life-history curves 
in terms of optimisation arguments. In the first characterisa- 
tion, we assume that the survivorship curves are completely 
determined by the genetic constitution. The life tables are 


derived by maximising H subject to constraints which are given ` 


a genetic interpretation. In the second description, we assume 
that the environmental effects are the only significant influence. 
The three life tables are derived in terms of maximising # 
subject to constraints on the environmental parameters. We 
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Fig. 1 The theoretically possible distinct types of life table. For 

Type I, H=loge’; for Type I, H = 1+loge and (x)= 

exp—(x/e); for Type I, H=4+loge and (x)= 
exp —(1/4e™)x?, 


also discuss the corresponding biological mechanisms which 
generate the life tables. Note that the genetic and environ- 
mental constraints which are imposed in the optimisation 
arguments correspond to initial conditions in the mechanistic 
description. These biological mechanisms can be mathematic- 
ally described in terms of a birth and death process. This 
mathematical model together with a precise description of the 
correspondence between constraints and initial conditions is 
discussed elsewhere’. 

Let I(x) be the probability that an individual born at age zero 
survives to age x, and let m(x) be the age-specific fecundity. 
The net reproductive rate Ro is given by 


Ro” [ I(x yn (x) dx 
The expectation of life of an individual aged x is 


e°= R I(x) dx 


The entropy of the population‘ is given by 


H= -| q(x) log q(x) dx 


where q(x) = I(x )wn(x)/Ro is the probability density function of 
the age of reproducing individuals. The expression H is a 
measure of the variability of the contribution of the different 
age-classes to the stable age-distribution. It also measures the 
convexity of the net-maternity function V(x) = /(x)m(x). Fix- 
ing the fecundity, say m(x)= 1, we obtain 


H=-| Prog Par 


b I(x) log I(x) dx 


© ie) dx +log e° 
Normalising, we obtain 
Ç iz) log I(x) dx 
nE ái E I(x) dx 


The expressions H and H* measure the convexity of the 
survivorship curve. For the Type I life table, H*=0 and H = 
log e°. For the Type II life table, H* = 1, and H=1+loge®. 

An interesting application of our entropy parameter to the 
study of male-female mortality patterns is given in ref. 5. 

The notion of an adaptive value of a population® generalises 
the entropy concept to incorporate the effects of environmental 
forces on the life-history distribution. We refer to ref. 6 for a 
precise mathematical definition. In this note we give an intui- 
tive account. We consider the population as a stationary sto- 
chastic process whose phase space, the set of all life histories is 
subject to perturbations by an environmental process. There 
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are thus two stochastic processes at work, the process described 
by the population and the process described by the distorting 
effects of the environmental action. We can therefore identify 
two entropies, H, the entropy of the population in the case 
when no environmental forces interfere, and H, the conditional 
entropy, that is, the entropy of the perturbed process given that 
the unperturbed mortality distribution is known. The adaptive 
value ¢ ts defined to be 


w=H+HA. 


This function measures the correlation between the variability 
of the mortality distribution and environmental variability. 
Thus, in a constant environment, w is precisely the entropy H 
of the population. 

We now describe the various distributions that maximise H 
subject to various constraints. We suggest biological inter- 
pretations of these constraints by specifying mechanisms which 
implement these adaptive strategies. 

(1) The distribution that maximises H subject to the constraint 


| lix)dx =1 
R 


where æ is the maximum life expectancy, yields the Type I life 
table. 

The mechanisms implementing this strategy can be described 
in terms of a mortality which is the end result of senescence or 
wearing out of the individual, the senescent process going on at 
the same time and at the same rate in each individual. 

(2) The distribution that maximises H subject to the constraint 
on the mean of the distribution /(x) is given by 


I(x) = exp (=) 


This yields the Type II life table. This curve describes great 
interindividual variation in the age at death. The variation can 
arise exclusively from interindividual genetic variability. In the 
Type I curve, there is no genetic variability, hence the 
senescent process is the same in each individual. This implies 
that the life expectancy and the maximum longevity of the 
species coincide. For the Type II curve, there is genetic vari- 
ability, hence senescence is less uniform. The degree of genetic 
variability of the population is measured by the constraint on 
the mean of the mortality distribution. 

(3) The distribution that maximises H subject to a constraint 
on the variance is given by 


r 
l(x)=exp =| x? 
Of the three curves described, Type III represents the greatest 
individual variability in the time of dying. The constraint on the 
variance is a measure of the genetic variability in the popu- 
lation. The senescent process in this case is much less uniform 
than that which generates the Type II life table. 

It is important to note that these distributions can also be 
derived as a result of maximising the adaptive value y, subject 
to environmental constraints. Thus an environmental agent 
that is lethal to individuals irrespective of their genetic consti- 
tution and that kills off all individuals at some prescribed age w 
will yield a life table whose variability is maximally correlated 
with the environmental action, that is, a Type I curve. | 

An environmental agent that acts randomly on the individu- 
als of different ages and is indifferent to the ages of the indivi- 
duals will yield a Type II curve. Finally, an environmental 
agent that is age-specific and selectively removes younger 
individuals will yield a Type III table. 
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Egocentric orientation is influenced 
by trained voluntary 
cyclorotary eye movements 


A CYCLOROTARY eye movement is a motor response of the 
eye made around the visual axis. Counter-rolling of the eye, for 
example, occurs during lateral head tilt’*; conjugate rotary 
nystagmus can be induced by a large rotating field®°; and 
disjunctive cyclotorsions can occur during ordinary conver- 
gence’*'’, Because none of these torsional eye movements can 
be produced as an isolated voluntary response, eye torsion has 
always been classified as an involuntary response, a reflex. 
Using a visual-feedback procedure, however, we have trained 
humans to make conjugate voluntary cyclotorsional eye 
movements up to 30 degrees in magnitude'?. We have also 
demonstrated that these large torsional movements are not 
visually induced and can be made in the absence of any visual 
Stimulus. Accompanying the training and performance of these 
eye movements were a number of striking illusions related to 
one’s own sense of body orientation. Because these newly 
trained eye movements are unprecedented, it is of interest to 
characterise accompanying illusions in detail, comparing them 
with other illusions of self rotation induced through ves- 
tibular’* and visual'*'* inputs. In this paper we compare the 
effects of trained cyclorotary eye movements with head and 
whole body tilts, showing a quantitatively similar change in 
egocentric orientation for each type of tilt. As such, our 
findings suggest the possibility of shared mechanisms affecting 
the stability of one’s internal frame of reference, both for eye 
and body movements. 

The exact method of training and testing of voluntary torsion 
using visual biofeedback has been detailed elsewhere”, 
A subject was seated in a dark room with head movements 
fixed by a full mouth bite plate. A vertical 11 x 0.25° flash was 
presented monocularly to generate a vertical afterimage. This 
afterimage was then imaged in space next to a line of light of 
equal colour, brightness and size (real line stimulus). The sub- 
ject was instructed to keep this afterimage line matched 
parallel to the real line only by cyclorotating the eyes. With 
practice, the subject gradually acquired the ability to rotate the 
eye(s) to match greater and greater inclinations of the real line. 
These cyclofixations were trained at the rate of about 
0.8° h`’ d` for 35d (Fig. 1a). Using similar methods for 5- 
10h of additional training, subjects were trained to make 
torsional slow pursuit (Fig. 15) and torsional saccades (Fig. 1c). 
Individual frame analysis of 35-mm slides or 16-mm motion 
pictures filmed simultaneously were used to objectify the 
cyclorotary eye movements. Measurements from photographs 
used radial iris markings or limbal-scleral blood vessel 
junctions in relation to a visible and stable reference marker. 
Accuracy of measurements was +10 min. 

During initial training, but not during final experimentation, 
subjects often felt that their heads and bodies were ‘rolling 
laterally’ and sometimes experienced associated visual il- 
lusions. Accompanying these changes in egocentric orientation 
were intermittent sensations of stomach nausea, headache and 
general body fatigue. The most dramatic of these illusions 
occurred as a distinct ‘hallucinatory barrage’ at least twice to 
each subject during initial training. Associated with eyelid 
tremor, the nearly vertical and paralle! lines would appear to 
move independently, becoming almost horizontal and also 
appearing curved or wiggly. Accompanying these peculiar 
visual illusions were very powerful sensations of body flotation 
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Fig. 1 a, Training of voluntary torsion. Maximum torsional 
range measured psychophymcally (smali symbols) or photo- 
graphically (large symbols) plotted against hours of training. b, 
Voluntary cycloversional slow pursuit. Solid line represents a 
tracing moving at the correct velocity of 1.6°s”'. Photographed at 
24 framess `. c, Time course of a voluntary torsional saccade. 
Photographed at 64 frames s`. 


and/or rapid downward falling in the direction of the voluntary 
cyclotorsion. Although self-induced, these sensations show 
similarities to those experienced by pilots in conditions in 
which conflicting visual and orientational information can 
occur’®. It should be noted that these gross and episodic dis- 
orientations occurred only during initial training. 

In this report, we restrict our quantitative observations to a 
more constant and milder sensory illusion of body tilt, persis- 
ting even after a long period of training. To examine this shift 
in egocentric crientation and to make comparisons with other 
situations involving vestibular and neck proprioceptive input, 
we have devised a control and three test situations. Two sub- 
jects felt a rod pivoted about its centre so as to rotate in the 
frontal plane and adjusted it to the apparent vertical in the dark 
under each of the following conditions (Fig. 2, top): (1) the real 
line stimulus was viewed in otherwise dark surroundings at one 
of several angles of tilt (S); (2) voluntary eye torsion was used 
to match an otherwise vertical afterimage to specific tilts of the 
real line (E); (3) a head tilt was used to match the orientation of 
the real line to that of the afterimage (H); and (4) head and 
body were both tilted by means of a rotating chair in complete 
darkness (B). 

All tilts and rotations were presented in 3° increments over a 
range of +9.0°. In condition H, the refiexive counter-torsion of 
the eye was less than 1° (average 0.6°) for even the largest 9° 
tilts; consequently, actual tilts of the head are slightly under- 
estimated. Before each trial, the experimenter randomly dis- 
placed the rotatable rod to ensure that subjects could not 
memorise hand or rod positions. 

The results are graphed in Fig. 2 (bottom). Condition S, as a 
control, demonstrated that the presence of the inclined real 
stimulus line had essentially no influence on the sybjects’ sense 
of vertical, changing it by only 3% of the real line’s tilt. Such a 
line has also been shown to induce essentially no torsional 
movements of the eyes’?. Therefore, it can be concluded that 
the presence of the inclined real line in conditions E and H is of 
little consequence. 

Voluntary torsion (condition E), however, caused marked 
shifts in the position of apparent vertical as did the two other 
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conditions (H and B). All adjustments were overestimated in 
the opposite direction to eye, head or body tilts and by an 
amount which was virtually identical in all three conditions 
(Fig. 2). It should also be noted thar the results for conditions H 
and B confirm previous reports’”"*. Because the results are so 
similar in the three conditions, we averaged the data and 
plotted a single regression line for each subject, arriving at a 
slope of 0.23 for subject C.H. and 0.43 for subject R.B. If 1.0 
is defined as a gain factor whereby a perfect vertical rod adjust- 
ment could be made, a gain factar for the subjects’ sense of 
vertical or egocentric orientation can be determined by adding 
1.0 to each slope. Thus, C.H. and R.B. overestimated their 
turning by an average factor of 1.23 and 1.43, respectively. 

These experiments suggest that for each subject, there is a 
constant overcompensation signal determining egocentric 
orientation, regardless of whether the eye is voluntarily rotated 
(voluntary cyclofixation), the otolizhs and neck proprioceptors 
are stimulated (head tilt condition), or the otoliths are stimu- 
lated without significant neck proprioception stimulation 
(whole body tilt). In this case of voluntary torsion, as well as 
for other examples of the perceptual effects of eye torsion ™??, 
the compensatory signal could grise either as an outflow, 
Originating from a torsional command centre, or as an inflow, 
originating from eye muscle rec2ptors. The results do not 
indicate the source of the compensatory signal. 

What is surprising is that the mctor act of voluntary torsion, 
which is independent of vestibular 3r visual stimulation, can, by 
itself, induce quantitatively identical sensations to actual head 
and body rotations. This similarity suggests that there might be 
a common pathway for each 2ffect. Electrophysiological 


Flg.2 A laterally rotatable rod was adjusted to perceived vertl- 
cal in the dark by subjects in different conditions of rotation over 
a range of +9° (top). The visual stimulus for each condition is 
shown: R, real line; A, afterimage [ne Both R and A are set to 
vertical when eyes are at rest and straight ahead. Rotation condi- 
tions are defined as follows: S, real line stimulus rotation only 
(control); E, voluntary cye torsion defined by an afterimage match 
to tilts of the real Hne; H, head tilt defined by an afterimage line 
match to tilts of the real line; B, bcdy and head tilt in complete 
darkness. Graph shows the chang= in perceived vertical as a 
function of rotation. Rod settings fo- conditions E, H and B were 
in the opposite direction to any direction of physical rotation 
(abscissa) by a factor of about one-third (average slopes of 0.23 
and 0.43 for subjects C.H. and RB) Control condition (S) 
showed essentially no effect (average slope = 0.03) n =40 for 
each data point. Error bars on regesession lines indicate average 
s.c. mean for the combined data of C.H. (bottom line) and R.B. 
(top line), based on 468 df. R.B.: @, S; A, E; W H; @, B; CH.: 
©, S; A, E D, H; O, B. 
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recordings from the vestibular nerve, for example, show that 
moving visual scenes produce signals that are similar to a 
motion stimulus to the semicircular canals’°**, a result which 
could be the physiological basis for the recent finding that 
egocentric orientation can be altered by rotating visual fields’? 
Perhaps a similar sharing of circuitry exists with respect to the 
newly trained response of voluntary eye torsion. 
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Possible role of excretory/secretory 
products in evasion 
of host defences by Fasciola hepatica 


RATS develop a marked resistance to reinfection with Fasciola 
hepatica after a single immunising infection’. This resistance is 
apparent within 2 weeks of initial infection’* but diminishes in 
long-standing infections*. Resistance does not depend on the 
presence of the initial infection at the time of challenge’, and 
operates against intraperitoneally implanted metacercariae, 
juvenile or adult flukes? as well as against orally administered 
metacercariae. Implantation (subcutaneous or intraperitoneal) 
with adult flukes does not stimulate marked resistance to chal- 
lenge", and these implanted flukes may persist for many 
months in the cysts which form around them tn the rat. Resis- 
tance may be transferred by cells® or, provided that it is given at 
the time of challenge, by immune serum’; serum administered 
6-8 d after infection is not effective’. However, the flukes of the 
immunising infection persist in the rat in an apparently normal 
healthy condition"? and clearly evade the mechanism which 
controls challenge infections, We report here experiments which 
show that F. hepatica produces substances which are toxic to its 
host’s lymphocytes and that these substances may protect the 
parasite from its host's immune defences. 

Liver fluke excretory/secretory products (ESP) were 
obtained by incubating adult flukes, collected from sheep or rats, 
in dry, stoppered plastic tubes for 1-2 h at 37°C. During this 
time the flukes expelled the major part of their caecal contents. 
This was separated by centrifugation and stored at —20 °C until 
required for use. ESP were tested for toxicity to rat splenic 
lymphoid cells using the method of van Furth and van Zwet® and 


0028-08 36/78/0275—0216$01.00 


% Viable cells 


Nature Vol. 275 21 September 1978 


Table 1 Effect of ESP on immunoadhesion of peritoneal cells to 


F. hepatica 

% Flukes with adherent cells 
Control Immune control ESP 
Replicate 1 0 91.7 Lid 
2 0 73.8 16.7 
3 14.3 61.5 4.3 
4 10 76.0 8.3 
5 0 76.2 14.3 
Mean 4.9 75.8 10.9 


0.1-ml volumes of juvenile F. hepatica (~2,000 per ml) and immune 
rat peritoneal cells (6 x 10° per ml) in tissue culture medium 199 were 
incubated with 0.1 mi fresh normal rat serum+0.1 ml medium 199 
(control), 0.1 ml fresh immune rat serum + 0.1 ml medium 199 (immune 
control) or with 0.1 ml fresh immune rat serum + 0.1 mi ESP (ESP). The 
% of flukes with adherent cells was noted after 90 min incubation at 
37°C. Mean of control compared with mean of immune control, P< 
0.001; mean of immune control compared with mean of ESP, P< 0.001. 


the results are shown in Fig. 1. Viability of control cells remained 
at the fairly constant level of about 60% throughout the 2-h 
incubation period, whereas cells incubated in the presence of 
ESP showed a decrease in viability from 66% preincubation to 
19% after 2h. 

The relevance of this finding to the evasion of host defences by 
F. hepatica was demonstrated using an in vitro immunocytoad- 
hesion system. Juvenile F. hepatica were obtained by the in vitro 
excystation of metacercariae. When incubated in vitro with fresh 
serum and peritoneal cells from F. hepatica-resistant rats, these 
juvenile flukes become heavily coated with cells which include 
many eosinophils (Fig. 2). No cellular adhesion is seen if serum 
from uninfected rats is used. 

The effect of including F. hepatica ESP in this in vitro system is 
seen in Table 1, Incubation in normal rat serum gave a mean of 
4.9% flukes with cells attached, whereas incubation in immune 
serum gave 75-8% flukes with attached cells. Inclusion of F. 
hepatica ESP as well as immune serum reduced the numbers of 
flukes with adherent cells to 10.9%. This reduction was statis- 
tically highly significant (Student’s /-test). 


Fig. 1 Toxicity of ESP to lymphoid cells in vitro. 0.2-mi volumes 

of normal rat splenic lymphoid cells (15 x 10° per ml} in tissue 

culture medium 199 were incubated with 0.2 ml medium 199 (solid 

line) or 0.2 m! ESP (broken line). At 30-min intervals equal 

volumes of cell suspension and 0.2% Trypan blue were mixed and 
the % of viable cells determined. 
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Fig. 2. Immune adhesion of peritoneal cells to F. hepatica. 0.1 -ml 

volumes of juvenile F. hepatica (~2,000 per ml) and immune rat 

peritoneal cells (6 x 10° per ml) in tissue culture medium 199 were 

incubated at 37°C for 15 min with 0.1 ml fresh immune rat serum. 
Wet preparation 400x magnification. 


Cellular attachment is likely to be a first step in the immune 
killing of F. hepatica and the above results clearly show that F. 
hepatica ESP prevent this attachment in the in vitro situation. It 
seems highly probable that ESP also have a similar role in vivo, 
where they are maintained in intimate contact with the fluke in 
the bile duct or in the fluke’s migratory tract in the liver. 

It is thus proposed that the actively feeding liver fluke protects 
itself from host immune defences by producing substances which 
are toxic to its host’s lymphocytes and other immunocompetent 
cells. This hypothesis is consistent with certain facts known 
about F. hepatica and its relationship with the rat. For example, 
very young flukes not producing effective quantities of ESP 
would be expected to be the immunogenic stage of infection, and 
older, actively feeding flukes would be nonimmunogenic. The 
early development of resistance after initial infection, the wan- 
ing resistance in long-standing infections and the lack of resis- 
tance after implantation with adult flukes are thus explained. 
The importance of timing of passive serum transfer is also 
explained; transfer at the time of challenge, before flukes are 
producing ESP will be effective, but transfer later, when ESP are 
being produced in effective quantities, will not confer pro- 
tection. 

Further details of in vitro and in vivo immune adhesion of 
cells, particularly eosinophils, to F. hepatica will be published 
elsewhere, and electron microscopic studies of the immune 
killing of F. hepatica in vitro and in vivo are in progress. 
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Membrane noise and conductance 
increase during single 
spermatozoon-—egg interactions 


ALTHOUGH one of the earliest events of fertilisation of the sea 
urchin egg is a depolarisation and decrease in resistance of the 
egg plasma membrane’™, it is not known exactly what change 
occurs immediately after the interaction with a single sper- 
matozoon. We report here that in Paracentrotus lividus this 
change is a depolarisation step of 1-2 mV, occurring 13 s before 
the main electrical change. The step is accompanied by an 
increase in cell noise and a decrease in resistance. In other 
biological membranes, such an observation has been interpreted 
as the introduction of ionic channels into the membrane*”. From 
this analogy we calculate that the single channels introduced into 
the egg plasma membrane during fertilisation have a conduc- 
tance greater than 33 pS. 

At sperm densities of 10’ ml™' or greater we observed a 
fertilisation action potential similar to that already reported by 
Steinhardt et al.' (their Fig. 3) and Ito and Yoshioka’ (their Figs 
2 and 3). In their recordings the depolarisation was composed of 
two phases. The initial phase has been called the shoulder of the 
action potential®. Closer observation of our records shows that 
the shoulder is composed of discrete events. 

Progressively reducing the sperm density changed the 
configuration of the shoulder. For example, at a sperm density of 
10° ml’, a shoulder was composed of three or four discrete 
steps, whereas at densities below 10° ml~' it was composed only 
of a single step. At very low densities, such as those used in 
Fig. la, it was not uncommon to wait several minutes for a 
reaction to occur. Both single steps and shoulders lasted for 13 s 
at:22 °C. 

The single step is the minimum detectable event during the 
shoulder phase of the fertilisation action potential. Eggs dis- 
playing the minimum event cleave normally. As sea urchins 
cleave abnormally if more than one sperm enters the egg, we 
deduce that a step corresponds to the successful interaction of 
the fertilising spermatozoon. Eggs which display shoulders 
cleave abnormally and are polyspermic. 

Rothschild and Swann” have shown for Psammechinus 
miliaris that at sperm densities of 10° ml~™*, the number of 
sperm-egg collisions will be 0.16s °°. The probability for a 
successful collision was measured as 0.12, so that on average, the 
successful encounter rate should be once every 50s. This 
supports our interpretation that a step corresponds to one 
successful encounter. 

A typical step and fertilisation action potential is shown in Fig. 
la. Steps were always accompanied by an increase in voltage 
noise. Lowering the temperature prolonged the step. At 22°C 
the average duration was 10.9+1.8s (n = 12), and at 12 °C the 
average duration was 25.0+4.3 (n = 3). Similarly the rise time 
of the fertilisation action potential decreased from 1.132 
0.54 mV s™' to 0.27+0.09mVs. 

Figure 1b shows a step during an experiment carried out at 
5°C in which the duration was 79 s. The longer step allowed a 
reasonable time for spectral analysis of the noise increase, and 
for an estimate of the change in variance before and after the 
step. This analysis is shown in Fig. 2. The voltage noise during 
the step increased primarily in the low frequencies. At rest, 
membrane resistance may range from 4 to 18 KN cm? (egg 
diameter 80 um); during a step the resistance was always 
reduced by one-third to one-half. 

To obtain an estimate of the elementary conductance change 
contributing to a step, we calculated the ratio of the change in 
noise variance to the change in potential. This ratio for Fig. 1b 
was 10 uV, which may be taken as the size of the elementary 
event contributing to the noise. Taking the specific resistance of 
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the egg during the step at its mean value of 6 KN cm’ (30 MQ), 8 
the current associated with this elementary event was 0:33 pA. 
To calculate the conductance through which this current passes, 
an estimate of the equilibrium potential of the step is required. 

Progressively offsetting the resting potential towards zero, 
using a second intracellular electrode, resulted in a gradual 
decrease in the size of the step. At —3 mV, a step was difficult to 
observe and the noise increase was minimal; however the fertil- 
isation reaction still occurred. This experiment suggested an 
equilibrium potential near zero. It was not possible to invert the 
step as fertilisation was suppressed when the egg was held 
positive, as reported elsewhere’. 

Using the data from Fig. 1b, with a resting potential of 10 mV, 


the elementary conductance was calculated to be 33 pS. 10 
Repeating the calculation for three other examples gave the 

values 16, 41 and 92 pS. In none of these cases was the resistance = 
measured simultaneously with the noise. These values are large nd 


compared with the conductance of ion-specific channels, for 
example, Na and K channels in nerve membranes; however, 
they are similar to nonspecific drug-induced channels**. 

In the absence of Ca** a step did not occur; if calcium was 
added a normal step was observed and development ensued. 
The step seems to be a general phenomenon in sea urchins, as we 
have also seen it in Psammechinus and Arbacia. 

What is the relationship between the electrical events consti- 
tuting a step and the morphological events which occur during 
fertilisation? Possibilities include labile attachment of the 
spermatozoon to the vitelline membrane, strong attachment 
either to the vitelline membrane or egg plasma membrane, or 
fusion of the two gametes. Also, the acrosomal reaction is 





Fig. 1 a, Intracellular recording from a mature egg of Paracen- -13 
trotus lividus during fertilisation. Sperm density was 10° m1 '. Egg 0.5 5 50 
jelly was removed by acid seawater (pH 5.0). The fertilisation Hz 
action potential is the transient change in membrane potential 
shown in the latter half of the upper trace. The fertilisation 
potential is preceded by a step. The upper trace was d.c.-coupled 
whereas the lower trace, a.c. coupled from 1 Hz, demonstrates the 
noise increase during the step. (The noise trace saturates during the 
fast rise of the fertilisation action potential, and is omitted.) 
Vertical bar represents 12 mV (upper), 1 mV (lower); horizontal 
bar represents 5s and also indicates the zero potential level. 
Temperature was 25 °C. b, A step at 5 °C. Vertical bar represents 
6mV (upper), 1 mV (lower); horizontal bar represents 5s and 
indicates zero potential level. 





Fig. 2 Power spectral density of voltage noise from the experi- 
ment shown in Fig. 1b. a microelectrode noise before the experi- 
ment; b, cell noise before the step; c, during the step; d, micro- 
electrode noise after pulling out of the egg. About 40 s of data were 
used to estimate 6 and c; only half this amount for a and d. The 
microelectrode noise although increased after the experiment was 
well below the cell noise during the step. The spectra are limited by 
a.c. coupling at 1 Hz, and the time constant of the membrane. 


generally considered as a prerequisite to sperm entry’. Aketa 
and Ohta’? have shown in Pseudocentrotus that the acrosomal 
reaction occurs following attachment to the vitelline membrane. 

Arbacia spermatozoa made labile attachments to Paracen- 
trotus eggs, but such attachments were not accompanied by an 
electrical change. However, at pH 9.4 a normal step and fertil- 
isation action potential occurred qualitatively similar to that 
recorded for homologous fertilisation of either species. High pH 
alone did not activate the eggs; however, Arbacia sperm 
exposed to high pH underwent the acrosomal reaction as re- 
ported elsewhere’'. We deduce from this evidence that the step 
is subsequent to the acrosomal reaction. This interpretation 
would also explain the absence of the step in Ca** free seawater 
because the acrosomal reaction is Ca** dependent"’. 

We suggest that a factor is released from the acrosomal vesicle 
which causes directly or indirectly the introduction of conduc- 
tance channels into the egg plasma membrane. Introduction of 
many conductance channels into a membrane would result in a 
depolarisation and a noise increase and a decrease in resis- 
tance*”. Although our results do not rule out cell fusion as giving 
rise to the step, the conductance increase cannot be explained by 
the introduction of a simple hole into the egg plasma membrane. 

We thank A. Monroy for criticism of the manuscript and the 
Laboratory of Physiology, University of Leiden for computer 
facilities. This work was supported by the CNR Project on 
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Enzymatic methylation of 
phosphatidylethanolamine 
increases erythrocyte membrané fluidity 


PHOSPHOLIPIDS are a major MAPE of biomembranes and 
provide the fluid matrix for protein movement and organisation. 
Membrane fluidity has been closely related to the biological and 


biochemical processes such as mpn of chemicals, cell fusion, . 


and protein rotation and diffusion’~. Genetic, nutritional and 
temperature manipulation have been used to alter the fluidity of 
the cell membrane™, but physiological and biochemical events 
that regulate membrane fluidity are still unknown. We report 
here that the enzymatic methylation of phosphatidyl- 
ethanolamine in erythrocyte membranes induces a marked 
increase of the bulk membrane fluidity. 

An examination of the role of phospholipid meikyaGon in the 
regulation of membrane fluidity was prompted by ‘the find 
that two methyltransferases are involved in the conversion 
of > phosphatidylethanolamine to phophatidylcholine’. 
These enzymes were found to be asymmetrically distributed 
in the erythrocyte membrane. The first enzyme that 
converts phosphatidylethanolamine to  .phosphatidyl-N- 
monomethylethanolamine faces the cytoplasmic side, whereas 
the second enzyme that adds two additional methyl groups from 
S-adenosyl-L-methionine to form .phosphatidylcholine- is 
located on the external surface of the erythrocyte membrane’. 
The substrate for the first methyltransferase, .. phos- 
phatidylethanolamine, resides mainly on the cytoplasmic side 
and the product of the second methyltransferase, phos- 
phatidylcholine, is present largely on the external surface of the 
membranet”. Thus, translocation of phospholipids from the 
inside to the outside of the membrane is facilitated by a stepwise 
methylation of phospholipids. The enzymatic methylation of 
phosphatidylethanolamine to phosphatidylcholine takes place 
within the membrane, Mg** playing a critical part®. To examine 
the effect of such phospholipid rearrangement across the 
membrane on the lipid e the following experiments were 
carried out. 

Fresh samples of blood were obtained from ether-anaes- 


thetised male Sprague-Dawley rats (150 g) by cardiac puncture. 


using heparin as anticoagulant. The erythrocytes, washed with 
0.9% NaCl solution, were haemolysed with 40 volumes 5 mM 
Tris-phosphate buffer, pH 8.0, containing 1 mM MgCl (ref. 8). 
The ghosts thus obtained were suspended into 10 volumes 
50 mM _ Tris-glycylglycine buffer, pH 8.0, containing 5 mM 
MgCi,. After centrifugation. at 4° C, 0.3 ml of packed ghosts 
were suspended in 0.7 ml of the same buffer, containing various 
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Fig: 1° Effects of incubating erythrocyte ghosts with S-adenosyl- 
L-methionine and S-adenosyl-L-bomocysteine on membrane 
microviscosity. Erythrocyte cell ghosts were preincubated at 4 °C 
in 5mM MgCl and 50mM Tris-gycylgiycine buffer, pH 8.0, 
containing a 50 uM S-adenosyl-L-methionme (@); b, 50 pM S 
adenosyl-L-methionine and 2mM S-adenosyl-L-homocysteine 
(A); c, contro! (W). The ghosts were. then, resealed and labelled 
with DPH at 37°C for 1h. The amount of methyl group 
incorporated into lipids was 9pmol per mg protein and 
0.5 pmol/ mg protein in the absence and presence of S-adenosyl-L- 

; respectively. The calculation of the microviscosity 

vat 25°C was made according to the method of Hare er ai.’°. 


Snceneatons of S-adenosy!-L-mechionine and/or S-adenosyl- 
L-homocysteine, and incubated overnight (approximately 16 b) 
at 4 °C. Before use, the ghosts were washed with 10 volumes of a 
solution containing 150 mM NaCl, 10 mM Tris-HCI buffer, pH 
8.0, and 5mM MgCl, (solution A). The fluorescent probe, 
1,6-diphenyl-1,3,5-hexatriene (CPH) was used for the 
measurement of microviscosity by -he method of Shinitzky and 
Barenholz’. Fluorescence labelling was carried out by incubat- 
ing the red blood cell ghosts in the solution A containing 1 pM 
DPH at 37 °C for 1 h. Labelled cells were washed and suspended 
in solution A at a concentration of 0.1-0.2 mg cell protein per 
ml. 

The microviscosity of the erythracyte membrane was found to 
be a function of temperature but no phase transition was 
apparent over a temperature rarge of 6 to 36°C (Fig. 1). 
S-adenosyl-L-methionine was introduced inside the ghosts by 
preincubation at 4°C. When the resealed ghosts were labelled 
with DPH at 37 °C for 1 h, the methylation of phospholipids as 
determined by procedures descrized previously* took place 
simultaneously, but no significant methylation was observed at 
4°C. When S-adenosyl-L-methioaine was present inside the 
ghosts, the microviscosity markedly decreased (Fig. 1). This 
reduction was almost completely abolished when S-adenosyl-L- 
homocysteine was present inside the cells together with S- 
adenosyl-L-methionine. S-adenosvl-L-homocysteine inhibited 
the methylation of phosphatidylethanolamine and itself did not 
affect the membrane microviscosity. These results indicate that 


Table 1 Correlation between microv-scosity changes and amount of 
phosphatidyl-M-monomethy-ethanolamine formed 


- PH]-methyl incorporation 


SAM PME PDE PC Microviscosity 
(uM) (pmol per mg prctein) (P) 
0 — = = 1.62 
4 1.15 ` <0.01 <0 01 1.32 
og? 1.80 0.1 0.1 1.18 
25 1.90 . 0.50 0 40 1.08 
50 1.95 > 1.20 1.50 1 06 
100 1.97 2.40 3.60 1.09 - 





SAM, S-adenosyl-L-methiwonine; PME, phosphatidyl-N-mono- 
methylethanolamine, PDE, phosphatidyl-N,N-dimethylethanolamine; 
PC, phosphatidyicholine. Varying amcunts of S-adenosy!-methyl- sH- 
L-methionine were introduced into rat erythrocyte ghosts and incubated 
as described in Fig 1. The methylated phospholipids formed enzy- 
matically were quantified after separation by thin layer chromatography 
with the solvent sys n-propyl alcohol/propionic acid/chloro- 
form/water (3/2/2/1 v/v 
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Fig. 2 Effects of various concentrations of S-adenosyl-L- 
methionine on microviscosity. Erythrocyte blood cell ghosts were 
preincubated at 4°C with various concentrations of S-adenosyl- 
methyl-°H-.-methionine and then labelled with DPH at 37°C to 
measure microviscosity. A part of the mixture equivalent to 0.2 mg 
protein was examined for “H-methyl incorporation into the lipid 
fractions after extraction with 3 ml of chloroform/methanol/1 M 
HCI (6/3/17 £. 


thle methylation of phospholipids alters the membrane fluidity. 

Previous work has shown that the enzymatic methylation of 
phosphatidylethanolamine has a low Km for S-adenosyl-L- 
methionine (1.4 uM), whereas the methylation of phosphatidyl- 
N-monomethylethanolamine to phosphatidylcholine had a high 
Km for the methyl donor (0.1 mMY. To determine whether 
synthesis of phosphatidyl-N-monomethylethanolamine and/or 
phosphatidylcholine was responsible for the changes in fluidity, 
varying concentrations of S-adenesyl-L-methionine were 
introduced into erythrocyte ghosts. Figure 2 shows the effects of 
increasing concentration of S-adenosyl-L-methionine on 
membrane viscosity. The concentration of S-adenosyl-L- 
methionine required for half-maximal reduction of the micro- 
viscosity was approximately 5 uM. A plot of the amount of 
methyl group incorporated against S-adenosyl-L-methionine 
concentration shows an inflection point at about 25 pM, 
indicating the presence of two enzymes in the methylation of 
phospholipids (Fig. 2). The identity of the methylated phos- 
pholipids at various concentrations of S-adenosyl-L-methionine 
were measured by introducing the methyl-*H labelled 
compound into the erythrocyte ghosts. When the methylated 
products were isolated and quantified using thin layer chroma- 
tography’, monomethylated phosphatidylethanolamine was 
found to form predominantly at concentrations of S-adenosyl- 
L-methionine below 25 uM (Table 1). In these conditions, the 
membrane microviscosity reached nearly maximum. At 
concentrations above 254M, phosphatidylcholine were 
increasingly formed (Table 1). These results indicate that the 
erythrocyte membrane fluidity changes are caused mainly by the 
enzymatic methylation of phosphatidylethanolamine to phos- 
phatidyl-N-monomethylethanolamine. In contrast to phos- 
phatidylethanolamine and phosphatidylcholine, we have found 
that phosphatidyl-N-monomethylethanolamine is deeply 
embedded in the erythrocyte membrane’, It is not susceptible to 
the digestion by phospholipase C from either the inside or 
outside erythrocyte ghosts. The accumulation of phosphatidyl- 
N-monomethylethanolamine within the lipid bilayer could 
account in greater part for changes of membrane fluidity. 

Alterations in membrane fluidity due to phospholipid 
methylation should produce pleiotropic changes in membrane 
function. Preliminary results already indicate that binding of a 
catecholamine agonist with the B-adrenoceptor stimulates an 
increase of phospholipid methylation in reticulocytes and facili- 
tates the lateral mobility and coupling of the receptor with 
adenylate cyclase (F. H., W. J. Strittmatter and J. A., unpub- 
lished). 

We thank Drs M. H. Gottlieb and R. Aoshima, NIH, for their 
help and discussions in measurement of fluorescence. 
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Recognition and genetic control 
of helper determinants 
for cell surface antigen Thy-1 


THE hapten-carrier effect in immune responses demonstrates 
that one antigenic determinant can strongly modulate the anti- 
body response to a second determinant if the two exist in 
physical association. This phenomenon, in more general form 
termed associative recognition’, has been analysed with soluble 
antigens and reveals collaboration between carrier-directed, 
helper T cells and hapten-directed, antibody-producing B cells. 
In contrast to soluble antigens, antibody responses to surface 
antigens of nucleated cells are poorly understood and although 
collaboration among T and B cells is indicated in several 
studies’ the antigenic sites recognised by these T cells and the 
extent of associative recognition among the different antigenic 
determinants on cell membranes is not known. Thus, it is not 
clear whether the determinants recognised by T and B cells are 
controlled by a single gene and are joined covalently or if the two 
determinants are controlled by independent genes and are only 
loosely associated or even unassociated on the cell surface. This 
knowledge would help determine the character and extent of 
molecular interactions on the surface of nucleated cells as well as 
principles of immunogenicity of antigens expressed on cell 
membranes. This report extends previous findings’? and 
describes a new experimental approach to study, in primary 
responses the role of alloantigens in the immunogenicity of 
Thy—1 through the use of closely related donor-—recipient strains 
and an assay for antibody plaque-forming cells (PFC). The 
results are consistent with the notion that in primary immune 
responses Thy—1 is ‘helpless’ but that in appropriate donor 
strains, help may be supplied by other alloantigens controlled 
elsewhere in the donor genome. 

To examine the contribution of other alloantigens to the 
immunogenicity of Thy-1 we immunised AKR/J (Thy-1.1) 
mice with thymus cells from AKR/Cum or CBA (both Thy- 
1.2). Since AKR/Cum is closely related to AKR/J°’ differences 
between the immunogenicity of CBA and AKR/Cum cells 
could be attributed to alloantigens of CBA donors absent in 
AKR/Cum cells. CBA thymus cells induced a large anti-Thy— 
1.2 antibody response in AKR/J mice which was measured as 
numbers of direct PFC per spleen (Table 1). This response 
peaked at 7 d while AKR/Cum thymus cells induced few or no 
PFC at any time. The response is fully specific for Thy—1.1 
determined as before and considered further below. Two 
possible reasons for this difference in immunogenicity apart 
from the contributions of other donor alloantigens were con- 
sidered; first that AKR/Cum thymus cells express much less 
Thy-1.2 than CBA cells, was excluded in serological tests which 
showed them to be indistinguishable in the ability to absorb 
anti-Thy-—1.2 antibody, and second that the Thy—1.2 antigen of 
AKR/Cum is suppressive, is unlikely since mixtures of CBA and 
AKR/Cum cells are immunogenic (data not shown) and since in 
a more rigorous control the antigen on (CBA x AKR/Cum)F, 
hybrid cells is highly immunogenic (Table 1). 

The augmentative effect of alloantigens was further ex- 
plored in other strain combinations and with cells having the 
reciprocal Thy—1 alloantigen. (CBA x AKR/Cum)F, mice were 
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immunised with thymus cells from strain AKR, (AKRx 
AKR/Cum)F, or (AKR x CBA)P; all of which produced few or 
no PFC in the recipients (Table 2). However, thymus cells from 
(AKR x B10.BR)F, mice were highly immunogenic. Each of the 
four donors can be shown to be immunogenic for Thy—1.1 in the 
appropriate recipients, however in the present experiment only 
the (AKR x B10.BR¥F, cells contain numerous alloantigens to 
which the recipients are not genetically tolerant. Thus a Thy—1 
incompatibility is insufficient to produce strong PFC responses 
and other alloantigens seem to augment Thy—1 immunogenicity. 
This result moreover demonstrates that in F, hybrid antigenic 
cells, chromosomes from one parent can contro! determinants 
which help the response to another antigen controlled by 
independent chromosomes from the other parent. These 
findings have been confirmed in a second strain pair (A/Thy—1.1 
and A/Thy~1.2)in which large numbers of PFC were induced by 
A/Thy—1.1 cells in B10.A mice (H-2) compatible but otherwise 
allogeneic) but very few in congeneic A/Thy—1.2 recipients. 

A nonimmunological process may be proposed to explain the 
augmentative effects of an allogeneic haplotype, however this is 
unlikely. For example, it would be otherwise difficult to explain 
how the CBA donor haplotype augments the anti-Thy—1.2 
response in AKR recipients to (CBA x AKR/Cum)F;, (Table 1) 
but the same haplotype fails to augment the anti-Thy-1.1 
response to (CBAXAKR)F, in (CBAXAKR/Cum/F; 
recipients (Table 2). The immunological basis of the effect is 
supported by evidence of thymus-dependency described below. 
Moreover, in a concurrent but more complex study of secondary 
PFC responses to Thy—1 in which reciprocal specificity controls 
are possible we have found the recognition of the non-Thy—1 
helper determinants to be immunologically specific (E. A. Clark 
and P.L., unpublished). 

In classical hapten-carrier systems it is held that hese two 
antigenic components must be firmly associated for the‘haptenic 
determinant to be immunogenic; mixtures of molecules are not 
active’. To test if the Thy—1 determinant and the putative helper 
determinants need to be physically associated, (CBA x 
AKR/Cum)F;, mice were immunised with two cell preparations. 
The first inoculum comprised (AKR x B10.BR)F, thymus cells 
which express both the B10.BR and the Thy—1.1 alloantigens on 


Table 1 Weak primary response of AKR to Thy-1.2 alloantigen on 
closely related donor cells 


Donor strain/PFC per spleen (s.e.m.) 


Dose Day CBA(Thy~1.2) AKR/Cum(Thy—1.2) 
4x10’ 3 39 (26) 0 (0) 
? 
4x10’ 5 519 (237) 21 (19) 
4x10 7 2241 (252) 15 (8) 
4x 10’ 9 270 (52) 90 (60) 
4x10 11 39 (10) 51 (18) 
CBA AKR/Cum (CBAXx 
AKR/Cum)F, 
8x10’ 7 3429 (861) 0 (0) 2,100 (542) 
4x10’ 7 2,241 (252) = 15 (9) 1,221 (258) 
2x10’ 7 1269 (510) 30 (30) 909 (441) 


Homogeneous pools of AKR mice (all mice were bred by ICRF) were 
arranged in groups of four and inoculated on the appropnate days i.v. 
with 4x 10’ donor thymus cells which has been washed three times in 
Eaglo’s minimal essential medium (MEM). Spleens were removed from 
all the recipients at one time and were individually dispersed with a loose 
fitting homogeniser in 10 ml of MEM supplemented with 10% heat- 
treated (56°C, 30 min) newborn calf serum (CAjo). The spleen cells 
were centrifuged (800 r.p.m. for 10 min) and resuspended ın 1.5 ml of 
MEM. Thymus cells were obtained from CBA mice aged 3 weeks, 
washed three times as above and resuspended at 10% v/v in MEM- 
CAio- 50 ui samples of the spleen cell suspensions were mixed with 
20 ul of the target thymus cells in 2 ml capacity plastic tubes at 37 °C and 
180 ul of 0.95% Agarose in MEM-CA jo at 45 °C were added. The cell 
suspension was applied directly to a 35 mm plastic Petri dish, incubated, 
treated with complement and stained as described’. 
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Table 2 Immunogenicity of Thy—I ıs helped by other donor 


alloantigens 
Ant-Thy-1,1 
PFC per spleen 

Thymus donor Thy~1 pherotype (s.e.m ) 
AKR Thy—1 171.1 75 (19) 
(AKR x AKR/Cum}F, Thy~1.1/1.2 48 (7) 
(AKR x CBA)F, Thy~1 171.2 0 (0) 
(AKRXBI0.BR)F; -© 39 Thy-1.1/1.2 4,328 (680) 


(CBA x AKR/Cum)F, mice which vere age and sex matched were 
arranged ın groups of five recipients each and were injected 1.v with 
410° of the indicated cell suspension. PFC were determined after 7 d. 
No difference in immunogenicity of male and female donors was 
detectable in several controlled expe-mments and subsequently both 
donors were used. 


each cell and the second was a mexture of B10.BR and AKR 
cells where the helper alloantigens and the Thy—1.1 deter- 
minants are on separate cells. It is evident from the results in 
Table 3 that the helper alloantigens must be expressed on the 
cells which carry the Thy—1 determinant for augmentation to 
result. Mixtures of cells fail to shcw any premium effect. This 
indicates that the Thy—1 antigenic determinant must be asso- 
ciated with the helper determinan- in the same cell membrane 
for effective presentation to the immune system. It is unknown if 
this physical association of helper and Thy—1 represents linkage 
at the molecular level or if they ere separate but joined by a 
membrane bridge. This observation differs fundamentally from 
the properties of helper sites cont-olled by the I-region which 
augment the induction of cytotoxic T cells’? in which help 
results, even when the two classes of antigen are expressed on 
separate cells. Taken together these studies indicate two path- 
ways of antigen processing for T help to cellular antigens which 
are distinguished in their requirements for some form of struc- 
tural association of the helper site and the determinant which 1s 
helped. 

Stronger evidence for the immunological basis of the aug- 
mentation rendered by donor alloantigens was obtained by 
testing if this effect is thymus-depeadent. From the results using 
‘B' mice (Table 3) it is apparent that this form of augmentation is 
thymus-dependent. The reduced overall magnitude of response 
is attributed to irradiation effects. The data also show that all the 
PFC detected on target cells of AKR produce specific anti-Thy- 
1.1 antibody since AKR/Cum tarzet cells show no PFC. 

Inbred strains of mice may differ for a multitude of alloan- 
tigens and those which are expreased on thymus cells are candi- 
date helper determinants. Since it is known that structural 
associations between products of different genes can occur on 
the cell surface and that these intermolecular interactions are 
highly specific, for example between 82-microglobulin and H-2 
or TL", it was possible therefo-e that help for Thy-1 was 
similarly associated with one or only a few select donor alloan- 
tigens controlled by their respective genes. To estimate the 
number of these genes, that is, cf independently segregating 
genetic loci controlling the helper effect for Thy~1, a backcross 
experiment was done. A homogeneous population of AKR 
recipient mice was arranged into groups of two or three mice 
each and each group was inoculated with the thymus cells from 
individual (CBA x AKR/Cum)F, < AKR/Cum backcross pro- 
geny. 

Since the F, hybrids are highly immunogenic ıt was expected 
that segregation of the helper loc of CBA would occur upon 
backcross mating the F, to the poorly immunogenic parent. 
Thymus cells from 76 backcross progeny mice of three weeks of 
age were injected into AKR recipients Other recipients were 
injected with thymus cells from AKR/Cum and (CBAx 
AKR/Cum)F,; donors which served as negative and positive 
controls respectively. Thus all donor mice were homozygous for 

the Thy—1.2 determining allele and segregants differed in their 
expression of putative helper alloartigens from the CBA parent. 
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The results in Fig. 1 show that the backcross progeny distribute 
into two categories of immunogenicity, those which fall into the 
zone of the poorly immunogenic AKR/Cum donors and those 
well above this zone and are thus augmented. Of 76 backcross 
mice, 23.7% (18 mice) were of the low immunogen type and 
76.3% (58 mice) were augmented immunogens as compared 
with controls. This result is statistically consistent with the 
presence of two unlinked chromosomal loci in the donor CBA 
genome, each capable of augmenting in antigenic thymus cells 
the immunogenicity of Thy—1.2 for primary antibody responses 
(chi-square test 0.95<P<0.90). The scattergram also suggests 
that the two ‘helper loci’ may differ in strength and that their 
representative genes are fully penetrant and dominant or 
codominant. It is unknown if the determinants which help the 
Thy-—1 response are exclusive in their effect to Thy—1 or if they 
can also help other surface antigens. The identification of the 
helper determinants and their properties is therefore important 
to pursue. 

There are indications that similar associative recognition 
phenomena may apply to responses to other surface antigens. In 
a recent study it was shown that, even subsequent to extraction 
and purification, a potent carrier effect of one cell surface 
molecule for another with which it natively associates on the cell 
membrane is preserved’*. The requirement for help of one 
surface antigen from other antigens may explain why most 
congenic immunisation regimens fail to produce anti-Ly anti- 
bodies’? as well as the absence of IgG production in a congenic 
H-2 immunisation’. In successful congenic immunisations the 
response may be more thymus-independent’” or alternatively 
obtain T cell help from antigens coded for by closely-linked 
genes. There is also evidence that some helper determinants 
may themselves be latent and are immunogenic only in the 
presence of other antigens’>. 

In summary the results show that the Thy—1 antigen is much 
more immunogenic if presented on donor cells which also carry 
other alloantigens and that this helper effect is thymus-depen- 
dent. These helper sites and the Thy—1 antigen must be expres- 
sed on the same cell surface and not on separate cells, indicating 





Table 3 Evidence that helper alloantigens must be on the cells 
expressing the determinants which are helped and thymus-dependence 
of the effect 


Expt 1 Anti-Thy-1.1 
PFC per spleen 
Thymus donor Thy-1 phenotype = (s.e.m.) 
AKR Thy-1.1/1.1 345 (127) 
B10.BR Thy-1.2/1.2 0 (0) 
{(AKR x B10.BR)F, Thy-1.1/1.2 4,554 (425) 
AKR+B10.BR* Thy-1.1/1.1 387 (72) 
+Thy-1.2/1.2 
AKR+B10.BR?° Thy-1.1/1.1 186 (36) 
+ Thy~1.2/1.2 
Expt 2 Anti-Thy-1.1 
Pre-irradiation PFC per spleen 
Thymus donor treatment (s.e.m.) 
AKR+B10.BR Thymectomy 54 (71) 
(AKR x B10.BR)F, Thymectomy » 9 (20) 
AKR+B10.BR Sham thymectomy 33 (22) 
(AKR x B1O0.BR)F, Sham thymectomy *753 (252) 


(AKR/Cum xX CBA)F, mice, in groups of five recipients each, were 
injected i.v. with 4x 10 of the indicated cell suspension except for the 
cell mixture where in (a) 8x 10’ cells were injected and in (b) 4x 10’ 
cells were injected. Cells were mixed in a 1:1 ratio. PFC were deter- 
mined after 7d. In Experiment 2 (CBA x AKR/Cum)F, mice were 
thymectomised or manipulated surgically but not thymectomised. After 
a recovery interval of 3 weeks all mice were given 750 rad of y- 
irradiation and 5x 10° fetal liver cells from syngeneic mice. The mice 
were used after an additional 5-week period. 

* Portions of these spleens (1/30) were tested on AKR/Cum target 
and ne PFC were detectable. 
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Fig. 1 Distribution of immunogenicity of thymus cells from 
individual backcross mice with segregating helper determinants. 
Evidence for two antigenic ‘helper genes’. A large age-matched 
pool of AKR female mice was randomised and arranged in groups 
of two or three recipients per backcross donor thymus and in 
groups of five or six for control thymus suspensions (a pool of 
several donors). The recipients were immunised with 4x 10’ 
(CBA x AKR/Cum)F, x AKR/Cum backcross thymus cells i.v. 
and PFC per spleen determined on day 7. Each point represents the 
mean PFC per spleen of two or three recipients. Vertical bars 
represent +1 s.e.m. 


that some form of physical bridge between Thy-1 and its helper 
is important in the presentation of the surface antigen to the 
immune system similar to hapten-carrier antigens. Further, we 
have shown that highly effective helper sites are controlled by 
chromosomes lacking the relevant Thy—1 antigen and the data 
suggest that only two genetic loci control these helpers in 
primary antibody responses. 
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Adenylate cyclase in a fibroblast 
mutant defective in 
glycolipid and glycoprotein synthesis 


THERE is currently wide interest in the biological role of 
glycolipids and glycoproteins of the cell membrane. As some 
transformed cells have reduced levels of the more complex 
gangliosides and neutral glycolipids (see refs 1-3 for reviews), it 
has been suggested that complex gangliosides and particularly 
ganglioside Gun may have an important role in regulating cell 
growth and in the responsiveness of adenylate cyclase (ATP 
pyrophosphate-lyase (cyclising), EC 4.6.1.1) to regulatory 
factors**, The ganglioside Gua is thought to be required for the 
activation of plasma membrane adenylate cyclase by cholera 
toxin; the toxin activates adenylate cyclase’ and binds 
specifically to ganglioside G,,, (refs 6-8). To investigate the 
effect of altered’ glycolipid and glycoprotein composition on 
adenylate cyclase activity we have used cell line AD6, a mutant 
of BALB/c 3T3 cells that is deficient in glucosamine phosphate 
acetyl transferase”, and therefore partially blocked in its 
ability to synthesise complex carbohydrates, glycoproteins and 
glycolipids. Our results show that AD6 cells have a decreased 
responsiveness to cholera toxin, indicative of an altered 
membrane ganglioside composition, yet the responses of the 
enzyme to GTP, adrenaline, prostaglandin E, and fluoride are 
unaltered. Our results indicate that decreased synthesis of 
complex gangliosides does not result in alterations in adenylate 
cyclase other than a decreased response to cholera toxin. 

For the present studies cells were grown in Dulbecco—Vogts'’ 
modified Eagle’s medium supplemented with 10% calf serum 
(Colorado Serum) as described by Pouysségur and Pastan’. For 
the determination of cholera toxin activation of adenylate 
cyclase cells were changed to serum-free medium 12 h before 
addition of cholera toxin. Cells were then incubated with the 
indicated concentration of cholera toxin (Schwarz-Mann) for 3 h 


Fig. 1 Effect of cholera toxin treatment of intact Swiss 3T3 (@), 
BALB/c 3T3 (A), SV40-BALB (©), or AD6 (A) cells on adenyi- 
ate cyclase activity measured in a crude membrane fraction pre- 
pared from the indicated cell type. Cells were changed to serum- 
free Dulbecco-Vogt modified Eagle's medium and incubeted with 
the indicated concentration of cholera toxin for 3 h before deter- 
mination of adenylate cyclase activity.. Enzyme activity was 


measured as described’? with 0.2 mM ATP, 3mM Mg” and 
1 mM EGTA. 
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Fig. 2 Effect of Gu: on cholera toxin activation of adenylate 
cyclase in wild-type BALB/c 3T3 (a) or AD6 cells (b). Cells were 
incubated for 18 h in serum-free medium with (closed symbols) or 
without (open symbols) 50 pmol Gue: per dish, then washed three 
times with phosphate-buffered saline and once with serum-free 
growth media. Cells were then incubated In serum-free media with 
the indicated concentration of cholera toxin for 3 h before deter- 
rmunation of adenylate cyclase activity as described in Fig. 1 


before collection. A crude membrane fraction was prepared and 


adenylate cyclase activity measured as described elsewhere”. 
Triplicate determinations of adenylate cyclase activity were 
routinely within +10%. 

The block in the formation of N-acetylglucosamine and 
derived amino sugars would be expected to lead to decreased 
synthesis of the more complex gangliosides from ganglioside 
Gia (see the pathway for ganglioside biosynthesis presented in 
ref. 3) as well as glycoproteins. From published data’*’® it is 
established that Swiss 3T3 cells have higher levels of the 
complex gangliosides than do BALB/c 3T3 cells, and SV40- 
transformed celis have very low or undetectable amounts of Gy; 
and Gp;,. Data in Fig. 1 show that incubation of intact cells for 
3h with cholera toxin markedly enhances basal adenylate 
cyclase activity. Swiss 3T3 cells which contain more of the 
complex gangliosides are more sensitive to cholera toxin activa- 
tion presumably due to G,,, functioning as the toxin receptor. 
AD6 cells have a reduced response to cholera toxin. This result 
suggests that AD6 ganglioside levels are comparable to the 
S$V40-transformed cells. 

A chemically transformed line of mouse fibroblasts has been 
described which lacked Gy, and was unresponsive to cholera 
toxin (ref. 16). When incubated in medium containing Gwi, 
these cells bound the ganglioside and responded to cholera toxin 
as measured by activation of adenylate cyclase and elevation of 
cellular cyclic AMP contenté”. To determine if the incorpora- 
tion of Gag into AD6 or wild-type BALB/c 3T3 cells would 
improve the response to cholera toxin, confluent cells were 
changed to serum-free growth medium and incubated with 50 or 
500 pmol Gy per dish (100 mm dish containing 5 ml growth 
media) for 12 h. The ability of cholera toxin to enhance adenyl- 
ate cyclase activity was determined as described in Fig. 2. A few 
of the cells (<15%) detached from the substratum during 
incubation in serum-free medium; only those cells remaining on 
the dish were used to determine cholera toxin responsiveness. 
When AD6 cells were treated with 50 or 500 pmol Gya per dish, 
a significant increase in cholera toxin activation was observed 
(Fig. 2). Thus, the incorporation of Gw: into the mutant 
membrane corrects the inability of cholera toxin to activate 
adenylate cyclase of the mutant to the same extent as observed 
with the wild-type parent. Similar treatment of the BALB/c 3T3 
parent did not result in further stimulation by cholera toxin. 
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Fig. 3 Effect of N-acetylglucosamine on cholera toxin activation 

of adenylate cyclase in AD6 cells. Cells were grown to confluence 

in the presence (@) or absence (©) of 10 mM N-acetyiglucosamine. 

Addition of the indicated concentration of cholera toxin and 

determination of enzyme activity were carried out as described in 
Fig. 1. 


Keenan ef al’? have suggested that artificially supplied 
gangliosides assume a configuration or localisation in the 
membrane different from that of the native ganglioside. Never- 
theless, the results of Fig. 2 show that sufficient ganglioside Gm: 
molecules become associated with the cell surface to serve as 
receptors for cholera toxin. In addition to showing that 
ganglioside Gw, may act as a cholera toxin receptor, these 
results emphasise that the low cholera toxin response observed 
in AD6 cells is due to a decreased ability to recognise and bind 
cholera toxin. 

Previous studies have demonstrated that when AD6 cells are 
grown with N-acety! glucosamine the defect in the N-acetylation 
of glucosamine-6-phosphate is bypassed and the mutant cells 
revert to the wild-type phenotype™ t. When AD6 cells were 
grown with 10 mM N-acetylglucosamine, the ability of cholera 
toxin to stimulate adenylate cyclase was enhanced (Fig. 3). This 
result, together with the ability of exogenous Gy, to increase 
cholera toxin activation of adenylate cyclase in AD6, indicate 
that it is the altered carbohydrate composition of the plasma 
membrane of AD6 cells that accounts for their decreased sensi- 
tivity to cholera toxin. As AD6 cells have normal growth 





Table 1 Adenylate cyclase activities of wild-type, AD6 and trans- 
formed BALB/c 3T3 cells 


Wild-type Adenylate cyclase activity 
BALB/c Kirsten- SV40- 
Addition 3T3 AD6 BALB BALB 
cyclic AMP (pmol formed per 10 min per mg 
protein) 
None 31+4 2523 92+6 101+6 
GTP 354 29+4 27249 319+15 
GTP +L-adrenaline 378417 336420 269414 346216 
GTP + PGE, 8947 697 295221 3522429 
Fluoride 521427 452431 1052446 1138+22 





Adenylate cyclase activity was measured as described elsewhere? 
with 0.2 mM ATP, 3mM MgCl, 1 mM EGTA, and 10 uM GTP, 
10 uM L-adrenaline, 10 pg mi! prostaglandin E, or 10 mM NaF as 
indicated. A crude membrane preparation of each cell type was used as 
the source of enzyme. Values presented are the mean +S.E. for dupli- 
cate and triplicate determinations. 
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properties, this result also indicates that the decreased 
ganglioside content found in some transformed cells is not by 
itself a primary cause of the transformed state. 

In studies with several virally transformed fibroblast lines a 
defective adenylate cyclase system has been observed’??? It is 
evident from the results presented in Table 1 that BALB 3T3 
cells transformed by either the Kirsten sarcoma virus or SV40 
virus have elevated basal, GTP-stimulated and fluoride-stimu- 
lated adenylate cyclase activities and a decreased or absent 
response to hormonal activation. Yet, with AD6 cells the 
adenylate cyclase activity was fully responsive to hormonal 
stimulation. This result tends to suggest that changes in 
membrane structure other than modification of the carbo- 
hydrate moieties are responsible for the altered properties of 
adenylate cyclase noted with transformation. 

The mutant cell AD6 used in this study has also been found to 
have decreased binding of epidermal growth factor, presumably 
because its receptor is a glycoprotein’. The use of mutants with 
defined defects such as AD6 should help elucidate the role of 
glycolipids, glycoproteins and other complex molecules in cell 
behaviour. 
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Release of acetylcholinesterase from rat 
hemidiaphragm preparations 
stimulated through the phrenic nerve 


ACETYLCHOLINESTERASE (AChE; EC 3.1.1.7) is known to 
be transported rapidly within peripheral motor nerves, both 
towards and away from nerve cell bodies’. Of the total 
amount of neural AChE, approximately 15% 1s mobile, with 
about 10% moving towards the nerve terminals and about 5% 
returning towards cell bodies, the remaining 85% of the 
enzyme being stationary. Since the mean velocity of orthograde 
transport is about twice that of the retrograde flow, the total 
flux of enzyme is 3—4 times greater in the distal than in the 
proximal direction. Although the fate of this transported 
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AChE is not entirely clear, it has recently been shown that 
some of the distally transported enzyme may never arrive at the 
nerve terminals, being incorporated into the axolemma at sites 
all along the neurone**. This axolemmal incorporation is slow, 
and it seems likely that AChE would accumulate in the 
terminals unless there were local mechanisms for its removal, 
such as proteolytic digestion or extrusion from the cell as has 
been demonstrated in non-neuronal tissue", We now offer 
evidence that AChE is released from nerve terminals in 
response to nerve stimulation and suggest that this release may 
be parallel to, but separate from, release of neurotransmitter. 

Isolated rat phrenic nerve-hemidiaphragm preparations 
were incubated at 37°C in beakers each containing 1 ml of 
oxygenated physiological saline solution with (+ )—tubo- 
curarine (1.4 107° M) added to prevent muscle contraction. 
Preparations were equilibrated in this solution for 1 h, followed 
by three 15-min incubation periods. At the end of each 
incubation period, preparations were transferred to new 
beakers containing fresh medium. The media exposed to tissue 
during experimental periods were chilled to —20°C immedi- 
ately after collection and were subsequently analysed for their 
AChE content by the radiometric assay of Potter®. Resting 
release of AChE was determined from the enzyme activity in 
the media collected after the first and second experimental 
periods. This activity averaged 39.2 + 1.5 nmol of acetylcholine 
(ACh) hydrolysed per h per mi of medium (mean +s.e.m., 
n=98), During the third experimental period, the phrenic 
nerve was gently lifted out of the bathing medium and stimu- 
lated through platinum electrodes with supramaximal 5-V 
square-wave pulses of 0.4 ms duration and at frequencies of 
0-200 Hz. The nerve was positioned such that the oxygenation 
of the bath splashed medium on the nerve and kept it moist 
during the stimulation period. To determine the effects of 
stimulation, resting release (mean activity collected during the 
first two experimental periods) was subtracted from the activity 
accumulating during the third period of each experiment. 
Release from preparations not stimulated during the third 
period was essentially identical to resting release, whereas 
stimulation increased the release of AChE in a frequency- 
related manner (Fig. 1). Stimulation-induced release was sta- 
tistically significant at 0.2 Hz and highly significant at frequen- 
cies of 2 Hz or above, even though the maximum release (at 
200 Hz) was only 32% above basal levels (Fig. 1). Since the 
concentration of (+ )-tubocurarine used in these experiments 
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Fig. 1 Release of AChE from nerve-stimulated rat phrenic 
nerve-hemidiaphragm preparations. Tissues were incubated in 
isomotic buffer of the following composition (mM): NaCl, 115.0; 
KCl, 5.0; CaCh, 2.5; MgCl, 0.5; glucose, 5.0; sucrose, 24.0; 
HEPES (pH 7.4), 15.0; bovine serum albumin, 0.2% . Low Ca? 
high Mgt buffer differed in the following constituents: CaCl), O; 
MgCl, 10.0; sucrose, 3.0. Accumulations of AChE in response to 
nerve stimulation represent activity in excess of the resting release 
of enzyme (see text). Mean values and s.e.m. are shown. 
Significance levels, determined by Student's f-test, are: *P < 0.05 
at 0 Hz; **P<0.005 at 0 Hz; ***P<0.001 at 0.2 Hz in normal 
buffer. A least squares regression analysis showed a significant 
linear relationship between release of AChE and log frequency 
over the range 0.02-200 Hz (slope = 1.46 +0.58, P< 0.02). 
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totally prevented muscle contracticns, and has been shown to 
eliminate muscle action potentials in reponse to. nerve stimul: 
tion’, it is unlikely that the AChE released from our stimulated 
preparations arose from the muscle. In two experiments in — 
which we incubated 2-cm lengths of phrenic nerve from which 
the diaphragm had been removed Ey a cut close to the muscle, 
we could detect neither resting releas release in response 
to 20-Hz stimulation. We infer frora th ese data that little or no 
AChE was extruded from non-termit S. 
Low Ca** ig Mg" solutions k 
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our experiments, resting release of 
reduced in the presence of low Ce** ar 
18.1+1.7) and nerve-stimulated releast 
frequency of 0.2Hz was completely inhibi 
Although these results suggest a similarity. 
release and AChE release, there is one imp flerer 
The latter was found to be frequency related up to 20 Ha, 
whereas ACh release has been reported not to be related to 
frequency beyond 25 Hz’. It there’ore seems unlikely that the 
enzyme is extruded from the same sites or by the same 
mechanism as the neurotransmitter. 
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Fig. 2 Velocity sedimentation profile of Ac E activity from 
phrenic nerve-hemidiaphragm effluent. The. ! 2 
nerve—muscle preparations were ayered 
gradients of 10-40% (w/v) sucrose contai 
EDTA, 50 mM Tris-HCl (pH 7.4) and 1%. 
were centrifuged at 58,000 r.p.m. for téh: in i 
L2 65B ultracentrifuge. AChE acvivity from 
2. 0 Hz neve nS ao eres 












11.2S catalase (C); snd fi 45 Coane serum salbai (B). AChE 
activity in the 10S (fractions 9-13) ard 4S (fractions 16-20) peaks 
of nerve-stimulated preparations differed significantly (P< 0.05) 
from the corresponding peaks in the resting state as determined 
by a paired t-test. The values represent the means of four nerve- 
muscle preparations for both resting and nerve-stimulated tissues. 


Three isozymes of AChE have been identified in mammalhan 
muscle and nerve, having sedimentation coefficients of approx- 
imately 4S, 10S and 16S (refs 13-15). We studied the molecu- 
lar forms of AChE released into the bathing medium by resting 
and stimulated nerve-muscle preparations. Tissues were 
incubated as described above; hewever, to concentrate the 
enzyme, the volume was reduced % 0.5 mi and the collection 
periods were increased to 30 min. Aliquots (0.2 ml) of bathing 
medium were layered on to sucrose density gradients, centri- 
fuged, fractionated from the bottom of the tube, and assayed 
for AChE (Fig. 2). The media collected from resting pre- 
parations were found to contain beth 4$ and 108 enzyme, but 
about three times more of the latter than of the former. Both 
forms of AChE were released by stimulation, but more than 
80% of the released enzyme sedimented at 108. No 168 AChE 
was detected in media from resting or stimulated preparations. 

The distribution of molecular forms of AChE released into 
the bathing media from our nerve—muscle preparations does 
not resemble the distribution im muscle, which contains 
significant amounts of 16S enzyme, primarily in the endplate 
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regions, and approximately equal amounts of 10S and 4S 
enzyme'*'*. The distribution of released forms of AChE is, 
however, similar to the distribution in nervous tissue’?! and 


resembles especially closely the distribution of forms carried. 


distally by rapid transport along peripheral nerve axons’. 
These results suggest not only that the AChE released follow- 
ing nerve stimulation derives from the nerve terminal, but that 
much of the resting release of AChE also comes from nerves 
rather than from muscle. 

Several investigators have detiontented: that substances 
other than neurotransmitters may be released from motor 
nerves on electrical stimulation. Amino acids’, as well as 
proteins'”'® presumably transported distally from cell bodies, 
are released from nerve terminals. Although AChE has not 
previously been identified as being released from nerve—muscle 
preparations, it has been shown to be released from cultured 
chick embryo spinal cord cells’? and from adrenal glands 
bathed in high potassium solutions’°*'. In the latter case, the 
release was shown to depend on calcium and was believed to 
arise, at least partly, from splanchnic nerves’! 

The content of AChE in muscle is influenced, in part, by the 
motor neurone” t, This has been demonstrated convincingly 
by the reduction of AChE activity in denervated muscle. 
Although denervated muscle is still capable of synthesising 
AChE, the enzyme levels never reach those of innervated 
controls”. In addition, blockade of axonal transport in motor 
nerves with colchicine has produced denervation-like changes 
in the AChE content of muscles without interrupting 
neuromuscular transmission’. These results suggest that 
muscle AChE is partially regulated by substances that are 
transported down the nerve and are released from the nerve 
terminals, 

Our results do not exclude the possibility that one of these 
regulatory substances is AChE itself. The enzyme has not been 
demonstrated to be associated with synaptic vesicles, but has 
~ been shown to be localised in cisternae of smooth endoplasmic 
reticulum (SER) in nerves*'. We suggest that these cisternae 
may release their contents when action potentials invade the 
nerve terminals. The mechanism of this release could share 
features in common with the exocytotic release of neuro- 
transmitter from the synaptic vesicles. In any case, if the 
released AChE were able to diffuse across the synaptic cleft, 
it might be responsible for some of the trophic effects of 
nerves on muscle and could even serve as one source of muscle 
AChE. 
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Evidence for two 
separate opiate peptide neuronal systems 


WHEN Hughes et al.' first described the sequences of the 
enkephalins, they pointed out that methionine-enkephalin 
(met-enkephalin) could be found in 8-lipotropin (8-LPH 61- 
65). The entire C-terminal fragment of B-LPH was 
subsequently found to have opiate-like properties (@-LPH 61- 
91 or B-endorphin)*”’, and it seemed reasonable to hypothesise 
that the primary biosynthetic route for met-enkephalin was 
B-LPH to B-endorphin and eventually to met-enkephalin. 
Although this hypothesis awaits biochemical evidence, 
immunocytochemical studies of these peptides may shed light on 
the question. If B-LPH and B-endorphin are, in fact, enkephalin 
precursors which are stored by enkephalinergic neurones, one 
would expect them to be visualised in met-enkephalin-positive 
cells. Several laboratories produced immunocytochemical maps 
of the distribution of enkephalin-like-immunoreactivity (enke- 
phalin-reactivity) in mammalian brain, Watson et al.” 
demonstrated B-LPH-reactive cells and processes in rat brain. 
This -LPH reactivity has the same distribution as 8-endor- 
phin-like-immunoreactivity (8-endorphin-reactivity) as re- 
ported by Bloom et al.'* and Watson et al.'*. However, the dis- 
tribution of the 8-LPH/B-endorphin-reactive system on the 
one hand and the met-enkephalin-reactive system on the other 
seemed quite different. Met-enkephalin-reactivity was seen in 
many local cell groups throughout the neuraxis, especially the 
lower brain stem®”*', whereas B-LPH- and 8-endorphin-reac- 
tivities were found only tn a single hypothalamic cell group with 
long ascending and descending processes "t. We present here 
biochemical and anatomical evidence for the existence of two 
separate opioid systems in brain—-an enkephalin system and a 
B-LPH/B-endorphin system. We also present immunocyto- 
chemical data for the coexistence in the brain of ACTH with 
B-LPH/B-endorphin. 

The investigation of the coexistence of ACTH with 8-LPH is 
based on evidence from the pituitary where B-LPH and 8- 
endorphin have been localised in the corticotrophs'*'’°, in fact, 
within the same granules'’. These two pituitary peptides possess 
a common precursor of molecular weight, 31,000 as demon- 
strated in cell cultures’, and, in the intact rat, are co-released 
into the plasma upon stress’. Such evidence, coupled with the 
biochemical and immunocytochemical demonstration in brain 
of B-LPH (refs 12, 20, 21) and of ACTH (refs 22, 23), has led us 
to investigate whether the same relationship between ACTH 
and B-LPH/8-endorphin exists in brain as it does in the pitui- 
tary. 

Because the present studies depend primarily on the use of 
multiple antibodies with unique cross-reactivities, the following 
is a summary of their characteristics. Four antisera were used: 
anti-methionine-enkephalin (our laboratory), anti-B-LPH 
(from C. H. Li) anti-ACTH and anti-B-endorphin (R. 
Mains/B. Eipper). Cross-reactivity of these antisera was tested 
both in radioimmunoassay (RIA) and immunocytochemical 
systems by classical competition methods. The met-enkephalin 
antibody has been described elsewhere”. It exhibits no cross- 
reactivity with B-LPH, B-endorphin, ACTH or 6-melanocyte 
stimulating hormone (8-MSH). Its cross-reactivity with leu- 
enkephalin is less than 1:200 and with a-endorphin less than 
1:250. ACTH antibody was affinity-purified using ACTH 1- 
24 (ref. 25) and has been shown to be directed against ACTH 
11-24. It does not cross-react with 8-LPH, B-endorphin, or 
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their smaller fragments (9-MSH and met-enkephalin). £- 
Endorphin antiserum is directed against a-endorphin (6-LPH 
61-76). It cross-reacts with S-endorphin and with the full 
8-LPH molecule on an equimolar basis. It does not, however, 
cross-react with met-enkephalin, ACTH or 8-MSH. 8-LPH 
antiserum seems to be primarily directed at the N-terminus of 
the B-LPH molecule, as it recognises 8B-LPH (1-41) and does 
not recognise 8B-MSH (8-LPH 41-58 . In the conditions of 
our RIA this antiserum exhibits very low cross-reactivity with 
B-endorphin (less than 1:100) with a very shallow dilution 
curve. In fact, we cannot obtain more than 10% inhibition of 
binding. with concentrations of fS-endorphin at 100nM, 
whereas 8-LPH causes 10% inhibition at 0.05 nM. We have 
carried out extractions of rat pituitary and brain which are 
optimal for 8-LPH with little contamination with B-endorphin. 
The -LPH antiserum demonstrates activity against these ‘f- 
LPH extracts’. The dilution curves are not parallel to those of 
8-endorphin in this RIA, suggesting that we are not measuring 
the C-fragment of 8-LPH, but possibly its N-terminus. It should 
be noted, however, that -LPH N-terminus varies with phy- 
logeny and has not been sequenced in the rat. 

‘Finally, some of the immunocytochemical studies using B- 
LPH antiserum were carried out in the presence of excess 
B-endorphin (1 uM) and the results were unaltered. In 
contrast, the addition in much lower concentrations of 8-LPH 
(5 nM) led to complete blockade of the anatomical demon- 
stration. The low cross-reactivity of this antiserum with £- 
endorphin, the different slopes of dilution curves and the lack 
of blockade by 8-endorphin in anatomical studies suggest that 
we are looking primarily at the N-terminus of 8-LPH, and that 
the cross-reactivity with C-fragment is due to a small sub- 
population of antibody. 

Thus, three of the antisera used in our studies apparently 
recognise three different aspects of the precursor molecule; 
that is, ACTH, the N-terminus of 8-LPH, and 8-endorphin (or 
C-terminus of 8B~LPH). A positive response of all three within 
the same system might indicate the existence within that system 
of either precursor or of its individual components. 

The evidence for two separable opioid systems is derived 
from both anatomical observations and a lesion study. As 
mentioned above, only one hypothalamic cell group combines 
B-LPH and -endorphin reactivity, whereas met-enkephalin- 
positive cells can be visualised in several regions throughout 
the brain stem but not in the 8-LPH/f-endorphin-containing 
hypothalamic group. Furthermore, some brain areas are rich in 
met-enkephalin axons and terminals (for example, globus 
pallidus), but are almost totally devoid of 8-LPH/8-endorphin 
activity. 

To ascertain that these differential distributions are not due 
to any artefact of visualisation, we have devised a technique for 
extracting B-LPH and the enkephalins from the same 
tissue”. As the structure of 8-LPH in the rat is unknown, 
and as our extract dilution curves differ in slope from the 
human -LPH curve, all values are expressed in units as 
described in Table 1. Using the 8-LPH and met-enkephalin 
RIAs, we obtain very different distributions of the two peptides 
in various brain regions. Again, the striatum has the highest 
concentration of met-enkephalin in the brain (1,750 pmoles 
per g wet weight), but 8-LPH levels in the striatum (1 unit per 
g) are about 10-fold lower than in the hypothalamus (9-10 
units per g) and are exceeded by levels in the central grey and 
thalamus (2.5 units per g). 

We therefore reasoned that if the two systems are in fact 
separate, specific lesions may be able to differentiate between 
them. We produced unilateral lesions of the basal hypo- 
thalamus arranged so as to destroy the majority of the 8B-LPH- 
positive cells (n = 5). The control group was sham operated 
(n = 5). Ten days after surgery, the animals were killed, their 
brains rapidly removed and the cortex, septum, cerebellum and 
hippocampus dissected away. The remainder of the brain was 
divided into a posterior region containing the medulla—pons, 
central grey, tegmentum and colliculi, and an anterior region 
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Table 1 Effect of unilateral hypothalamic lesions on met-enkephalin 
and B-LPH in two regions 





Enkephalin(pmol pergtissuc)  §-LPH: (units per g) 
Met-enkephalin 8-LPH 
Posterior Controls = 1,110: 193 Controls = 5.0 + 0.4 
region Lesioned= 890+230 Lesioned =2.3+0 8 
%C = 80% WC = 45% 
Not significant P<0.02 
Anterior Controls = 1,431+ 85 Controls = 2.5 + 0.4 
region Lesioned = 1,159 +165 Lesioned = < 1.2 
%C= 81% WC m < 50% 
Not significant 


Lesions were placed in the basal hypothalamus unilaterally to 
destroy 8-LPH cells Brains were rapidly removed, dissected, frozen 
and homogenised with 0.4M PCA. The supernatant contained met- 
enkephalin and the pellet 8-LPH which were assayed by specific RIAs 
The anterior region includes hypothalamus, thalamus and striatum. 
The posterior region includes central grey, medulla pons, tegumentum 
and colliculi. As lesions are unilateral, a 50% drop could indicate 
complete loss on one side (see text) A similar study of a lesion in the 
periaqueductal central grey produced major changes m met-onke- 
phalin with mnor changes in 8-LPH levels. 8-LPH values are expres- 
sed in units This ts necessary because the dilution curve of rat extracts 
is not parallel to human -LPH standards The quantitation ts carned 
out in terms of a dilution curve of pituitary rat extract. At 50% 
inhibition, 1 unit corresponds to 1 pmol of human 8-LPH. 


involving thalamus, hypothalamus and striatum. The brains 
were rapidly frozen on dry ice, and -LPH and enkephalin 
were extracted using 0.4 nM perchloric acid as described else- 
where*’**, Table 1 shows the results of -LPH and enkephalin 
RIAs. As can be seen, 8-LPH levels decreased significantly to 
about 50% of control, a maximal drop for a unilateral lesion. 
On the other hand, met-enkephalin levels showed a lower drop 
which did not reach significance in either brain part. It is 
important to note that such a differential effect cannot be 
attributed to differences in the turnover rates of the two 
substances, because in similar conditions lesions in the mes- 
encephalic central grey produce the opposite pattern (that is, a 
significant decrease in enkephalin and no change in B-LPH 
levels in the anterior region)’'™*. The sites of lesions in these 
studies were immunohistologically confirmed in a separate 
group of animals. 

As the above studies suggested the separability of £g- 
LPH/f-endorphin from the enkephalin systems, we proceeded 
to characterise the endorphin system further. Using the above 
antisera, we have studied the anatomical distribution of B- 
LPH, 8-endorphin and ACTH in the same section of rat brain. 

Male Sprague-Dawley rats were injected intracerebroven- 
tricularly with 50 ug colchicine in 50 yl of saline 48 h before 
death. Sections were prepared for immunocytochemistry as 
described elsewhere*’. Briefly, the rats were perfused with 4 g 
per 100 mi formaldehyde, their brains removed and blocked, 
re-exposed to formaldehyde solution followed by 10g per 
100 ml sucrose phosphate-buffered saline (PBS), frozen in 
liquid nitrogen and then sectioned in a ~20 °C cryostat. 10-pm 
sections were incubated for 48h with rabbit anti- ACTH anti- 
body (1/1,500). They were washed and exposed to goat anti- 
rabbit—fluorescein isothyocanate (FITC) tagged IgG (1/80), 
rewashed, viewed and photographed with a Leitz Orthoplan 
microscope. The sections then had their coverslips removed, 
were washed and exposed to 6 M guanidine HC] overnight (to 
break antigen-antibody bonds); their coverslips were then 
replaced, and they were viewed again. The areas photographed 
earlier were exposed to ultraviolet (UV) light until the residual 
fluorescence was completely exhausted, and then rephoto- 
graphed. The section was washed again, and incubated with 
goat anti-rabbit IgG (without FITC) to block any remaining 
rabbit anti-ACTH antibody which had not been removed by 
guanidine HCI. The section was then exposed to the second 
antibody (8-endorphin) and the entire sequence repeated. The 
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third antibody (@-LPH) was visualised in the same way. Thus, 
exactly the same area could be studied for immunoreactivity to 
ACTH, B-endorphin and B-LPH. 

All three antisera could be blocked by 1 pM of the appro- 
priate peptide. Several sections were run to demonstrate that 
goat anti-rabbit-FITC did not rebind to residual primary anti- 
body, that guanidine HCI did not damage the immunoreactivity 
of these three peptides, that after guanidine HCI an antigen 
could be revisualised, and that guanidine treatment is not 
necessary for the demonstration of the second or third antigen. 
Further, some animals were run without colchicine to ascertain 
that this drug did not alter the pattern of immunoreactivities. 
These sections showed the same results, although cell body 
fluorescence was less intense. 

Sections through the periarcuate region of the hypothalamus 
were studied because cells for all three peptides (ACTH, B- 
LPH and 6-endorphin) were found only in this area. Figure 1 
shows the ACTH-positive (1a), 8-endorphin-positive (15) and 
B-LPH-positive (1c) cells in the arcuate region. All three 
antisera demonstrated the same cells and fibres. We observed 
no cells which contained one peptide and not the others. Fibres 
in the hypothalamus, medial amygdala and periventricular 
nucleus of the thalamus exhibited the same pattern for 
all three antisera. Fluorescence was absent in peptide-blocked 
(1 uM) controls taken from serial sections (not shown). We 
have not yet seen any overlap between cells positive for 
the enkephalin system and those positive for ACTH/B-LPH/ 
B-endorphin. 


Fig. 1 Immunocytochemical demonstration of ACTH, £- 
endorphin and B-lipotropin immunoreactivity in the same hypo- 
thalamic neurones. Adult male Sprague-Dawley rats given 50 mg 
colchicine intracerebroventricularly, 48h earlier; prepared for 
immunocytochemistry as in text. a, ACTH-positive cells in the 
periarcuate region of hypothalamus (see arrows). Magnification 
x 200. Fluorescence was completely lost after exposure to 6M 
guanidine HCI and UV light. b, The same section, after exposure 
to 6M guanidine HCI and UV light, was re-exposed to goat 
anti-rabbit IgG to block remaining rabbit IgG. It was then 
exposed to B-endorphin antiserum. The same cells are revisu- 
alised (see arrows). Magnification x 200. Again, exposure to 6 M 
guanidine HCI and UV light eradicated fluorescence. c, Re- 
exposure to goat anti-rabbit IgG as in b, followed by incubation 
with B-LPH antiserum. The same cells and processes are seen 
in all three photographs. Excess peptide (1 M) blocked all 
fluorescence. 
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Using anatomical, biochemical and immunological tools, it 
has been possible to demonstrate the existence of two separate 
opiate peptide neuronal systems, one being an enkephalin 
system and the other a B-LPH/B-endorphin/ ACTH-positive 
system. During this work, Rossier ef al.” reported that B- 
endorphin and enkephalin, as measured by RIA, are located in 
different proportions in several brain regions, again supporting 
the hypothesis of two separate opiate peptide systems. 
Although it is possible that B-endorphin serves as a precursor 
for met-enkephalin is enkephalin cells, it is also likely that it 
functions as a neuroregulator in its own neuronal pool. Further, 
it seems unlikely that met-enkephalin is purely a breakdown 
product of B-endorphin, as these peptides occur in morpholo- 
gically separate systems and can be differentially altered by 
lesions. The relationships between these two neuronal—bio- 
chemical systems and between the peptides within each system 
remain to be determined. 
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The role of GABA 
in the substantia nigra 





STRIATONIGRAL GABAergic fibres are widely believed to 
exert a tonic inhibitory influence on the dopamine (DA)- 
containing cells of the substantia nigra (SN), and contraversive 
and ipsiversive circling behaviour can be explained in terms of 
a greater or lesser activity of the dopaminergic neurones, 
respectively’”. However, the blockade of y-aminobutyric acid 
(GABA) receptors with intranigral picrotoxin occasionally 
stimulates rats to turn ipsiversively’“, rather than evoking the 
more commonly observed response in the opposite direction’. 
Similarly, injections of GABA agonists into the SN sometimes 
trigger an atypical contraversive turning syndrome***’. We 
describe here a study which sought to reconcile these paradox- 
ical phenomena by investigating the effects on circling 
behaviour of decreasing the influence of GABA within the SN 
with picrotoxin, and of potentiating the action of GABA with 
cis-1,3-aminocyclohexane carboxylic acid (ACHC)*, a 
neuronal GABA uptake inhibitor. We show that the same 
drugs are capable of producing opposite turning responses 
when injected into the rostral and caudal parts of the SN. 
Moreover, behaviour patterns influenced by the anterior SN 
are accompanied by significant changes in homovanillic acid 
(HVA) levels in the striatum and require an intact DA system, 
whereas turning responses initiated by caudal drug injections 
are apparently not mediated by the dopaminergic nigrostriatal 
pathway. 

Injections of picrotoxin (100 ng) into the rostral SN initiated 
immediate contraversive rotatory movements and a rise in 
striatal HVA concentration ipsilaterally, indicating that striatal 
DA utilisation had risen on the treated side of the brain (Fig. 
la and Table 1). By contrast, the administration of ACHC 
(10 ng) to the same area produced consistent ipsiversive cir- 
cling and a drop in HVA formation in the corresponding stria- 
tum (that is, a fall in DA turnover). Control injections of 
physiological saline were never observed to alter the animals’ 
behaviour or to modify striatal DA turnover. Groups of 12 rats 
receiving one or two doses of 6-hydroxydopamine (6-OHDA) 
showed, one week later, mean falls of 67.5% and 88.4%, 
respectively, in striatal DA levels. 6-OHDA treatment abol- 
ished the turning responses to both rostral picrotoxin and 
ACHC, and significant attenuation of both drug-induced 
behaviours was achieved with haloperidol (0.4 mg per kg, 
intraperitoneally) and electrocoagulation of the crus cerebri 
(Fig. la). From these data we conclude that the behavioural 





Table 1 Influence of intranigral picrotoxin and ACHC on striatal 
HVA concentration 





Drug Striatal HVA concentration 
treatment Placement (ug per g wet weight) P 
Contralateral Ipsilateral 
Picrotoxin Rostra! 0.35+0.02 0.69 + 0.04 < 0.001 
Caudal 0.38 +0.02 0.36 +0.02 NS 
ACHC Rostral 0.39+0.02 0.23 +0.02 <0.001 
Caudal 0.41 +0.02 0.46 +0.02 NS 





Male Wistar albino rats (Tuck, 190-210 g) were anaesthetised with 
halothane and injected stereotaxically (0.1 wl over 5 min) with picro- 
toxin or ACHC into the rostral (A2.5, L2, D-2) or caudal (A1.6, L2, 
D-2) regions of the SN”. On recovery, rats were placed singly in cages 
and the numbers of complete revolutions made in a minute were scored 
every 5 min for a total of 30 min. DA’? and HVA!'! were assayed 
fluorimetrically in corpora striata dissected from the brains of separate 
groups of rats injected intranigrally with the drugs and killed after 
15 min when the frequency of turning was highest. Each value is the 
mean+s.e.m. of six separate experiments. NS, not significant by 
Student’s t-test. 
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Contralateral 


Turns in 30 min 





Ipsilateral 


Fig. 1 Turning responses elicited by picrotoxin {open columns) 
and ACHC (shaded columns) injected into the rostral (a) and 
caudal (b) regions of the SN (see legend to Table 1). Results are 
shown for injections made into untreated control animals (first 
columns, n=12), for groups of six rats pretreated with one 
(second columns) or two doses (third columns) of 6-hydroxy- 
dopamine unilaterally into the median forebrain bundle (4 pg in 
2 pl, one week earlier), or haloperidol (0.4 mg per kg, intraperi- 
toneally, 30 min previously} (fourth columns}, and for rats with 
one-week-old unilateral electrolytic lesions of the crus cerebri 
(fifth columns, n = 6). Electrolytic lesions were made by implant- 
ing fine concentric bipolar electrodes into the crus cerebri close 
to the mammillary bodies and passing a direct current of 1 mA 
for 10s. *P<0.01, *#*#P<6.001 compared to controls 
(Student’s t-test). 


responses to picrotoxin and ACHC, delivered discretely into 
the anterior region of the SN, were caused by modifying the 
levels of endogenously released GABA and thereby altering 
the activity of the DA cells. 

We found it was also possible to make rats rotate by injecting 
either of these two drugs into the caudal area of the SN. 
Surprisingly, the direction of turning was now opposite to that 
evoked by rostral drug placements (Fig. 16). We have no 
evidence that these caudally evoked responses involved the 
nigrostriatal DA system, as there were no corresponding 
changes in striatal HVA production (Table 1) and the 
behaviours were scarcely attenuated by successful lesions of the 
median forebrain bundle (Fig. 15). Similarly, haloperidol only 
slightly reduced ACHC-induced contralateral rotation, 
whereas picrotoxin-induced ipsilateral movements were 
completely insensitive to DA receptor blockade. Interestingly, 
both drugs were more or less equally effective when adminis- 
tered to the caudal SN of crus cerebri-lesioned rats, suggesting 
to us that the GABA afferents to the anterior and posterior 
areas of this nucleus may follow separate paths. 

The finding that the direction of turning elicited by intrani- 
gral injections of picrotoxin and GABA-like drugs depends on 
whether the compounds are delivered rostrally or caudally in 
the SN offers a simple explanation for the contrasting 
behavioural actions of these drugs that have been reported by 
different investigators’’'*. The traditional notion of an inhibi- 
tory link between GABA- and DA-containing neurones in the 
rostral SN therefore seems sound, but it does not account for 
the opposite action of GABA in the caudal SN. Two possible 
explanations warrant consideration. Where contraversive 
rotation induced by the intranigral administration of GABA- 
like drugs? can be related to increased nigrostriatal 
dopaminergic activity”, it may be conjectured that the 
compounds are acting indirectly by suppressing the activity of 
nigral inhibitory interneurones, thereby de-inhibiting (that is, 
exciting) the nigrostriatal DA pathway'”'*. On the other hand, 
we have found that behavioural responses elicited by 
modifications to the GABA system in the caudal SN are resis- 
tant to inhibition by procedures which attenuate nigrostriatal 
DA cell activity. We interpret this to mean that a second 
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system of non-dopaminergic (excitatory?) neurones originates 
in the region of the SN and cooperates in the control of motor 
activity and that these, too, are under inhibitory GABA 
control. 
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Striatal dopamine release and 
contraversive rotation elicited 
by intranigrally applied muscimol 


SEVERAL lines of evidence indicate that release of dopamine 
(DA) within the corpus striatum mediates turning behaviour in 
the rat”. The turning occurs in a direction away from the 
striatum with the greatest activation of DA neurones. 
Contraversive turning also occurs after unilateral microinjection 
of agonists of y-aminobutyric acid (GABA) into the substantia 
nigra (SNY, the site of origin of the dopaminergic nigrostriatal 
pathway. This finding was unexpected, as GABA inhibits 
neurones’® thought to be DA-containing cells’'° in the SN. 
Hence, a GABA agonist would be expected to cause a decrease 


in the rate of release of striatal DA on the microinjected side and 


result in ipsiversive turning. Therefore, it is unclear whether a 
GABA agonist applied to the SN alters DA release in the 
ipsilateral striatum to evoke turning, or whether the turning 
results from a non-dopaminergic mechanism”. The dopamine 
antagonist, haloperidol, has been reported either to reduce 
significantly*° or exert no action on*” the contraversive turning 
response evoked by intranigral injection of a GABA-like 
compound. To clarify the action of GABA on the nigrostriatal 
dopaminergic system, we examined the effect of muscimol, a 
potent GABA agonist'', on striatal DA metabolism and release. 
We report here that intraperitoneally (i.p.) administered 
muscimol increases the concentration of striatal homovanillic 
acid (HVA) and that intranigral perfusion of muscimol simul- 
taneously evokes both contraversive turning and DA release 
from the ipsilateral striatum. 

The effect of peripherally administered muscimol on the 
striatal levels of DA and its major metabolite, HVA, are given in 
Table 1. The concentration of striatal HVA was increased 
significantly at 0.5, 1 and 2 h after muscimol (2 mg per kg, i.p.) 
injection, whereas the concentration of DA was not altered. 
These results agree with those obtained in mice’? and suggest 
that systemically administered muscimol can stimulate turnover 
or release of DA in the striatum. 
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Table 1 Effect of muscimol on rat striatal dopamine and homovanillic 


acid 
Time (h) after Concentration (nmol per g +s.d.) 
muscimol Dopamine Homovanillic acid 
0 21.54+3.3 1940.5 
0.5 21.2+7.8 2.8+0.6* 
1.0 24.3+6.3 3.51.17 
2.0 22.2+£7.9 40+ 1.6* 
4.0 20.9+4.9 2.3+0.9 





Male Sprague-Dawley rats (Charles River, n=6 per group) were 
given muscimol (2 mg per kg) intraperitoneally. Zero time control rats 
were treated with the vehicle (0.9% saline). Dopamine and homovanillic 
acid were extracted simultaneously from the same tissue sample and 
measured by a fluorometric method as described previously”. 

* Different from vehicle-treated control, P< 0.02 (Student’s t test). 


To evaluate the effect of muscimol on DA neurones further, 
the striatal release of the neurotransmitter was studied, using a 
push-pull cannula, while simultaneously perfusing a solution of 
muscimol through a second push-pull cannula in the ipsilateral 
SN. For push-pull perfusion, seven male Sprague—Dawley rats 
weighing 480-550 g, with a guide cannula chronically implanted 
in the corpus striatum and SN, were used. One week after 
surgery, a concentric push-pull cannula? was lowered into the 
striatum and an artificial cerebrospinal fluid (CSF)'* containing 
50 pCi ml~' of *H-tyrosine (40-50 pCi mmol™') was perfused at 
a rate of 30 ul min™’. The experiment, modified from that of 
Nieoullon et al.'°, consisted of eight serial 15-min perfusions of 
the striatum. During the fifth and sixth striatal perfusion, 10°* M 
muscimol or the CSF vehicle was perfused simultaneously 
through the SN. A 400-,l aliquot of each striatal perfusate was 
assayed for “H-DA content using the ion-exchange method of 
Neff et ai.’®. 

Each animal was used in two experiments spaced by a one- 
week interval. CSF was perfused through the SN in one and 
muscimol (10°* M) in the other. Muscimol was used first in four 


Fig. 1 The mean (+s.e.m.) °H-DA efflux detected in eight 
consecutive push-pull perfusates collected in the striatum. The 
radioactivity due to "H-DA is expressed as a % of the spontaneous 
release value (indicated by the dotted line) as defined in the text. 
The horizontal bars ( zzm) indicate the periods during which either 
muscimol (1074 M) (a) or CSF (b) was simultaneously perfused 
through the SN. 

* Significant difference between groups (7 = 5) using the Mann- 

Whitney U-test {P < 0.002). 


Radioactivity due to *H-DA in the perfusate (+ s.e.m.) 
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Fig. 2 A sagittal section of the rat brain depicting the areas 
perfused. The stippled section in the dorsal striatum encompasses 
the sites at which ~“H-tyrosine was perfused and ` 3H-DA release was 
measured (n = 6). The cross-hatched section in the SN encom- 
passes the area in which muscimol was perfused (n = 7), whereas 
the site in the globus pallidus at which no increased 7H-DA release 
was noted during the muscimol perfusion is indicated by the black 


spot. 


animals. The mean amount of °H-DA in the four perfusates 
preceding the SN perfusion was used as a value indicative of 
spontaneous °H-DA release (SR). °H-DA in each perfusate was 
expressed as a percentage of the SR and compared between 
muscimol and CSF perfusions using the Mann-Whitney U-test. 
The mean SR for 56 perfusates was 3.35 + 0.62 (s.e.m.) nCi per 
ml of effluent. Each perfusion site was verified using the atlas of 
König and Klippel’’. 

In five rats, both contraversive turning and a significant efflux 
of 7H-DA within the ipsilateral striatum were observed. As 
shown in Fig. 1, the efflux of *H-DA rose significantly during the 
muscimol perfusion and remained elevated in the subsequent 
perfusates. *H-DA release reached a maximum of 400% of SR 
in the first striatal effluent collected after stopping muscimol 
perfusion. The contraversive turning response to muscimol 
began with latencies varying between 30s and 8 min, possibly 
due to slight differences in cannula placement. As with the 
release of °H-DA, contraversive turning and postural asym- 
-metries also persisted after the cessation of the muscimol per- 
fusions. Perhaps the persistent *“H-DA efflux, circling 
behaviour, and contralateral postural asymmetries were caused 
by muscimol which had diffused into surrounding tissue. If as 
little as 0.01% of the perfused muscimol solution had diffused 
into the SN, it would be equivalent to a 1-ng microinjection of 
muscimol, a dose which has been reported to evoke contraver- 
sive turning’. 

Increase of *H-DA release occurred only during or following 
the perfusion of muscimol which concomitantly evoked 
contralateral turning. Hence, only animals which both turned 
contraversively in response to muscimol and had verified neo- 
striatal and nigral perfusion sites were included in the group 
data. In one animal which did not turn during the muscimol 
perfusion, there was no increase in *H-DA in the striatal per- 
fusate. As shown in Fig. 2, one striatal perfusion site was actually 
in the globus pallidus. Although this animal turned during the 
muscimol perfusion, no significant “H-DA efflux was observed 
from the pallidal site. 

The SN perfusion of the potent GABA agonist, muscimol, 
both releases *H-DA in the ipsilateral striatum and evokes 
contraversive turning, supporting the hypothesis that muscimol- 
evoked turning and striatal DA release are causally related and 
suggesting that striatal DA mediates the turning. Muscimol may 
act to release DA neurones from tonic inhibition mediated by 
other SN neurotransmitters which include: substance P (ref. 18), 
acetylcholine’’, serotonin'®, dendritic DA”? and glycine?’ 
Using the ‘encephalé isolé’ preparation in the cat, Chéramy er 
al.?*-** have already demonstrated that several of these putative 
transmitters can modulate striatal “H-DA release when they are 
perfused through the SN. Future studies of the effects of 
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muscimol on these substances may help to determine the precise 
mechanism whereby intranigrally administered muscimol 
evokes both contraversive turning and striatal DA release. 
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Coupled motoneurones are part of 
the crayfish swimmeret central oscillator 


SWIMMERETS in the crayfish are the paired ventral abdominal 
appendages which beat in a metachronal rhythm during 
behaviours such as swimming and burrow ventilation. Each 
swimmeret is driven by alternating bursts of impulses in 
antagonistic power- and return-stroke motoneurones, Although 
proprioceptive input affects the detailed structure of the rhythm, 
the basic motor programme can be elicited from the deafferen- 
ted abdominal central nervous system (CNS) by tonic stimula- 
tion of single ‘command fibres’ in the ventral nerve cord'”*. Each 
swimmeret is controlled by a hemigamglion capable of generat- 
ing the rhythm in isolation, althcugh normally the most 
posterior swimmeret ganglion (the *th) acts as a pacemaker, 
regulating the activity of the other ganglia through a series of 
coordinating fibres located in the medial region of the ventral 
nerve cord*. I report here the preliminary results of an investi- 
gation into the structure of the centra: neural oscillator control- 
ling swimmeret movements in crayfish. The results suggest that 
motoneurones in this system do not act merely as output ele- 
ments which passively relay the activity of an oscillator formed 
from pre-motor neurones within che CNS, but that the 
motoneurones themselves are an integral part of the pattern 
generating circuits. There is both excitatory and inhibitory 
central coupling between motoneurdnes mediated either by 
electrical or graded chemical synapses. Furthermore, the 
activity of some motoneurones can directly influence the 
intensity, period, and phase of the oscillation. 

Experiments were performed on the 4th abdominal ganglion 
of Pacifastacus leniusculus, which was.attached to the rest of the 
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abdominal CNS, but isolated from the peripheral and rostral 
nervous system. Intracellular recordings were made with 
microelectrodes penetrating neuropilar regions of 
motoneurones from the dorsal surface of the desheathed 
ganglion. Extracellular pin electrodes were placed on the 
anterior and posterior branches of the Ist root, for recording and 
stimulating return-stroke and power-stroke motoneurones 
respectively. In some of the experiments reported here rhythmic 
motor output could be elicited by stimulating either the anterior 
or posterior branch of the 1st root at 25 Hz for 1-2 s. No attempt 
was made to stimulate command fibres. Occasionally, spon- 
taneous rhythmic output was observed without any prior stimu- 
lation. The results of one typical experiment are described in 
detail below and then a summary is given of conclusions derived 
from a number of experiments. 

A neurone was identified as a power-stroke motoneurone 
because it had an axon in the posterior branch of the Ist root, but 
not in the anterior branch (Fig. la, b). During spontaneous 
rhythmic output its membrane potential showed subthreshold 
oscillations, receiving excitatory postsynaptic potentials 
(e.p.s.ps) late in the burst of spikes recorded from other 
neurones in the posterior Ist root, and inhibitory post-synaptic 
potentials (i.p.s.ps) during the burst in the anterior 1st root (Fig. 
Ic). It was thus likely to be a fast excitor power-stroke 
motoneurone’. Injection of subthreshold depolarising current 
into this neurone when the rhythmic output was not being 
expressed caused an increase in the tonic spike frequency of 
other neurones with axons in the posterior Ist root. Conversely, 
hyperpolarising this neurone caused a decrease in the spon- 
taneous spike frequency of such neurones (Fig. 2a). Since these 
effects result from subthreshold changes in membrane potential 
in a CNS isolated from the periphery, I conclude that this 
power-stroke excitor motoneurone is coupled to other power- 
stroke neurones either through nonrectifying electrical synapses 
or through graded chemical synapses in which there is a 
continuous release of excitatory transmittor by the resting 
neurone which can be increased by depolarisation and 
decreased by hyperpolarisation’®. 

This motoneurone was also coupled to pre-motor elements. 
When the motoneurone did not receive rhythmic input, it 
often received a tonic barrage of apparently unitary e.p.s.ps at 
~20 Hz, which was continuous for many minutes with a very 
stable frequency. The frequency of this barrage was not affected 
by low levels of injected current (which were sufficient to 


Fig. 1 Identification of a fast power-stroke excitor motoneurone. 
a, Triggering the oscilloscope sweep from a spike recorded 
intracellularly (lower trace, induced by injecting depolarising cur- 
rent) shows a phase-locked spike recorded extracellularly in the 
posterior (power-stroke) branch of the Ist root (middle trace) but 
none in the anterior (return-stroke) branch (upper trace). 5, Stimu- 
lating the posterior branch causes an antidromic spike (arrow) 
which is recorded intracellularly. A spike is also recorded in the 
anterior branch, but not consistently. c. During periods of oscillator 
activity, the motoneurone (upper trace) receives rhythmic subth- 
reshold depolarisations approximately in phase with bursts of 
spikes of power-stroke motoneurones in the posterior branch 
(lower trace) and in antiphase with the weak burst of spikes of 
return-stroke motoneurones in the anterior branch (middle trace). 
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Fig.2 a, Hyperpolarising current (middle trace) injected into the 
motoneurone (lower trace, bridge circuit only approximately 
balanced) decreases the spontaneous spike frequency of units in 
the posterior branch (upper line), while depolarising current 
increases their frequency. b, Hyperpolarising the motoneurone 
partially inhibits an excitatory presynaptic neurone. 


demonstrate the motoneurone coupling), but with larger ampli- 
tudes of hyperpolarising current, the e.p.s.p. barrage became 
discontinuous (Fig. 2b). When present, the e.p.s.ps still occurred 
at ~ 20 Hz, but the previously continuous barrage was now 
broken by silent periods up to several seconds in duration. The 
€.p.s.ps were augmented in amplitude by the hyperpolarisation 
and thus were probably chemical. No spikes recorded in the 
anterior or posterior ist root were phase locked to these e.p.s.ps, 
and so they are unlikely to be the result of reciprocal coupling 
from another motoneurone. Whatever the origin of these 
€.p.s.ps, the result demonstrates that this power-stroke excitor 
motoneurone is coupled to its own pre-motor excitor neurones, 
which suggests a positive feedback loop within the CNS. 
When the CNS was producing the rhythm which in the intact 
animal causes swimmeret beating, the parameters of the oscil- 
lation could be altered by injecting current into this single 
motoneurone. Hyperpolarising current (~3nA) caused a 
reduction in the number of units active during the power-stroke 
phase of the cycle and an increase in the activity of units in the 
return-stroke phase of the cycle. There was also a decrease in the 
frequency of oscillation and a disturbance of the strict recipro- 
city of power- and return-stroke activity (Fig. 3a). This could be 
seen not only in terms of the motor ouput as recorded extracel- 
lularly in the Ist root, but also as the synaptic input impinging 
upon the motoneurone. The i.p.s.ps during the return phase 
disappeared, probably because the membrane potential was 
near their reversal potential, while the e.p.s.p. barrage of the 
power-stroke phase became prolonged. These e.p.s.ps were 
similar in shape and intra-burst frequency to those described 
above in the quiescent preparation, but their identity remains a 
matter of speculation. More extreme hyperpolarisations 
(~5 nA) eliminated the rhythmic motor output altogether. 
Injection of small depolarising currents (1-2 nA) increased the 
number of units active in the power-stroke phase (including 
recruiting spikes in the injected motoneurone itself) and 
decreased the activity during the return-stroke phase. Hyper- 
polarising currents had the opposite effect (Fig. 3b). The 
depolarising current had no significant effect on the period of the 
rhythm, but the hyperpolarising current slowed it by 6% (P< 
0.025). Continuous injection of larger depolarising currents 
strongly inhibited return-stroke activity, and increased the 
activity of a number of power-stroke neurones to the extent that 
it became difficult to distinguish any rhythmicity in the motor 
output. However, injection of pulses of such depolarising cur- 
rent had a strong resetting effect on the oscillator, including both 
the power- and return-stroke phases of the rhythm (Fig. 3c). 
The levels of current used in these experiments were low 
(<5 nA), and thus it is likely that the changes in motoneurone 
membrane potential occurring in the absence of experimental 
interference are effective in producing the central interactions. 
Much larger currents (10-20 nA) injected into extracellular 
space immediately after withdrawing the microelectrode from 
the neurone had no effect. The preparation remained healthy for 
several hours, and both the coupling to other motoneurones and 
the effects on the oscillation of injecting current into the 
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Fig. 3 a, Hyperpolarising current (2nd trace) injected into the motoneurone (upper trace) reduces the intensity. of the power 


activity (bottom trace) and increases the period of the oscillation. There is greater than usual overlap between power- a 
trace) activity. (The apparent motoneurone hyperpolarisation about 2 s after the start of current injection is caused by 
balance.) b, Small depolarising currents (i) increase the intensity of power-stroke activity and decrease the intensity of 
while small hypolarising currents (ii) have the opposite effect, Note the slight difference in period between (i) and (i) cy 








a puis 
depolarising current (bridge unbalanced) can reset the phase of the oscillator. The solid bars under the record indicate = umes: at which 
power-stroke activity would have been expected had there been no resetting, 


~ motoneurone could be demonstrated repeatedly and consis- 
tently. 

The Gacillator has been reset by injecting current (<5 nA)into 
a single neurone in a total of four separate preparations—twice 
when depolarising current was injected into power-stroke 
motoneurones, and twice when depolarising current was 
injected into neurones which did not spike in response to 
depolarising current (up to 10 nA). Two other power-stroke 
motoneurones did not reset the oscillator when injected with 
similar levels of depolarising current. This variability may be due 
to differences in the sites of current injection relative to central 
output synapses of the motoneurones. Alternatively it may 
reflect genuine differences within the population of 
motoneurones. This latter is quite likely, since the lobster 
swimmeret motor pool consists of about 50 motoneurones 
innervating 11 muscles per swimmeret’, and the crayfish 
swimmeret system is probably just as complex. The gross dis- 
tinction of power- and return-stroke motoneurones used in this 
work takes no account of basipodite rotators, exopodite 
openers, closers, benders and so on which cannot yet be 
identified in the isolated central nervous system. To determine 
what proportion of the total motor pool has access to the 
oscillator will require many more experiments. 

Penetrations of power- and return-stroke motoneurones in 
more than 10 preparations which were not oscillating (and 
whose motoneurones could therefore not be tested for access to 
the oscillator) has revealed that coupling between 
motoneurones is widespread. Only rarely have motoneurones 
been found which did not exhibit some form of coupling. In 
general, this coupling is organised such that depolarising current 


injected into one motoneurone excites its synergists and inhibits 
its antagonists, while hyperpolarising current. has the opposite 
effect. In at least two pairs of power-stroke motoneurones the 
coupling is reciprocal and seems to be the result of an electrical 
synapse. Interactions are strongest between ipsilateral 
motoneurones within a ganglion, but have also been shown 
between motoneurones in adjacent ganglia. As yet no coupling 
has been found between contralateral motoneurones. 

These results show that in the neural system controlling 
swimmeret movements the activity of at least some 
motoneurones can influence the intensity, frequency, and phas- 
ing of the rhythmic motor output from an isolated CNS. This 
suggests that these motoneurones themselves are part of, or at 
least can interact with, the oscillator circuit, and are thus not 
simply passive output elements. Furthermore, since none of the 
motoneurones from which I have recorded are endogenous 
pacemakers, the parameters of the oscillator must be a property 
of a network of neurones. The coupling between motoneurones 
demonstrated in the quiescent CNS may be a result of direct 
connections between the motoneurones, or may be mediated by 
interneurones, perhaps some of the same interneurones as those 
involved in the oscillator circuit. 

This work was supported by USPHS grant NS 12295 and the 
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Evidence for the functional involvement 
of carotenoids in the 
photoperiodic reaction of spider mites 


PHOTOPERIODISM in insects and mites depends on the 
presence of light-absorbing pigments, which are probably 
located in the central nervous system; photoperiodic responses 
are mediated by the direct action of light on these nervous 
elements’. Until now, pigments involved in photoperiodic pro- 
cesses such as diapause and polymorphism have not been 
identified. Different groups of pigments have been named by 
various authors as possible candidates for this function. A 
biologically active role based mainly on action spectra studies 
and the absorption characteristics of isolated pigments has 
been suggested for pterins’, carotenoids’, a combination of 
carotenoproteins, flavoproteins and haemoproteins* and bile 
pigments’. Carotenoids, pterins and flavins have also been 
proposed as possible photoreceptor pigments in studies on the 
spectral sensitivity of circadian rhythms®. According to Lees’, 
however, the usefulness of action spectra in identifying the light 
acceptor is limited, as spectra for photoperiodic action cannot at 
present be matched against absorption curves. A different 
approach was used by Zimmerman and Goldsmith’, who reared 
Dresophila on a carotenoid-free diet and showed that in one 
generation the sensitivity of the visual receptors was lowered by 
3 log units because of lack of rhodopsin. At the same time the 
photosensitivity of the rhythm of pupal eclosion in the cultures 
was not affected, from which it was concluded that the pigment 
involved in mediating light effects on the circadian rhythm in 
Drosophila is not a carotenoid derivative. We demonstrate here 
that carotenoids are functionally involved in the photoperiodic 
induction of diapause in the spider mite Tetranychus urticae 
using a method involving pigment mutants. 


In T. urticae, only adult females may undergo a facultative © 


diapause, induced by short-day photoperiods experienced dur- 
ing the larval and nymphal stages. With the test regime. used 
(10L: 14D, 18 °C) the different wild-type strains showed a 100% 
diapause*. From a wild-type strain we have isolated seven 
different pigment mutants, all due to single recessive mutations 
which interfere with the uptake and oxidative metabolism of 
B-carotene in these mites’. It seemed that only the albino 
mutant showed a lowered diapause response, all other pigment 
mutants exhibiting 100% diapause in the above test regime. 
Four albino mutants, which arose spontaneously in different 
wild-type strains, all responded with a lowered diapause, 
although all four originated from wild-type strains which give 
100% diapause in the test conditions. Complete diapause has 
never been observed in any albino strain; although highly 
variable in expression (diapause responses range over 0-80% in 
different tests), the percentage diapause in albino strains is 
always markedly reduced in comparison with wild type. Back- 
crossing of three of the albino mutants to wild type for 10 
generations did not restore the capability to diapause. As cross- 
ing-over is thought to occur very frequently in these mites’®, 
these findings are a strong indication for a functional involve- 
ment of the albino locus in the photoperiodic reaction of 
T. urticae. 

Even stronger evidence for a functional connection between 
the presence of carotenoid pigments and diapause was obtained 
in other crossing experiments between wild type and albino. For 
these crosses use was made of the male haploidy (arrhenotoky) 
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in T, urticae, The out-cross of the albino mutant to wild type 
gives hybrid daughters which are phenotypically wild type and 
diapause normally. Crossing these hybrid females to albino 
males produces a mixed female offspring, consisting of wild type 
and albino in a 1:1 ratio. Surprisingly, both these categories 
show a 100% diapause when tested in the photoperiodic regime 
mentioned above. Albino females of this offspring, after random 
mating with their brothers, which also consisted of a 1: 1 ratio of 
wild type and albino, again gave rise to a mixed offspring of 
wild-type (hybrid) and albino females. From these, the wild-type 
females all diapaused on short-day treatment, whereas the 
albino daughters showed the same lowered diapause response as 
described for the different albino strains. From these crosses it 
seems that 100% diapause in albino is realised only when the 
albino daughters come from hybrid, phenotypically wild-type 
mothers. Apparently a maternal effect is responsible for the 
complete induction of diapause in albino females. 

The lowered diapause response encountered in all albino 
strains and the fact that the capability to diapause could not be 
restored by a series of back-crosses to wild type, suggest that the 
albino locus exerts a pleiotropic effect, influencing both pig- 
mentation and diapause induction. The discovery of the mater- 
nal effect in the crossing experiments described above confirms 
this supposition and leads us to conclude that carotenoids are 
functionally involved in diapause induction in T. urticae. With 
respect to pigmentation, a maternal effect, consisting of small 
red eyespots in albino males produced by wild-type hybrid 
females, has been demonstrated previously in these mites’’. 
This showed that the egg of spider mites transmits a certain 
amount of carotenoids, which may be used for the formation of 
eyespots. From the experiments described above it could be 
concluded that these maternally derived carotenoids may also 
be utilised by the embryo in the formation of a photopigment 
concerned in the induction of diapause. Very small amounts of 
pigment would probably suffice for this function. A more 
elaborate account of these and other results will be published 
elsewhere. 
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Evidence for passive electrotonic 
interactions in red rods of toad retina 


SINCE Baylor, Fuortes and O'Bryan’ first demonstrated inter- 
actions between vertebrate photoreceptor cells, many types of 
inter-receptor influences have been described’"'. While some 
of these interactions are mediated by horizontal cells'*°, others 
apparently result from direct contact between the photorecep- 
tors themselves'?*~'*. Fain etal. reported that the red rods of 
the toad Bufo marinus were coupled by gap (electronic) 
junctions, and that single rods received detectable signals from 
other receptors over a retinal area of about 0.5 mm. This 
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receptive field area is 4-100 times larger than those measured 
for photoreceptors of a variety of species ™*7 >13. Fain et al. 
found this extensive spread of rod signals to be inconsistent with 
network models containing only passive elements and this raised 
the possibility that some active. process, perhaps in the rod 
membrane, contributed to the spread of rod signals. We report 
here results which indicate that single rods sum signals over only 
1/16th the area previously estimated; this smaller receptive field 
area implies more intrinsic noise, a larger response to single 
photon absorptions, and a larger signal-to-noise ratio than 
predicted by the previously reported results’°. Furthermore we 
find that, as in other species (ref. 13, and Copenhagen and 
Owen, personal communication),the spread of low-amplitude, 
light-evoked responses between photoreceptors can be accoun- 
ted for by purely passive electrical properties. 

Bufo marinus red rods were impaled in eye cup preparations 
and identified by their characteristic slow waveforms*’**, 
spectral sensitivities", and by. injection of Procion yellow. 
Receptive field properties were determined using two different 
stimulus configurations. 

Two of us (H.F.L. and D.R.C.) recorded rod responses to a 
long, narrow bar of light flashed at various regions of each rod’s 


receptive fied. This bar was moved across the retina in a stepwise: 


fashion, perpendicular to the long axis of the stimulus, and at 
positions separated by either 9.0 or 13.5 um the stimulus was 
flashed from three to six times. Multiple responses, recorded to 
flashes at each position, were computer averaged and the peak 
amplitudes plotted semi-logarithmically as a function of slit 
displacement (Fig. 1). For all cells tested, the light response 
decreased exponentially as the bar was moved from the centre to 
the periphery of the receptive field. Such behaviour is predicted 
by two-dimensional cable models and permits the spatial pro- 
perties of the response to be characterised by a length constant A 
(refs 18, 19). For 11 rods tested, the mean length constant was 
24+5 um (+s.d.) (Table 1). 

In independent experiments, receptive field properties of toad 
rods were measured by one of us (R.A.N.) using flashed circular 
spots of light of increasing diameter. A small, dim spot of light 
(13-30 um diameter) was centred over the most sensitive region 
of the rod’s receptive field, and photoresponses were recorded 
as the diameter of the spot was increased from 13 to 265 pm ata 
constant, dim light intensity (Fig. 2, inset). For the cell shown in 
Fig. 2, the response to these flashes increased asymptotically toa 
diameter exceeding 200 um. The diameter of the summation 
area (95% Vyr) was taken as 160 um. The continuous curve 
represents the relationship between spot diameter and central 
voltage response for a continuous two-dimensional resistive 
sheet with a length constant of 18 um. This relationship is 
described by 


Vid)= Va| 1 = K(<)| 


where V(d) is the voltage at the centre of the illuminated circle 
of diameter d, Vyp is the voltage with full field illumination, and 
K, is a modified Bessel function’*’*. For 14 rods tested in this 
manner, the mean length constant was 21 +6 um (+sid.} 

These results indicate that red rods are functionally coupled 
over an area of approximately 0.03 mm? rather than 0.5 mm? as 
previously estimated’®. Thus, each rod is functionally coupled to 
a maximum of 500-550 other rods rather than to 8,000-9,000 
(refs 10, 20). We have also learned that two other investigators 
(ref. 21, and G. Gold, personal communication), recording from 
red rods in isolated Bufo retinal preparations (rather than in eye 
cups), have found summaton areas comparable to those 
reported here, 

This smaller receptive field size has several implications for 
the physiology of Bufo red rods. For example, the magnitude 
(r.m.s. value) of the intrinsic noise (membrane events not caused 
by the absorption of a photon) in a coupled rod should be 
inversely related to the diameter of the summation area (pro- 
portional to A); this assumes that coupling serves- to average 


Response (mY) 





‘Bar displacement (jm) 


Fig. 1 Response of a Bufo marinus rod rod as a function of the 
displacement of a narrow stimulus bar. “he bar was moved through 
the receptive field of each cell twice. O. Data collected during the 
first pasa of the bar; @, data collected rs the bar was moved in the 
opposite direction. Points are the computer average of three to six 
responses at cach position. Solid lines were fitted by the method of 
least-squares error. The bar was produced by passing the light 
beam through a rectangular slit formed by two razor blades. The 
image of the slit on the retina had a nom nal halfband width of 8 m 
as determined by pessing the image across a 5-um entrance 
aperture to a photomultiplier tube which was in the position 
normally occupied by the eye cup. The lsngth of the bar was limited 
by an iris diaphragm and was 750 un in the central position. 
f Responses were elicited by 40-ms flashes of 514 nm light delivering 
to the retina about 120 photons per n° per flash. Details of the 
optical éystem and its calibration are described elsewhere”. 


noise sources across many rods as i: does with turtle cones”. 
Thus, the smaller summation area would increase estimates of 
intrinsic noise by a factor of ~4. Similarly, estimates of the 
coupling resistance between Bufo red rods would be larger for 
this smaller summation area, and one would expect less shunting 
of signals to adjacent rods. Quantitatively, estimates of input 
resistance, and hence the signal generated by the absorption of a 
single photon, would be increased by a factor of ~10. Therefore, 


Tabie 1 Summary of length constants for 11 Bufo marinus red rods 


Rod no À rt A. r$. V æatre (mV) 
1 25.9 0.99 24 6 0.97 2.2 
2 26.1 0.96 24 6 0.97 3.4 
3 33.8 0.99 189 0.98 2.7 
4 24.2 0.98 - 23 2 0.98 Za 
5 22.3 0 94 178 0 98 2.0 
6 24.0 0.99 254 0.97 2.4 
7 21.7 0.98 247 0.96 1.0 
8 31.3 0.99 28 8 0.95 2.3 
9 26.3 0.99 217 0.99 2.1 

10 28.3 0 99 25-0 0.97 2.2 
11 155 0.99 126 0.99 1.8 


A. and A, represent length constants cn opposite sides of the centre 
for individual rods; r7. and 72 are the coeficients of correlation between 
the dats and a simple exponential function (Fig. 1). Vate is the 
amplitude of the light response when the stimulus bar was over the 
central (most sensitive) part of the field. Crifferences between à and A, 
could not be attributed to retinal position or optical factors. Similar 
asymmetries have been seen in other species (ref. 18, and Copenhagen 
and Owen personal communication). The mean of these 22 length 
constants is 23.944.7 um (+8.d.). 
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Fig.2 Amplitude of photoresponses (circles) to 500-ms flashes of 
a dim circular spot of white light as its diameter was increased from 
13 to 265 um. The solid curve is the relationship between spot 
diameter and response amplitude for a continuous two-dimen- 
sional sheet which exhibits a length constant of 18 pm. Inset: 
photoresponses recorded (from top to bottom, respectively) at 13, 
23, 47, 82, 131, 167, 219 and 265 um spot diameters (curves 
displaced for illustration). Spots were generated with either an iris 
diaphragm (for the large spots) or with a plate containing a variety 
of apertures (for small spots). Spot diameters were calibrated by 
observing the image cast on the retina with a microscope containing 
an ocular reticle. Details of the optical system and its calibration 
are described elsewhere’*. 


the predicted signal-to-noise ratio for single photon capture 
would be increased by a factor of ~2.5. Most importantly, our 
data show that the spatial properties of Bufo red rod responses 
are well described by an exponential for thin bar-shaped stimuli 
and a modified Bessel function for circular stimuli. Therefore, 
our results indicate that a network containing purely passive 
membrane and coupling resistances can account for the extent of 
spread of signals between Bufo red rods. 

_This research was supported by the National Eye Institute and 
the National Institute of Neurological and Communicative 
Disorders and Stroke, USPHS. 

Note added in proof: Detwiler et al.”? recently reported that 
the network of turtle rods possesses some properties of a 
high-pass filter. In the analysis of our data we have assumed a 
purely resistive network in modelling the spread of Bufo rod 
signals. It can be shown, however, that under the passive 
network assumptions used by Detwiler et al. (their Fig. 16), the 
d.c. space constant is still described solely by the resistive 
network elements if determined from measurements of the peak 
response amplitude (where dv/dt = 0). 
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+ 2+ 
Increase in free Ca 
in muscle after exposure to CO, 


IT IS now established that a change in intracellular free Ca?* 
forms a vital link in the action of certain hormones and neuro- 
transmitters as well as in excitation—secretion and excitation— 


contraction coupling’. Here we report an increase in intracel- 
lular free Ca** (Cajt), brought about by exposure of muscle 
fibres to CO. This effect may provide an important clue to the 
mode of action of CO, in muscle cells as well as to a possible 
regulation of Caj* by changes in intracellular pH (pHi). 

Single muscle fibres from the barnacle Balanus nubilus were 
axially injected with the calcium-sensitive photoprotein 
aequorin®, prepared by chromatography from extracts of 
Aequorea forskalea”. Usually a period of 2h was allowed for 
uniform distribution of the photoprotein internally, after which 
the light was recorded with an EMI photomultiplier tube 
(9634A), run at —900 V, with the output (time constant 10 ms) 
displayed on a pen recorder. The fibres were bathed in artificial 
seawater (ASW), composition (mM) NaC! 510, KC! 12.9, CaCl 
11.8, MgCl, 23.6, NaHCO, 2.6 and TES 2.0 at pH 7.1 and 
temperature 17-23 °C. 

If the ASW was replaced with ASW which had been equili- 
brated with either 5, 10 or 100% CO, so that the values of the 
saline pH were 6.4, 6.1 and 5.0 respectively, the aequorin light 
emission increased over a period of 10-20 min, reaching in 
100% CO, a new steady level which was 5~25 times (nine fibres) 
the initial resting value (Fig. 1b-d). This response to CO, was 
observed immediately after aequorin injection, although the 
rate at which the steady level was achieved was slower than after 
the equilibration period of 2 h. If the pH of 100% CO,-ASW 
was adjusted to 6.9 by addition of 100 mM NaHCO; (replacing 
NaCl) there was still a marked increase in aequorin light emis- 
sion. Application of an ASW at pH 5.0 (buffered with 10 mM 
NaH,PO, or 10 mM Tris-maleate) produced relatively little 
change (Fig. la) in light emission over 20 min (in some fibres a 
small increase and in others a decrease in light was observed, the 
maximum change being 0.3 times the resting light). These last 
two observations suggested that it was either a direct action of 
CO, or a change in pH; that initiated the aequorin light 
response. 

The fact that CO, does readily change pH; in these and other 
cells is well documented’™’°. Application of 100% CO.—-ASW 
produces a change in pH, of about 1 unit from 7.2 to 6.2 in 
crustacean muscle fibres after a period of 10-15 min’”, whereas 
phosphate-ASW (pH 5.0) produces a change in pH, of only 
about 0.2 pH units over the same period’. We have also deter- 
mined that the increase in light emission seen in CO,—ASW was 
not brought about simply by a direct action of either H* or CO, 
on the apparent affinity of aequorin for Ca**. First, in a synthetic 
internal solution having the following composition (mM) KCI 
150, NaCl 20 and MgCl, 5, with added Ca** about 60x 10°°, at 
pH 7.1 with KCO, (Johnson Matthey) there was no increase in 
the aequorin light emission after equilibration with 100% CO, 
(pH 5.0 finally) and the records in fact indicate a small inhibitory 
effect which would be expected from the known values of the 
apparent binding constants of these ions to the photoprotein at 
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these different pH values’’ (Fig. le-g). In vivo, the pH, change 


would be less than occurred in this assay (see above). Second, the 


increase in light emission was also accompanied by an increase in 
isometric tension development (Fig. 14), which was equivalent 
to about 0.6% of the maximum tension, Po, for this preparation 
(49 Nem“). 

All these experimental observations strongly suggest that the 
increase in aequorin light emission in CO -ASW does in fact 
represent an increase in free Ca?*. Assuming that the free Ca?* 
is proportional to (aequorin light)°* (ref. 11), and that the 
change in Ca?* is uniform within the fibre at the peak of the 
response, the increase in free Ca?* by 100% CO, is calculated to 
be approximately two to four times, increasing from 70-100 nM 
(refs 12 and 13) to 140-400 nM, respectively. 

It was important to determine whether this increase in free 
Ca?* resulted from either a stimulation of calcium influx across 
the surface membrane or a release from internal stores or a 
combination of both processes. Replacement of ASW with 


OCa-~-ASW (Na replaced) reduced the aequorin light response in, 
100% CO, to 7-27% (n = 6) of the control response in 100%. 
COASW, after 12-50 min in OCa—-ASW (Fig. 2) and the’ 
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100%, CO,-ASW 
Fig. 1 a-d, Effects of extracel- 


lular pH and CO, on asquorin 
light emission from a single 


hi | | 
muscle fibre in ASW at pH 7.1 
TES (NTris[hydroxymethy]]- 
methyl-2-aminoethanesulphonic 
acid) a, ASW at pH 5 1 (10 mM an 
NazHPO,), b, c and d, ASW 
equilibrated with 5, 10 and 100% 


CO, at final pH 6.4, 6.1 and 5 0, 
respectively. Baseline is zero 
light emission. Ambient light 
SnA, Fibre membrane potential 
(En) ~51 mV. e—g, Effects of pH 
and CO, on sequorin light emis- 
sion from a simulated muscle 
solution (see text) e and g, 
controls at pH 7.1; f, after equil- 
ibration with 100% CO, at final 
PH 4.8. Each trace shows a 
separate assay, and starts 3 min 
after 0.3 ul saturated aequorin 
solution was injected into each 
50- aliquot and rapidly mixed. 
Ambient light 2 nA. h, Isometric 
tension (i) and aequorin light 
emission (1i) from a single muscle 
fibre, showing response to 100% CO,—ASW at pH 5.0. Tension 
was recorded with an RCA mechanoelectric force transducer 
connected to a bridge circuit and Devices pen recorder‘. Fibre 
diameter 1,150 pm, Em —48 mV. Ambient light 5 nA. Calfbration 
for tension 1 mN = 0.2% P. 
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Fig.2 Effects of OCa (Na substituted) saline on the response to 

CO, of aequorin light emission from a single muscle fibre (Em 

~51 mV). a and c, 100% CO;-ASW; b. 100% CO;—-OCa; final pH 

_ both 5 0. Ambient light 5 nA. Note the reduction in resting light 
emussion in OCa—-ASW (see ref 13). 


tension response was also abolished This result seemed to 
support the idea that a stimulation of Ca** influx was involved in 
the response to CO. However, measurement of the resting 
“5Ca?* influx across the muscle membrane using the intracellular 
scintillator probe'*'* showed that the unidirectional Ca?* influx 
was reduced in 100% CO.—ASW by 40% over a 20-min period 
(three fibres) (Fig. 3a), whereas in phosphate-ASW (pH 5.0) 
there was no effect over a similar time (three fibres). These fibres 
had first been injected with 1 M KZEGTA solution giving a final 
intracellular concentration of 11-18 mM per kg in order for the 
probe to assess accurately the intracellular **Ca** concen- 
tration. 

The Ca’* efflux, measured after axial injection of **Ca’* (ref. 

16), indicated that in 100% CO -ASW there was an average 
reduction of 53% (three fibres) (Fig. 36), and in phosphate- 
ASW (pH 5.0) there was an average reduction of 36% (three 
fibres) in the rate of Ca’* loss from the cell. Thus, if the Ca** 
influx and the Ca’* efflux are approximately equal, then the 
effects of 100% CO, would be to produce a net Ca’* influx 
equivalent to 13% (about 0.1 pmol cm™’ s7') of the resting 
unidirectional influx. The failure of ASW-—phosphate (pH 5 0), 
which would produce a larger net influx equivalent to 36% of the 
resting unidirectional influx, to increase the free Ca?* in a similar 
way to the effect of CO,-ASW argues against the smaller net 
influx of Ca** observed in CO.-ASW being by itself responsible 
‘for the increase in free Ca?*. Also, external La** (2 mM), known 
to inhibit both the resting Ca’* influx and efflux’*’’7' as well as 
‘the increase in free Ca?* which occurs in Na-free ASW in these 
fibres”, failed to affect significantly the CO,-induced increase in 
free Ca?* (the mean response to CO; in the presence of La’ was 
93% of the control response in ASW (n = 3)). 

It seemed possible that changes in membrane potential, which 
‘have been reported to occur in muscle fibres exposed to CO1- 
‘-ASW*"* could have been releasing Ca** from internal Ca?* 
stores within the sarcoplasmic reticulum (SR). Measurements 
-with an axial, intracellular electrode (100 um tip) filled with KC] 

(3M) showed that 100% CO -ASW produced a slow 
depolarisation of 10-15mV over 20min (seven fibres). 
Depolarisations of similar amplitude and duration, produced in 
the same fibres by 60 K*-ASW, resulted in either tranment 
increases in light emission which were less than 10% of the 
‘increases observed with 100% CO.ASW, or no increases at all. 
In conclusion, it seems that external CO, application results in 

an increase in free Ca?* in these muscle fibres and that this 
cannot readily be attributed to either a net Ca?* influx alone or 
to a depolarisation of the surface membrane, although a CO,- 
induced depolarisation may contribute up to 10% of the obser- 
ved increase in aequorin light emission. The requirement of the 
response to CO, for extracellular Ca’*, as shown by the effects of 
Ca**-free saline, means that the small net Ca?* influx induced by 
CO,-ASW should not be ruled out entirely as a possible cause of 
the response. If, for example, the CO,-induced reduction in pH, 
. also impairs the functioning of the Ca?*-ATPase pump in the 
membrane of the SR, then a small net influx of Ca might lead to 
an increase in free Ca?*. There 1s evidence from frog skinned 
muscle fibres that the Ca?* loading of the SR at physiological 
ar D levels is decreased by a reduction of pH from 7.0 to 6.2 

ref. 19 
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Fig. 3. a, Effect of CO, on **Ca** influx, measured in a single 
muscle fibre using an intracellular scintillator probe. *°Ca** 
concentration in muscle fibre (as percentage extracellular Car" 
concentration) is plotted against time of immersion in *°Ca?* 
saline (0.1 mCi ml”'): ASW (pH 7. 1), 100% CO :-ASW (pH 5.0). 
Values of the influx (pmol cm™* s~'), calculated from the slope of 
the line drawn by linear regression analysis, are shown. Initial fast 
phase represents filling of extracellular ‘cleft’ system'*''>. Intracel- 
lular EGTA 14 mM per kg. E.,~47 mV; diameter 1,240 um. b, 
Effect of CO, on residual **Ca** efflux from single muscle fibre 
sch, had been axially injected with 4 CaCl, + TES (pH 7.1). 

appearing in external ASW was counted by liquid scin- 

aa . Fractional loss of “°Ca** (min™' x 10*) plotted against 

time after injection, The pH of 160% CO2-ASW was 5.0. 

En~ 48 mV. 


A second possible mechanism for the CO, response is a 
stimulation by the reduction in pH; of a Ca”* -dependent release 
of Ca’* from the SR, similar to the type which has been 
proposed to occur in the normal E-C coupling in skeletal muscle 
fibres”, Relevant to this is the finding that exposure of barnacle 
muscle fibres to OCa—-ASW results in a complete loss of the 
electrically evoked calcium transient and tension response 
within 10-15 min (C. C. A. and R. Burles, unpublished). This is 
thought to reflect a requirement of the E-C coupling process 
itself for extracellular Ca**, as the caffeine-releasable internal 
stores of Ca** are still reasonably intact at this time?’ and the 
amplitude of the extra Ca’* influx which occurs during electrical 
stimulation in normal saline is insufficient to account for the 
observed tension development'*’”, even if one assumes that all 
the extra Ca’* binds directly to the contractile proteins. 

A third possibility is that there is displacement of Ca** by H* 
either from some organelle other than the SR or from Ca** 
binding proteins :n the sarcoplasm. In this case the effect of 
OCa—ASW on the CO, response could be explained by a ready 


depletion of this labile intracellular Ca” store, following the 
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rapid decline in free Ca?* 
2). 

Evidence demonstrating that it may be a reduction in pH; and 
not the increase in intracellular CO, concentration which 
is the stimulus for the increase in free Caj* was obtained by 
injecting muscle fibres with various buffer solutions (1M 
KH2PO,/0.05 M NazHPO,, 1 M HEPES or 1 M Tris-maleate). 
Solutions of pH 5.0-5.5 transiently increased the aequorin light 
emission by up to 10 times, whereas solutions at pH 7.2 did not. 

Interestingly, aequorin light emission from squid giant axons 
is reduced by 5% CO2-ASW, and this has been attributed solely 
to changes in Ca** fluxes across the axon membrane2??, The 
opposite effect of this level of CO, on barnacle muscle may mean 
that in muscle, Ca** is being released from an intracellular 
source which is absent in nerve. 

This work was supported by a grant from the MRC. 
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Requirements for therapeutic 
inhibition of 
sickle haemoglobin gelation 


KINETIC studies on haemoglobin S gelation have shown that 
following initiation of the reaction there is a pronounced delay 
before the appearance of the polymer’. The delay time is 
extremely sensitive to physiological variables, such as total 
haemoglobin concentration and fractional saturation with 
ligand, and moderately sensitive to pH, salt concentration and 
temperature (near 37°C) >, Changes in these variables 
which decrease the delay time seem to be associated with 
increased clinical severity of sickle cell disease. These 
findings have been explained by a  pathophysiological 
mechanism in which a decrease in the delay time of intracel- 
lular gelation, relative to the capillary transit time, increases 
the probability of intracapillary sickling; blockage of the 
microcirculation is then possible, with consequent tissue anoxia 
and organ damage. An increase in the delay time, permitting 
cells to escape the narrow capillaries before gelation has 
begun, is therefore predicted to result in amelioration of the 
disease'''. We present here results of kinetic experiments 
designed to help answer the question: how much must the 
delay time be increased to obtain a given therapeutic effect 
in patients? 
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The gelation kinetics of haemoglobin S were investigated in 
mixtures with normal adult haemoglobin (A) or fetal haemo- 
globin (F). Increased proportions of these normal haemoglo- 
bins, if homogeneously distributed in the red cell population, 
are known to be associated with decreased clinical severity”. 
By correlating the delay time data on specific haemoglobin 
mixtures with the data on the associated clinical course, we 
obtained a quantitative estimate of the increase in the in vitro 
delay time required to produce a particular clinical status. 
These results, together with other kinetic data, were then used 
to evaluate various therapeutic strategies. 

The kinetic results reported here were derived from 
temperature-jump experiments in which the initiation of gela- 
tion was instantaneous relative to the delay time’. If initiation 
is not instantaneous, the observed delay will always be longer, 
this effect increasing with decreasing delay time. In such condi- 
tions, the increases in delay time will be smaller than those 
reported here. Zarkowsky and Hochmuth’, for example, found 
an increase of only 35-fold for the delay time of morphological 
sickling of A/S (heterozygous) trait cells relative to S/S 
(homozygous) cells. Kinetic studies on sickle cells by Rampling 
and Sirs” suggest that deoxygenation was not sufficiently rapid 
to resolve the delay time for S/S cells in the Zarkowsky and 
Hochmuth experiments. We point out, however, that deoxy- 
genation in vivo may also not be fast relative to the delay time, 
so that experiments designed to mimic this situation will show a 
decreased sensitivity of the delay time to solution variables. 

Figure 1 shows the delay time for the thermally induced 
gelation of mixtures. The effect of deoxyhaemoglobin F on the 
delay time is considerably larger than the effect of deoxy- 
haemoglobin A. This result is expected from previous equili- 
brium and minimum gelling concentration data, which showed 
that deoxyhaemoglobin F has a larger inhibitory effect than 
deoxyhaemoglobin A®’*'~**. A detailed experimental and 
theoretical analysis of both the kinetic and equilibrium data 
will be presented elsewhere”. 

In the double heterozygous conditions of sickle/B*- 
thalassaemia, red cells contain about 15-30% haemoglobin 
A’’ In mixtures of these compositions we measured a 10-100- 
fold increase in delay time. Although, as in homozygous sickle 
cell disease, the clinical severity is quite variable, $/8*-thalas- 
saemia is in general less severe than S/S disease’*'*. Our 
kinetic results suggest, then, that some therapeutic effect might 
result if the delay time of gelation were increased by a factor of 
10-100. In the double heterozygous condition of sickle/her- 
editary persistence of fetal haemoglobin (S/HPFH), red cells 
contain about 20-30% haemoglobin F'*'*. Such mixtures 
increase the delay time 10°-10*-fold. Since this condition pro- 
duces a much milder clinical course than S/S disease '*"**, 
increasing the delay time by a factor of 10°~10* can reasonably 
be expected to have a major therapeutic effect in patients. 
Finally, in sickle cell trait, red cells contain ~60% haemoglobin 
A and 40% haemoglobin S'*'*. The increase in delay time 
found for a mixture of this composition is ~10°-fold. Patients 
with sickle cell trait rarely show any clinical manifestations'® 
Increasing the delay time, then, by about a factor of 10°, could 
be expected to produce a ‘cure’ of S/S disease. 

Three different strategies to increase the delay time of 
intracellular gelation have been suggested. One is to directly 
inhibit polymerisation with molecules that competitively bind 
to sites of intermolecular contact. A second is to inhibit poly- 
merisation indirectly by increasing the haemoglobin oxygen 
affinity, thereby increasing the fractional saturation in capil- 
laries. A third strategy, suggested by previous kinetic studies, is 
to decrease the intracellular haemoglobin concentration''!. 

We can estimate the requirements for each strategy. The 
decrease in intracellular haemoglobin concentration, Ac, 
required to produce a given increase in the delay time, ta, can 
be directly calculated from the measured concentration 
dependence: d log ty/d log c = ~—(35~55) (refs 1, 6, 20). In the 
limiting case. where a molecule binds to a single site and 
completely prevents incorporation into the polymer, the frac- 
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Fig. 1. Effect of deoxyhaemoglobins A and F on the delay time 
of thermally induced gelation. The relative delay time is defined 
as the ratio of the delay time for the mixture, fiy to the delay time 
for deoxyhaemoglobin S alone, 14(8/%3), at the same total haemo- 
globin concentration. To obtain relazive delay times over seven 
decades at the same total haemaglobin concentration and 
temperature (286 g21°' and 23.4°C “or S-F mixtures, 270¢1°' 
and 23.0°C for S-A mixtures}, delar times were measured as a 
function of total haemoglobin coneentration and temperature 
using a turbidity technique’ and then extrapolated to the same 
values. All mixtures were initially prepared in the oxy form to 
permit complete hybridisation’. The curve through the S-F 
mixture points is theoretical, and is obtained from the equation 
log (tg/tg(S/S)) = ~s log G — Xe). which assumes that the mole- 
cular species—a 83, a2¥2 and azyk” hybrid-—~are present itl a 
binomial distribution’, and that only the a283 species poly- 
merises. A least-squares fit to the deta gives ¢ = 13.5. Details of 
the experimental procedures and daca analysis will be presented 
elsewhere”? 


tional saturation of the site with inaibitor, x, can be calculated 
from the relation: d log tg/d log (1 — x)= ~—10. This derivative is 
an average of values obtained from experiments in solutions 
partially saturated with carbon monoxide and from the S-F 
mixture data in Fig. 1°°*°. It is smaller than the corresponding 
derivative for the concentration dependence because the 
inhibited molecule, while incapable of being incorporated into 
the polymer, still occupies space in the solution and thereby 
increases the kinetically effective concentration of the unin- 
hibited, polymerising molecules*°°°**. Oxygen affinity cal- 
culations are more speculative, as the only relevant kinetic 
result is d log tg/dy ~ 10 (0< y < 0.5), where y is the fractional 
saturation of haemoglobin S with carbon monoxide’”. Assum- 
ing that the perturbation responsible for the change in oxygen 
affinity alters neither the degree of cooperativity nor the delay 
time for the completely deoxygenated molecule, we can use the 
result for carbon monoxide to calculate the minimum decrease 
in Psy required to produce a given Increase in delay time, Table 
1 summarises the results of the abore calculations. As solubility 
is a frequently used assay for gelation, and is related to the 
delay time by d log ty/d log c, = 393-40 {refs 7, 26, 30), the 
increase in solubility corresponding to the delay time increase 
is also shown. 

Table 1 suggests that the values cf x, Ac and Apso required to 
produce a ‘cure’ of S/S disease are large and will be difficult to 
achieve. To obtain 75% saturation of a perfect inhibitory site, 
and simultaneously maintain a low free inhibitor concentratior 
to minimise toxicity, a molecule with a high binding constant | 
required. A decrease in intracellular haemoglobin conce: 
tration of 75-110 g1"' might be accomplished with a reducti 
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Table 1 Clinical course, gelation delay time and requirements for methods of inhibition 





Clinica] course 








relative to Red cell composition fa Es åc Apso 
Condition S/S disease Xs Xa Xf tacs/s) c? x (gl”*) {mm Hg) 
S/B*-thal. Less severe 0.85~0.7 0.15~0.3 0 10-107 1.06~1.17 0.20-0.37 15-40 >4-7 
S/HPFH Much less severe 0.8-0.7 0 0.2-0.3 107=10° 1.19-1.26 0.50-0.60 40-80 >10-13 
A/S trait No disease 0.4 0.6 Q 10° 1.4-1.6 0.75 75-110 >17 
X; values (i = Hb S, Hb A, Hb F) are mol fractions; fa/ta(S/S) is the ratio of the mixture delay time for each composition to the delay time for 


pure deoxyhaemoglobin S at the same total haemoglobin concentration and is obtained from the data in Fig. 1; c/c? is the ratio of deoxy- 
haemoglobin S solubility in the presence of inhibitor to deoxyhaemoglobin S solubility without inhibitor; x is the fractional saturation of the 
inhibitory site required to produce the delay time increase; Ac is the required decrease in intracellular haemoglobin concentration, assuming a mean 
intracellular concentration of 340 g17' in S/S disease; Apso is the required decrease in partial oxygen pressure at 50% saturation with oxygen. For a 
given increase in the delay time the minimum Apso can be calculated from the experimental result on solutions partially saturated with carbon 


monoxide that d log tg/dy = 1078 


, and from the Hill equation, log (y/1—y)=n log (p/pso). It is assumed that n = 2.6 and psy = 26mm Hg for 


haemoglobin $ during the delay period, where a negligible amount of polymerisation has occurred. 


in haemoglobin synthesis, by, for example, introducing an iron 
deficiency (the ideal result would be a ‘switch’ from sickle cell 
disease to a much less severe anaemia)''*'. An equivalent 
increase in cell volume (22-32%) would be preferable, as it 
would presumably result in less interference with oxygen 
delivery. Increasing oxygen affinity is the most difficult strategy 
to evaluate. A realistic calculation would require detailed 
considerations of the kinetics of intracapillary deoxygenation. 
There is, moreover, insufficient data to evaluate the influence 
of homeostatic responses that maintain oxygen delivery. A 
decrease in tissue po, to increase oxygen extraction, would, for 
example, partially buffer the inhibitory effect of an increase in 
oxygen affinity’’. Note, however, that complete suppression of 
2,3- -diphosphoglycerate synthesis could lower the pso by as 
much as 10mm Hg****. Finally, we emphasise that the cal- 
culations in Table 1 consider only changes in single variables. 
Both molecular and physiological responses to a particular 
perturbation could result in simultaneous changes in all three. 
However, the comparisons in Table 1 suggest that therapeu- 
tically significant kinetic inhibition of intracellular gelation 
could be accomplished by any one of the three approaches. 

Many gelation inhibitors have been proposed as specific 
drugs for sickle cell disease’. The results in Table 1 should 
provide a useful framework for assessing the therapeutic 
potential of these inhibitors, particularly in analysing the pro- 
blem of gelation inhibition versus toxicity. Because very large 
doses of any single drug would be necessary to obtain a 
therapeutic effect in patients, it will probably be necessary to 
employ several drugs simultaneously, taking advantage of the 
multiple methods by which the delay time of intracellular gela- 
tion can be increased. 
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Initiation activity of EMC virus RNA, 
binding to initiation factor eIF-4B 
and shut-off of host cell protein synthesis 


PICORNAVIRUSES infecting susceptible animal cells inhibit 
synthesis of host proteins and direct the cells to synthesise viral 
proteins’. The mechanism for the shut-off of host cell protein 
synthesis is not understood, although several experiments 
indicate that initiation of host protein synthesis is specifically 
inhibited’. When initiation of protein synthesis is reduced by 
exposing cells infected by picornaviruses to hypertonic medium, 
synthesis of viral proteins is greatly favoured over that of host 
proteins” >. This suggests that viral templates are more success- 
ful in initiation than host templates’. Competition between 
picornavirus RNA and host mRNAs has been shown directly by 
in vitro translation experiments’. When these RNAs are added 
together in saturating amounts to a cell-free protein-synthesis- 
ing system, viral RNA is preferentially translated over host 
mRNA*”. This competition can be relieved by addition of 
initiation factor eIF-4B (previously designated IF-M;)°. This 
has suggested that eIF-4B may be present in limiting amounts in 
the translation assays, and that viral and host templates compete 
for available factor®. This observation is somewhat surprising, as 
the 5’-terminal cap sequence m’G*’pppXmp. .. is involved in 
the binding of mRNA to eIF-4B, and picornavirus RNA is not 
capped (see refs 7 and 8). It has been found that other nucleotide 
sequences outside the cap participate in this reaction’, but the 
presence of 5’-terminal m’G in mRNA promotes interaction 
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with eIF-4B and the initiation process”. Therefore, templates 
with a ‘capped’ 5’-terminal nucleotide bind to ribosomes more 
rapidly than their unmethylated counterparts’®’’. We have 
shown previously that eIF-4B interacts with the RNA of ence- 
phalomyocarditis (EMC) virus, a picornavirus, in a nitrocel- 
lulose filter binding assay”. It has also been shown that eIF-4B is 
required for in vitro translation of EMC virus RNA’. In the 
present report we have examined the basis for the competition 
between EMC virus RNA and acellular mRNA at the molecular 
level. EMC virus RNA binds to ribosomes at a rate similar to 
that of capped mRNAs, suggesting that features other than the 
5'-terminal m’G are responsible for the binding of this viral 
RNA. By measuring the relative affinity of globin mRNA and 
EMC virus RNA for eIF-4B, we have found that the viral RNA 
has a greater affinity for this initiation factor than globin mRNA. 
This high affinity for eIF-4B could explain the fast rate of 
initiation of the viral RNA and the shut-off of host cell protein 
synthesis after picornavirus infection. 

The rate of binding of EMC virus RNA to ribosomes was 
examined in cell-free systems prepared from HeLa cells and 
reticulocyte lysate'’. Labelled EMC virus RNA obtained from 
virions or from infected cells formed initiation complexes by 
binding to ribosomal subunits (Fig. 1). As was previously 
described”’’®, the cell extracts were incubated for 2 min with the 
inhibitor of elongation sparsomycin before addition of viral 
RNA. In the presence of sparsomycin, ribosomes were stuck to 
the initiation site of cellular mRNA. Therefore, the cellular 
mRNA was effectively blocked from reinitiating. This pro- 
cedure avoided competition between the trace amount of the 
highly radioactive viral RNA added and the larger amounts of 
cellular mRNA present in the extracts, and enabled us to 
measure the kinetics of binding of viral RNA to ribosomes 
without interference from competitor mRNA species (Fig. 2). 





Fractions 


Fig 1 Binding | of EMC RNA to HeLa cell ribosomes 
(@, cp.m.x107*). Labelled EMC virus was obtained from 
infected HeLa cells incubated with “H-uridine, and the viral RNA 
purified as described previously’. Cytoplasmic extracts were 
prepared from HeLa cells as described previously'*. Each incuba- 
tion contained in a final volume of 0.1 ml: 70 yl cell extract, 5 wl 
2 mM sparsomycin, 1 pg reticulocyte ribosomal RNA, 20 lof the 
energy mix for protein synthesis described previously‘ , amino 
acids at 0.05 mM, K OAc at 0.12 M and Mg(OAc), at 2.5 mM final 
concentrations. After 2 min incubation at 30°C, 5 p! EMC °H- 
RNA (20,000 c¢c.p.m.) were added for the time indicated. The 
incubations were terminated by adding 4 volumes ice-cold 
0.5 M NaCl, 30 mM Mg OAc; and 20 mM HEPES-KOH, pH 7.4, 
and applied to 15-30% sucrose gradients in the same buffer. After 
17h centrifugation at 23,000 r.p.m., the gradients were frac- 
tionated through a recording spectrophotometer. An identical 
A260 profile (solid line) was obtained for all gradients and is 
reported in the first panel only. The gradient fractions were coun- 
ted after addition of 9 mi Scintiverse (Fisher). In the left panel, the 
incubation has been terminated immediately after addition of the 
RNA and the EMC RNA is not bound to ribosomes. In the other 
panels, the binding of EMC RNA to ribosomes is shown by the 
appearance of a peak sedimenting faster than the unbound EMC 
RNA. To determine the amount of bound EMC RNA asa per cent 
of input RNA (Fig. 2), the areas of the peaks corresponding to free 
and bound EMC RNA were measured with a Du Pont 310 Curve 
Resolver. 
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Fig. 2 Rate of binding to ribosomes of EMC RNA and of other 
viral mRNAs, in HeLa cell extract (c ) and in a reticulocyte lysate 
(b). EMC. 7H RNA was obtained from virions (@) as described 
previously’, or from infected HeLa cells (W) according to Fernan- 
dez-Munoz and Lavi”, as follows: the cells were infected at room 
temperature as outlined previously : after 30 min, actinomycin D 
was added to a final concentration of Sugmi . After 90 min, 

5 uCi mf ~! 34) uridine were added end the incubation continued 
for 2 h. The cells were collected, washed and homogenised as 
described previously’? . The cell extract was made 0.5% in NP-40 
and 30 pgml in dextran suipha.e, centrifuged for S min to 
remove the nuclei, and adjusted to a final concentration of 20 mM 
EDTA and 1% sodium dodecylsulphate. The 355 EMC RNA was 
purified by three successive centrifugations on 15-30% sucrose 
gradients as described previously . The EMC RNA had a specific 
activity of about 200,000 ¢.p.m. per ag RNA. Other viral mRNAs 
were prepared as described previously for vesicular stomatitis virus 
polysomal mRNA’ (A), and for methylated (x Jand unmethylated 
(®) vaccinia mRNA’. The rate of Kinding of the different RNAs 
was measured as described in Fig. 1. The input of VSV mRNA was 
10,000 c.p.m. per incubation. The binding assays with vaccinia 

mRNA have previously seen described.’ 


To resolve EMC virus RNA bound to ribosomes from unbound 
viral RNA, reaction mixtures were centrifuged through sucrose 
gradients containing 0.5 M NaCl (Fig. 1). In these conditions, 
single ribosomes were dissociated, whereas initiation complexes 
were stable'®. Moreover, nonspecitic association of cytoplasmic 
proteins with EMC virus RNA was reduced, allowing a better 
separation of the RNA bound te ribosomes from unbound 
RNA". 

In a reaction kept at O°C most of the EMC virus RNA not 
bound to ribosomes sedimented at about 70S (Fig. 1). After 
1 min incubation, a peak sedimenc‘ing at about 10558 was seen, 
and after 2 min incubation this peax was approximately equal in 
height to the peak of unbound EMC virus mRNA. As these 
peaks were incompletely resolved. it was necessary to use a Du 
Pont curve resolver to calculate the percentage of input RNA 
bound to ribosomes (see Fig. 1). This difficulty in determining 
the percentage of RNA bound to ribosomes was only encoun- 
tered with the large picornavirus RNA. Binding of one ribosome 
to this RNA did not increase its sedimentation sufficiently to 
allow complete separation between bound and unbound RNA, 
as is the case with smaller mRNAs”, 

The rate of binding of EMC v rus RNA to ribosomes was 
similar to that of capped viral mRNAs obtained from cells 
infected with vesicular stomatitis virus {VSV} or transcribed in 
vitro from vaccinia virions". The rate of binding was linear for 
1 min and decreased thereafter; very little additional binding 
was observed after 2 min of incubztion (not shown). Unmethy!- 
ated vaccinia mRNA bound to reticulocyte ribosomes very 
slowly (Fig. 26), as previously reported''. This result was alse 
obtained in the HeLa cell-free sytem (not shown). The rate o 
binding of cellular histone mRNA was determined in separa’ 
experiments (L. A. Weber and C. B., unpublished observatior 
and was found to be similar to that of the viral mRNAs. Histe 
mRNA is also capped’. 
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These results indicate that the uncapped EMC virus RNA 
interacts with initiation factors and ribosomal subunits to form 
initiation complexes at a rate comparable to that of capped 
cellular and viral mRNAs. As the interaction of mRNAs with 
initiation factor e[F-4B may play an important part in deter- 
mining the rate of initiation, we measured the binding of viral 
RNA and globin mRNA to purified elF-4B. The relative affinity 
of an RNA for this factor was determined by competition- 
binding experiments (Table 1)’. Competition-binding is the 
most sensitive and accurate method for comparing the relative 
affinity of two mRNAs for a given initiation factor, and in the 
conditions used only high affinity interactions were measured. 
This was obtained by reacting elF-4B with labelled mRNA at 
low concentrations, such that only 25-30% of the input mRNA 
was bound (Table 1). Different unlabelled mRNAs were then 
added to determine their relative effect as competitors in the 
binding with eIF-4B. The validity of this assay was shown by 
experiments with globin mRNA (Table 1). The same pre- 
paration of globin mRNA purified by oligo(dT)-cellulose 
chromatography and gradient centrifugation’ was either 
labelled with '*°I or used unlabelled as a competitor. A 60% 
binding competition was observed after addition of a 2.9-fold 
excess of unlabelled mRNA. The increased concentration of 
mRNA in this reaction favoured its association with eIF-4B 
compared with the reaction containing unlabelled mRNA only, 
and consequently the apparent competition was less than the 
theoretical level expected. However, the important point shown 
by the experiments of Table 1 is that on a molar basis EMC virus 
RNA competed with labelled VSV and globin mRNA about 
10-fold and 100-fold more effectively than unlabelled globin 
mRNA. Even on a microgram basis, EMC virus RNA was more 
effective than globin mRNA in competing with labelled globin 
mRNA, as 0.06 ug EMC-RNA competed almost as effectively 
as 0.42 wg unlabelled globin mRNA. 

These findings provide direct evidence that eIF-4B was not 
bound randomly to RNA, in proportion to the total mass of 
nucleotides, but that the binding was occurring at specific site(s). 
Additional evidence for this specific interaction was obtained by 
using ribosomal RNA instead of mRNA as a competitor in the 
binding reactions and by directly determining the affinity of 
EMC virus RNA and globin mRNA for eIF-4B. Ribosomal 





Table 1 EMC virus RNA competition for binding of VSV mRNA and 
globin mRNA to purified reticulocyte initiation factor e[F-4B (IF-M3) 


mRNA bound 
Competitor (c.p.m.) Ya 
RNA ug pmol °H-VSV mRNA Competition 
None -l —- 3713 — 
Globin mRNA 0.25 1.1 2593 30 
EMC RNA 0.94 0.3 1612 57 
1257 globin 
mRNA 
None — a 4702 -— 
Giobin mRNA 0.42 1.8 1874 60 
EMC RNA 0.06 0.02 2241 52 





Incubations were carried out at 23°C for 5min in a 50 wl reaction 
mixture and contained 20 mM Tris-HCI, pH 7.4, 0.1M KCI, 1 mM 
dithiothreitol, 1.6 ug eIF-4B plus 14,620 c.p.m. *H-VSV mRNA 

3.6 pmol) or 0.2 pg eIF-4B plus 14,700 c.p.m. of 1257 -globin mRNA 

‘§2 pmol), and amounts of competing unlabelled globin mRNA or 

CRNA as indicated. Reactions were stopped by dilution to 3 ml 

‘sold buffer (20 mM Tris-HCl, pH 7.4, and 100mM KCl), and 

\-protein complex formation measured by collection of the 

‘on a nitrocellulose filter as previously reported’. Blanks of 

o for “H-VSV or 736 c.p.m. for '7°I-globin mRNA, represent- 

ən of radioactivity on the filter in the absence of added 

2 subtracted from each value. Globin mRNA was iodinated 

ide according to a modification? of the procedure of 

‘A molecular weight of 2.3 x 10° has been estimated for 
INA”. 


$ 
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Fig. 3 Binding affinity of EMC RNA (a) and globin mRNA (b) 
for initiation factor eIF-4B. The binding assays were carried out as 
described in Table 1, with 0.05 ug eIF-4B per assay and either 
EMC I RNA (specific activity 4x 10°c.p.m. wg) or globin 
1251 mRNA (specific activity 1.8 10° c.p.m. pg `). The recipro- 
cals of the bound RNA (1/B) compared with the input RNA (1/S) 
are shown. Concentrations are in pmol. The dissociation constant 
(Kp) is given by the intercept of the lines with the abscissa’. The 
Kp for EMC RNA is 1.43x107'° mol”! and that for globin 
mRNA is 1.08 107° mol 17'. 


RNA was found to be a poor competitor of the binding of 
mRNA to elF-4B as only 100-fold greater amounts of rRNA 
competed appreciably in the reaction (data not shown). The 
affinity of EMC virus mRNA and globin mRNA for elF-4B was 
determined by reacting a constant amount of initiation factor 
with decreasing amounts of RNA. The results are shown as a 
double-reciprocal plot in Fig. 3. The experimental points, and in 
particular those presumably measuring high affinity interactions 
at high RNA dilutions, fall on a line. This enabled us to measure 
the dissociation constants of complex formation by a graphic 
method (see legend to Fig. 3) and to establish that the affinity of 
EMC virus RNA for eIF-4B is approximately one order of 
magnitude higher than that of globin mRNA. 

The present study is the first report of a determination of 
binding constants (Kp) for mRNA/elIF-4B interaction. Note 
that these Kp values are averages and that no assumption has 
been made in their calculation regarding specific sequences 
involved, number of binding sites, or configurational properties 
of the RNA or protein. 

However, the significance of the binding of mRNA to eIF-4B 
cannot be functionally evaluated as with the presently available 
assays it is not possible to demonstrate that these complexes are 
biologically active. 

The high affinity of EMC virus RNA for eIF-4B is a property 
of the viral RNA, which most likely determines its rate of 
initiation in vitro and its ability to compete more successfully 
than capped mRNAs in vivo. An increased rate of initiation has 
been shown after enzymatic addition of an m’G”p cap to the 
uncapped RNA of satellite tobacco necrosis virus RNA‘*. 
Addition of a cap also increases the affinity of this viral RNA for 
eIF-4B°. Picornavirus RNA competes more sucessfully than not 
only host mRNA but also other capped viral RNAs, such as VSV 
mRNA. In cells infected with VSV and superinfected with 
poliovirus, host and VSV mRNAs are translated poorly 
compared with poliovirus RNA‘'’’*. In these conditions, 
synthesis of VSV mRNA continues, but this RNA does not 
associate with polysomes’*. Although other interpretations are 
possible, these observations could be explained by the high 
affinity of picornavirus RNA for elF-4B reported here. The 
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stuctural basis for this high affinity is not known. Picornavirus 
RNA has a rather unique structure with a protein covalently 
bound to the 5’-terminal nucleotide’? %. However, it seems 
unlikely that this protein plays a part in the interaction with 
eIF-4B and in the competition between picornavirus and host 
mRNA, as the viral mRNA synthesised in infected cells does not 
have a protein bound to the 5’-terminal nucleotide”? , Nucleo- 
tide sequences shared by virion RNA and by viral mRNA are 
presumably involved in the interaction with ¢IF-4B. 

Initiation factors are found bound to 40S ribosomal 
subunits”*, are released after formation of initiation complexes 
and recycle in order to function catalytically in initianion’*. The 
high affinity of picornavirus RNA for eJF-4B may interfere with 
the recycling of this factor. The viral RNA may form a more 
stable complex with e[F-4B and this may prevent the factor from 
functioning with host mRNAs. Golini et alf have proposed a 
similar explanation for their observation that addition of eIF-4B 
relieves the competition between EMC virus RNA and host 
mRNA for in vitro translation. The present study is consistent 
with this interpretation in that EMC virus RNA has a 
significantly higher binding affinity for eIF-4B than globin 
mRNA, a natural substrate for this initiation factor. However, 
binding of other initiation factors to EMC virus RNA has been 
reported’, and interaction with these other factors also plays an 
important part in the translation of this viral RNA”. Therefore, 
it remains to be established whether the high affinity of picor- 
navirus RNA for eIF-4B by itself accounts for the shut-off of 
host protein synthesis in virus-infected cells. 

We thank Dr W. C. Merrick for purified initiation factor 
elF-4B. This work was supported by NIH grants to C.B. and 
D.A.S., the Irma T. Hirsh] Charitable Trust of New York and 
also NIH Research Career Development Award to D.A.S. 


CORRADO BAGLIONI 
MARCELLA SIMILI 
Department of Biological Sciences, 
State University of New York at Albany, 
Albany, New York 12222 


| DAVID A. SHAFRITZ 
Department of Medicine and Cell Biology, 
Albert Einstein College of Medicine, 
Bronx, New York 10461 


Recerved 21 February, accepted 17 July 1978 


1 Bakrmore, D m Baschematry of Viernes (od Levy, H B) 101~176 Marce! Dekkor, Now 
York, 1969) 

8 & Koch,G J molec Biol 85, 195-211 (1974) 

Nous, D I, Opperman, H & Koch,G Proc nam Acad Sc: US A 72, 1258-1262 (1975) 

R E J Viei 14, 598-610 (1974) 

Abrou, 8 k Loces-Lenard, J J View! 18, 182~194 (1976) 

Acad. Sa USA 'T3, 3040-3044 (1976) 

Sbafntz, D ef af Nature 261, 291-294 (1976) 

Cell 9, 645-653 (1976) 

J iol Chem (m the proas) 

F Namre 262, 32-37 (1976) 

D , Num, D L & Baghom, C Prec mem Acad Sa USA 74, 


m O OD O d A a & wh 
Fars k 


ph pb 


12 Steebotm, T, Trachsel, H , Em B, Boschetn, A & Schreser, M H Proc 10 FEBS 


Acad Sar USA F4, 961-965 (1977) 
Nomoto, A, Loe, Y F & Wimmer, E Proc nam Acad Sa USA 73, 375-380 (1976) 
ie J, Rae, J K k Bahmnoro, D Prec maim Acad Scr US A T3, 3277-330 
197 
Fernandex-Mdunoz, R & Deroci, J BE J Vew 18, 719-726 (1976) 
Presoustem, C & Blobel, G , Proc sata Acad Sa USA 72, 3392-3396 (1975) 
Wie, D T & Seanth, H E Nases new Biel 242, 136-140 (1973) 
12, 4675-4678 (1973) 


243 








Does ultraviolet light enhance 
postreplication 
repair in mammalian cells? 


D’AMBROSIO AND SETLOW reported an apparent enhance- 
ment of postreplication repair in Chinese hamster V79 cells’ A 
first exposure of cells to ultraviolet (UV) hght was said to make it 
possible, after re-exposure to UV, for the cells to join the DNA 
together to form high molecular weight DNA more rapidly than 
if the cells had not been previously exposed. They irradiated 
cells with 2.5Jm™? of UV 2h before a second exposure to 
5.0J m°, and then pulse-labelled the cells with *H-thymidine 
before chasing for 1h. When analysed by alkaline sucrose 
gradient velocity sedimentation, the DNA of these cells showed 
a profile of radioactivity very different from that of cells irradi- 
ated only once with 5.0 J m~? before pulse-labelling and chas- 
ing. For cells irradiated twice the peak of labelled DNA was at a 
position corresponding to a higher molecular weight than the 
peak for cells irradiated once. I report here results confirming 
the data of D’Ambrosio and Setlow, but use of an alternative 
method of data presentation suggests that interpretations other 
than the one assumed by D’Ambrosio and Setlow are equally 
possible or maybe more likely. 

When Chinese hamster cells were irradiated with 2.5 J m`? 
and, 2 h later, with 5.0 J m7? of UV light and then pulse-chased, 
their *H-labelled DNA showed two peaks of radioactivity on 
alkaline sucrose gradient profiles plotted as percentage of total 
counts in each gradient (Fig. 1). One peak (fraction 18) was near 
the peak exhibited by the DNA of unirradiated cells receiving 
the same protocol, and the other was at a position of lower 
molecular weight (fraction 13). Cells treated with 7.5 J m°? and 
then pulse-chased showed a major *H-labelled DNA peak 
corresponding to a low molecular weight (fraction 8) and a broad 
shoulder extending into the position of the peak for cells irradi- 
ated with 2.5+5.0 Jm”. The °H-labelled DNA from cells 
treated with 5.0 J m~? peaked at the same fraction as the minor 
peak of cells irradiated with 2.5+5.0J m™? (fraction 13); a 
prominent shoulder at high molecular weight (fractions 15-18) 
was also present. The “H-labelled DNA from cells treated only 
with 2.5 J m”? exhibited an alkaline gradient profile which was 
intermediate between that of DNA from controls and DNA 
from cells treated with 2.5+5.0 J m™? (Fig. 1). These results 
confirm the data of D’Ambrosio and Setlow. 

D’Ambrosio and Setlow based their interpretation of the data 
on profiles plotted as percentage of total radioactivity in each 
gradient. When the same data are presented in a different form 
another interpretation is possible. Profiles plotted as total 
radioactivity per fixed number of cells (Fig. 2) demonstrate the 
inhibition of DNA synthesis caused by each treatment; this 
information is lacking in graphs plotted as percentage of total 
radioactivity in each gradient (Fig. 1). Figure 2 shows that the 
total radioactivity in fractions 18~21 from *H-labelled DNA of 
cells irradiated with 2.5+5.0 J m~? was only slightly higher than 
the radioactivity in the same fractions from the DNA of cells 
treated only with 7.5 J m~’, and lower than that in cells treated 
only with 5.0] m°. The profile from cells that received only 
2.5 J m~* shows the greatest amount of radioactivity in these 
fractions (except for control) but is still severely depressed from 
the control. When, as in Fig. 2, the data are plotted to show the 
large inhibitions of DNA synthesis that occur after UV irradia- 
tion, the significance of peaks that appear distinctive in Fig. 1 
becomes questionable. 

The data presentation in Fig. 2 also poses the question, 
whether the status of DNA replication in cells 2 h after 2.5 J m™? 
of UV is the same as in unirradiated cells? To answer this 
question, a similar experimental protocol was used but without a 
chase after the *H-thymidine pulse. When the *H-labelled DNA 
from these pulse-labelled cells was analysed on alkaline sucrose 
gradients (Fig. 3) their principal peaks were, as expected, at 
lower molecular weights than unirradiated cells. The °H- 
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labelled DNA from cells exposed to 2.5+5.0 J m” had a minor 
but significant peak corresponding to a molecular weight even 
higher than that of the main peak of control *H-labelled DNA. 
A very prominent minor peak at about the same point was also 
evident in the profile of *H-labelled DNA from cells exposed 
only to 2.5 J m™? at 2.5 h before the pulse with °H- -thymidine. 
The appearance of these peaks at high molecular weight is 
reproducible. 

Analysis of profiles of both pulse-labelled and E 
DNA leads to the following conclusions: 

(1) Cells exposed to 2.5 J m™ have not recovered from the 
damage in their DNA by 2.5 h after irradiation; the overall rate 


% of total counts in each gradient 





Fraction no. 


Fig. 1 Alkaline sucrose gradient profiles of `H-labelled nascent 
DNA from Chinese hamster cells. Chinese hamster V79 cells, 

‘maintained in this laboratory for several years, were grown in 
Falcon plastic Petri dishes in Eagle’s minimum essential medium 
(MEM) containing 15% fetal calf serum (Gibco). Exponentially 
growing cells incubated overnight in 0.01 pCi ml”! of '*c- thy- 
midine (57 Ci mol” t; Schwarz/ Mann) were washed twice with 
Puck's phosphate- buffered saline G^ and exposed to various 
fluences of UV light from a wae! germicidal lamp with an 
incident intensity of 1.3Jm_~ . After trradiation, MEM was 
placed back on the cultures for 30 min, after which it was replaced 
with MEM containing 20 pCi ml” * of *H-thymidine (4x 1077 M). 
After 10 min of incubation, the radioactive medium was removed. 
Fresh MEM containing 10°*M thymidine and 107° M deoxy- 
cytidine was added to the cells, which were incubated (chased) for 
1h before the reaction was stopped with ice-cold 0.15 M sodium 
chloride, 0.015 M sodium citrate (SSC). The cells were washed 
once with SSC, scraped into it, and a sample containing about 10° 
cells (in less than 0.5 ml) was irradiated with 1,000 rad of X rays to 
enhance lysis? and then added directly to 0.5 ml of lysis solution 
(0.5 M NaOH, 0.02 M EDTA, 0.1% NP40 [non-ionic detergent, 
Shell]) on top of 30 mi of preformed 5-20% alkaline sucrose 
gradients (0.1 M NaOH, 0.9 M NaCl, €.01 M EDTA). Lysis pro- 
ceeded in the dark at 25 °C for 30 min and the gradients were then 
centrifuged in an SW27 rotor (Beckman) at 27,000 r.p.m. for 3 hor 
at 12,000 r.p.m. for 15 h. This gradient system has been calibrated 
with phage A DNA and phage T, DNA as described*. About 25 
equal-weight fractions were collected, 100 wg of calf thymus DNA 
were added to each fraction, and all of the DNA was precipitated 
with ice-cold 6M HCI plus 6% sodium pyrophosphate. Each 
fraction was then filtered through GF/C filters (Whatman) 
presoaked with 4% HC104. The filters were washed sequentially 
with ice-cold 4% HCIO,, 70% alcohol, and 100% alcohol and 
dried; the “*C and °H on each filter were determined with a 
Packard liquid scintillation spectrometer. ©, Unirradiated cells; x, 
celis irradiated only with 2.5 J m k * at 2.5 h before pulse- labelling: 
A, cells irradiated with 2.5 Jm? at 2.5h before pulse-labelling 
and with 5.0 J:m~’ 0.5 h before pulse-labelling; @, cells irradiated 
only with 5.0Jm -2 at 0.5h before pulse-labelling; O, cells 
irradiated only with 7.5Jm ~2 at O.Sh before pulse-labelling. 
Sedimentation is from left to right. Note that the ordinate is 
percentage of total counts in each gradient. The majority of 
the ‘C-labelled parental DNA sedimented to the bottom of the 

gradient in all cases. 
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of DNA synthesis is still depressed by 25-50%. More 
importantly, the status of nascent DNA molecules in these cells 
is not the same as in controls; although the molecular weight of 
most nascent DNA molecules in treated cells is lower than in 
control cells, a significant number of them have a higher mole- 
cular weight (fractions 12—14, Fig. 3). 

(2) When cells are exposed to 2.5 J m~? of UV and then 2h 
later to 5.0 J m™*, 30 min after the second exposure (at the time 
of pulse-labelling), their nascent DNA molecules more closely 
resemble the nascent DNA in cells treated only with 5.0 J m`? 
than in cells treated only with 7.5 J m? (Fig. 3). The gradient 
profile of DNA from cells treated with 2.5+5.0J m™ also 
resembles that of DNA from cells treated only with 2.5 J m~’, in 
that a significant amount of nascent DNA has a much higher 
than average molecular weight after both treatments (peak at 
fraction 14, Fig. 3). These results imply that 2 h after cells have 
been exposed to 2.5 Jm? UV, many elongating DNA chains 
are still temporarily blocked but others have circumvented the 
lesions and extended to form molecules that are larger than 
average but still not of parental size. When the cells are 
subsequently exposed to 5.0] m™’, these intermediate-sized 
nascent DNA molecules remain as a source for further chain 
elongation. 

(3) When pulse-chase experiments are performed, the peaks 
at high molecular weight (fraction 18, Figs 1 and 2) in gradient 
profiles of DNA from cells treated with 2.5 and 5.0J m” 
probably represent (1) DNA molecules formed by the elongation 
of the intermediate molecular weight molecules (peak at frac- 
tion 14, Fig. 3) observed in pulse-labelled cells and (ii) DNA 
molecules formed by elongation of low molecular weight mole- 
cules (fraction 5, Fig. 3), as in cells exposed to 5.0 J m? alone. 
Elongation of intermediate molecular weight molecules 
accounts for the greater amounts of radioactivity at high mole- 
cular weight (fractions 18-21, Figs 1 and 2) in the DNA of cells 
treated with 2.5+5.0J m”? over the radioactivity in the same 
fractions in cells exposed only to 7.5 J m°. 

Thus, the effects of 5.0 J m? of UV light on DNA synthesis 
and on maturation of nascent Chinese hamster V79 DNA are 
different in cells that were irradiated 2 h earlier with 2.5 J m°? 
than in previously unirradiated cells, but these differences can be 
explained entirely by the damaging effects of the first exposure, 
which cause an abnormal distribution of sizes of nascent DNA 
molecules at the time of irradiation with 5.0Jm?. These 
considerations make it unnecessary to invoke the existence of an 


Fig.2 Same data as Fig. 1, except that the ordinate measures total 
counts per 10° cells. 
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Fig. 3 Alkaline sucrose gradient profiles of *H-labelled nascent 

DNA from Chinese hamster cells. Protocol and symbols the same 

as Fig. 1, except that the cells were pulse-labelled but not 

chased before analysis. The reaction was stopped by addition of 
ice-cold SSC. 


enhanced postreplication repair system to explain the altered 
pulse-chase profiles observed for the DNA of mammalian cells 
exposed to two irradiations of UV. 

I thank Barbara Young for carrying out these experiments 
and Drs M. Mattern and J. E. Cleaver for help in preparing the 
manuscript. This work was supported by the US Department of 
Energy. 
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Identification of the haem 
ligands of cytochrome 5,,, 
by X-ray and NMR methods 


X-RAY crystallography and nuclear magnetic resonance 
(NMR) are the two most powerful physical techniques for 
studying macromolecular structure. They are often used to 
complement one another in the study of a particular molecule. 
Crystallographic results have been of tremendous help in the 
NMR peak assignments which are subsequently used to obtain 
structural information in solution'*. We report the combined 
use of both X-ray crystallography and NMR to identify MET-7 
and HIS-106 as the two ligands of the haem iron of cytochrome 
bs62- 

Cytochrome bs. is a cytoplasmic component of Escherichia 
coli. It contains 110 amino acids of known sequence? and a 
non-covalently bound haem group*. The sequence is shown in 
Fig. 1. The molecule contains two histidines at positions 66 and 
106 and three methionines at positions 7, 35 and 61. The 
identity of the haem ligands was previously unknown, although 
spectral similarities to the b-type cytochromes and sequence 
homology to myoglobin suggested that they were histidine’. 
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Fig. 1 Amino acid sequence of cytochrome bse, (ref. 3). Haem 
ligands, MET-7 and HIS-106 are circled. The other histidine and 
two remaining methionine side chains are underlined. 


We have been studying the structure of cytochrome bse: 
using X-ray methods. The triclinic crystals contain two mole-. 
cules in a unit cell of dimensions: a = 33.71 A; b =50.48 A; 
c = 32.73 A; a = 102.76; B = 86.55; y = 106.70 (ref. 6). The 
two molecules are related by a non-crystallographic twofold 
axis nearly perpendicular to the $ axis’. We have obtained a 
single uranyl acetate derivative containing one major binding 
site and four minor sites per unit cell, An electron density map 
has been calculated at 2.5A resolution based on X-ray 
measurements including anomalous scattering from native and 
derivative crystals. Details of the data collection procedure, 
derivative preparation, heavy atom refinement and map cal- 
culation will be published elsewhere. | 

The map was averaged about the non-crystallographic two- 
fold axis and plotted on a mini-map at a scale of 1.0 cm AC 
The haem group was clearly seen and portions of the poly- 
peptide chain could be traced. However, the density merged at 
several points, making it difficult to trace the chain unam- 
biguously. The map was then transferred to a Richards box at a 
scale of 2cm A™ in order to build a Kendrew model into the 
density. l 

It was relatively easy to identify the ligand on one face of the 
haem group as HIS-106 and to fit its side chain and those of its 





Fig. 2 High field region of the 270 MHz ‘H-NMR spectrum of 
ferrocytochrome bs¢2 (0.2 m! 1.5 mM in D,O, nominal pH = 7.0, 
40°C). The spectrum was obtained in a Bruker 270 MHz spec- 
trometer. The solvent resonance was supressed'°-*" and 7,000 
transients were accumulated in a Nicolett 1180 computer. The 
sample was reduced with minimal amounts of crystalline sodium 
dithionite under argon. Dioxan was used as internal standard but 
all the chemical shifts are quoted in parts per million (p.p.m.) from 
2,2-dimethy!-2-silapentane-45-sulphonate. 
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immediate neighbours into the density. On the other face of the 
haem group, however, it was not possible to identify the side- 
chain ligand, and either histidine or methionine (or indeed 
some other side chain) could be placed in the density. 

We decided that an independent method was needed to 
confirm the fifth ligand and to identify the sixth ligand before 
the model building could proceed. NMR is a non-destructive 
method particularly suited for this type of study. A consider- 
able number of cytochromes in which the iron is ligated with 
either one histidine and one methionine® or two histidines?** 
have been characterised using NMR. The chemical shifts of the 
proton NMR spectrum of a methionine residue ligated to the 
low spin ferrous ion of a c type haem give a very characteristic 
pattern'*'*, These chemical shifts have been used to identify 
methionine as the sixth ligand of several cytochromes'*'*. The 
electron proton resonance (EPR) spectra!’ of cytochromes c, 
from Desulphovibrio sp. and the absence of such chemical shifts 
in the NMR spectra of the low spin ferrous form of these 
cytochromes’? prove that both the fifth and the sixth iron 
ligands are histidines. Similarly, the NMR spectra of low spin 
ferrocytochrome bs, which has two histidine ligands'*, do not 
show the typical features of a methionine residue bound to the 
haem iron’, 

Figure 2 shows the high field region of the high resolution 
proton NMR spectrum of reduced cytochrome bse2. The three 
protons intensity singlet at —2.98 p.p.m. is unequivocally 
assigned to the methyl group of a methionine coordinated to 
the haem iron'*’*. The one proton intensity resonances at 
— 1.46 p.p.m., —1.75 p.p.m., —2.48 p.p.m. and — 3.22 p.p.m. 
are assigned to the B- and y-methylene protons of this residue. 
The one proton intensity singlet at 0.11 p.p.m. is in the region 
expected for one of the protons of histidine residues bound to 
low spin haem iron'*'® and supports earlier evidence’ for the 
nature of the fifth ligand (HIS- 106). 

Once it was known that the second haem ligand was 
methionine, it was relatively easy to identify which of the three 
it was. Short sequences of polypeptide chain corresponding to 
each methionine and two residues cn either side were built. 
Each was tested in the density, and one sequence containing 
MET-7 fit the density much better than the others. The chain 
was then built into the density from MET-7 toward the N- 
terminus and forward to about residue 25. The conformation of 
the chain in this region consists of about four turns of æ -helix. 
Figure 3 shows the model of the haems MET-7 and HIS-106 
and their adjacent residues superimposed on the electron 

density map. 
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Fig.3 Stereo photographs showing 
the haem group and the two ligands 
with adjacent side chains. The 
sequence asp -met’-gin® is on the 
right side with gin® at the bottom. 
The sequence lys'®° -hist -gln iS 
on the left with lys'®° at the top. a, 
Skeletal model only; 6, skeletal 
model superimposed on the electron 
density. The MMS-X molecular 
graphics computer developed at 
Washington University was used to 
produce the photograph. This 
system was not yet available during 
the model building stages described 
in the text. 


The model of cytochrome bs., has been completed, but there 
are still regions of possible ambiguity in the interpretation. The 
electron density map is presently being refined by the method 
of molecular replacement*'. The results and complete structure 
will be reported elsewhere. 

Cytochrome bse2 is the first b-type cytochrome shown to 
contain both histidine and methionine as haem ligands. In 
contrast to cytochrome c the methionine occurs before histi- 
dine in sequence. However, cytochrome c; has c-type haems 
ligated by two histidines. These unusual situations suggest that 
a more accurate classification of cytochromes may be neces- 
sary. The redox potential of cytochromes with two axial histi- 
dine ligands is usually lower than that of cytochromes with one 
histidine and one methionine axial ligand'*. The redox poten- 
tial of cytochrome b, (Ej =20 mVY? is lower than that of 
cytochrome bse. (Eo =110mV)*. The completion of the 
cytochrome bse: structure should be important for a better 
understanding of the structural control of the redox potentials 
of cytochromes, and of their evolutionary relationship. 
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Dynamic model of globular 
protein conformations 
based on NMR studies in solution 


BASIC PANCREATIC TRYPSIN INHIBITOR (BPTI) is a small 
globular protein of molecular weight 6,500 (refs 1-17). It 
consists of one polypeptide chain with 58 amino acid residues, 
including three disulphide bonds and four phenylalanines and 
four tyrosines as the only aromatics'*. The crystal structure at 
1.5 A resolution has been extensively refined’’. In the 'H- and 
'3C.NMR (nuclear magnetic resonance) spectra, a large number 
of resolved resonance lines have been assigned to particular 
residues in the amino acid sequence**''°”'* and related to parti- 
cular aspects of the molecular conformation". Hence, NMR 
spectral similarities and differences between BPTI and related 
proteins can on the basis of these earlier studies be interpreted in 
terms of structural features in well defined locations of the 
protein molecule. We report here the use of NMR observations 
to describe the globular BPTI conformation in terms of a 
dynamic ensemble of rapidly interconverting molecular struc- 
tures. BPTI was a suitable compound for this study as its 
globular form is outstandingly stable in aqueous solution 
(Table 1)'°?°, leaving a large experimentally accessible range 
for studies of modified BPTI species with reduced stability. 
The chemically modified and homologous proteins used are 
characterised in the footnotes to Table 1. 

Using the extensively refined X-ray structure’? and the well 
resolved NMR spectra it has been demonstrated that the 
average molecular conformations of BPTI in crystal form and in 
solution are, with the exception of localised regions on the 
protein surface*'’, very similar'?''*'° and the structure type 


Table 1 Denaturation temperatures, amide proton exchange rates and intramolecular mobility of aromatic rings in BPTI and six related proteins 
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seen in BPTI crystals prevailed also in aqueous solutions ofall | 
the proteins in Table 1'°7'~**. In this study the information on 
the solution conformations obtainec from comparison with the 
crystal structure of BPTI was complemented by NMR 
measurements of the denaturation temperature, the amide pro- 
ton exchange rates with the solvent in D;O solution and the 
intramolecular mobility of the aromatic rings, The conclusions 
on the molecular dynamics are based largly on comparison of 
these features in the different structurally closely related pro- 
teins of Table 1. 3 3 

The denaturation temperatures {see Table 1} were deter- 
mined from the transition of the “H-NMR spectrum of the 
globular proteins to a random coil spectrum”. An additional 
important observation was that at the denaturation tempera- 
ture, the exchange between globular and denatured protein, was : 
slow on the NMR time scale’’. 

The amide proton exchange rates were obtained. for 
numerous individual protons by measurements of the decrease 
of the resonance intensities with time after dissolving the pro- 
teins in D20 (ref. 27). Approximate y 25 interior amide protons 
could readily be studied using this technique’. Table 1 shows 
rate constants for the most slowly exchanging amide proton in» 
the different proteins 77, 

High resolution 'H-NMR spectre provided an unambiguous 
criterion to determine rotational mations of the aromatic rings 
of phenylalanine and tyrosine about the Cy~C, single bond*”. In 
BPTI, three aromatic rings were found to undergo 180° flip” 
motions about the C.-C, bond” with frequencies of the order of 
50-1,500s' at 40° and activation energies AG” 
15 kcal mol'. One ring was immobilised over 
sible temperature range, with AG* = 20 kcal mi 
four rings were flipping too rapic 
tively’*’. In Table 1 the flipping motions fort 
are characterised for the different proteins... 

Three features of the data obtaired are wortł 

































are correlated with the thermal stability of the globular con- 
formation, that is, in proteins with lower denaturation tempera- 
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Denaturation? NH exchange? 

Protein* Tp CC) kex (min™') 
BPTI >95 2x107 
CTI 70 6x107 
HPI 60 5x107° 
R-BPTI 76 1x107* 
BPTI’ 88 5x10 
Des(A, R)BPTI >65 7x107 
TRAM-BPTI >95% = 


Mobility of aromatic rings$. < 


Phe 45 


he Ls eet hehe RAE AAA DASARI 


Tyr 35 4 : 
vis’) AG* (kcal mol’) J6) AG* (kcal mol') 
6 16.5 30 14.2 
~6  ~16.5 ~300 ~13.0 
6 16.5 150 13.3 
~6 ~16.5 30 14.2 
—| —| 60 13.9 
—| | 60 13.9 
6 16.5 30 


14.2 
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* BPTI, basic pancreatic trypsin inhibitor; HPI, isoinhibitor K from Helix pomatia *4. CTI, cow colostrum trypsiz inhibitor”>; R-BPTI, modified 


BPTI obtained by reduction of the disulphide bond 14-38, with the cysteinyl residues protected by carboxamidomethylation” } 


TI modifed BPTI 


w 





obtained by cleavage of the peptide bond Lys 15-Ala 16 (ref. 26); Des(A, R)BPTI, modified BPTI obtained by clzavage of the peptide bond Lys 
15~Ala 16 and removal of Ala 16 and Arg 17 (ref. 26); TRAM-BPTI, modified BPTI obtained by transamination of «he a-amino group of Arg 1 (ref. 


17). 


+ Tp, temperature at which at pD 5.0 equal concentrations of globular and denatured protein were observed. 
t kex, Rate constant for the most slowly exchanging amide proton at pD 4.5 and 36°C. 


$ v, Frequency at which the rings undergo 180° flips about the Cg—C, bond 


Tyr 35 were obtained at 27°, those for Phe 45 at 4 °C. 


ll In these proteins, the modifications are immediately adjacent to Tyr 35 


rapid exchange over the entire accessible temperature range. 


€ BPTI and TRAM-BPTI were compared in different conditions. In 1M guanidinium chloride solution.at pH 6.0, Tp was 78° i or BPTI and 68° for 
TRAM-BPTI. At pH 6.0 and 55°, kex was approximately eight times larger for TRAM-BPTI than for native BPTI, o 


0028-08 36/78/047 5-024790 1.00 


5.28 wear ee ` ` 
, AG*, activation energy for these rotational motions. The data for 


; as a consequence, the Tyr 35 spectrum corresponds to the situation of 
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ture the amide proton exchange is faster. (3) The rotational 
motions of the aromatic rings are not correlated with the thermal 
stability or the amide proton exchange, that is, for correspond- 
ing rings similar flip frequencies prevailed in the different pro- 
teins, unless the immediate ring environment was affected by 
the protein modification. These observations were used to 
characterise the globular solution conformations of the 
proteins studied. 

Earlier investigations of amide proton exchange in globular 
proteins have resulted in the suggestion that the exchange occurs 
by admixture of ‘open’ structures, O(H), to the ‘closed’ globular 
form of the molecules, C(H) (refs 29, 30). Depending on the 
relative rates for the closing of the protein, O(H) > C(H), and the 
acid/base catalysed exchange of exposed amide protons in the 
open forms O(H), the overall proton exchange rate kex may be 
governed either by an EX, or an EX, mechanism?*”. For BPTI, 
an EX, mechanism was indicated by the pH dependence of kex 
in the range 0.5~11.0. The correlation between denaturation 
temperature and amide proton exchange rates for the different 
proteins in Table 1 further implies that the equilibrium C(H)= 
O(H) involves global variations of the protein structure. This is 
also supported by the observation that, with few exceptions, the 
order of the relative exchange rates for the individual amide 
protons was the same in all the proteins studied'!?'7773, On 
the other hand, the lack of a correlation between the frequencies 
of the 180° flips of the aromatic rings and the denaturation 
‘temperature or the amide proton exchange rates shows that the 
open forms Q(H), which mediate the exchange of interior amide 
protons, cannot be in the same class as the thermally denatured 
proteins. This implies that the local environment of the aromatic 
rings in the closed form C(H) of the proteins is also essentially 
preserved in the open forms O(H). Independently, admixture 
among the open species O(H) of molecular structures cor- 
responding to the thermally denatured protein was excluded on 
the grounds that the transition from denatured to globular BPTI 
was slow on the NMR time scale” even at the denaturation 
temperature Tp (ref. 14), as a slow closing rate O(H)> C(H) 
would not be compatible with the observed kinetics of the amide 
proton exchange’. 

From the above considerations it seems that the ‘globular 
solution conformations’ of the proteins in Table 1, and probably 
proteins in general, are best described as dynamic ensembles of 
all the structural species C(H) and O(H) involved in the amide 
proton exchange, where the Boltzmann law favours population 
of species closely related to C(H) over the population of more 
extremely opened forms. The data suggest that previously 
quoted (refs 30, 32) near-equality in several cases of AG° 
between the closed and open protein structures involved in 
amide proton exchange, C(H) and O(H), and AG? between the 
globular conformation and the denatured protein is coinciden- 
tal. In the proteins of Table 1, structural species corresponding 
to the thermally denatured forms are excluded by a sizeable 
energy barrier from the rapid conformational equilibria which 
govern the exchange of interior labile protons. That the hydro- 
phobic pockets which enclose the aromatic rings in the proteins 
used are apparently preserved in the open structures O(H) is 
compatible with the assumption that the molecular fluctuations 
promoting the amide proton exchange consist primarily of 
intramolecular translational and rotational motions of intact 
hydrophobic domains relative to each other. Such fluctuations 
would primarily open the hydrogen bonded secondary struc- 
tures which link the different hydrophobic pockets'’. Indepen- 
dently, the mobility of the aromatic rings would be correlated 
with the internal structural flexibility of the individual hydro- 
phobic domains. Hydrophobic stability domains as evidenced 
here in one class of globular proteins might quite generally play 
an essential role in the architecture of protein molecules, a role 
which may so far have been assigned too one-sidedly to the 
- regular secondary structures adopted by the polypeptide back- 
bone”, In particular, the lack of correlation of the preservation 
of the hydrophobic pockets surrounding the aromatic rings with 
` the overall stability of the globular protein conformation 
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indicates that such hydrophobic domains might be formed at an 
early stage of polypeptide folding, possibly even as primary 
nucleation sites for the folding process. 

The observed correlation between amide proton exchange 
rates and denaturation temperature (Table 1) may in this model 
be rationalised by the assumption that the energy barrier AG* 
separating the globular conformation from the denatured forms 
of the protein can be overcome only by cooperative structural 
fluctuations resulting from overlap of different open structures 
O(H). With the increase of the population of states O(H) when 
approaching the denaturation temperature, the probability of 
such cooperative processes is greatly enhanced. The cooperative 
fluctuations would also cause destabilisation of the hydrophobic 
domains, thus causing a sharp transition to the denatured 
form. 

While a thorough comparison of our results with other studies 
of protein flexibility must be deferred to a subsequent, more 
detailed paper”®, it seems important to point out that the many- 
parameter characterisation of internal motions in globular pro- 
teins by high resolution NMR provides a considerably more 
detailed description of interior parts of the molecules than that 
implied, for example, by the terms ‘fluid-like’ or ‘continuous 
visco-elastic’” suggested in interpretations of theoretical model 
studies. | 
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“Two contiguous 
conformations in a nucleic acid duplex 


DNA CONFORMATIONS and properties depend on DNA 
sequence and on environmental conditions’. It has been 
suggested that specific regulatory sites on DNA might have 
unique secondary conformations’. Conformational transitions, 
and the propagation of these transitions along a DNA helix, 
have been proposed as mechanistic steps in RNA transcription® 
and DNA replication*” as well as having possible regulatory 
roles in these functions®. Whether two significantly different 
conformations can coexist ina DNA duplex, however, has been 
uncertain. The A and B structural forms of DNA differ greatly 
in base-pair tilt, base-pair positioning and sugar ring pucker’”. 
Most DNA duplexes are generally considered to adopt the B 
form in solution whereas RNA duplexes and DNA : RNA 
hybrids have only been found to adopt A forms””'’. We have 
synthesised a polynucleotide complex (Fig. 1) which has 
covalently linked DNA - DNA duplex and RNA - DNA hybrid 
tracts. NMR studies on this molecule demonstrate that the A 
and B conformations can coexist along a nucleic acid duplex and 
also that significant propagation of conformational transitions 
along DNA helices is unlikely. 





Fig. 1 A schematic diagram illustrating the coexistence of two 
different helical conformations in the dG,, - rC,,dC,, duplex. 


Synthesis of the block complex, dG,, > rC,,dCy., was achieved 
as follows. rC,, and dC,, were hydrolysed to oligonucleotides by 
partial alkaline’? and pancreatic DNase’* digestion, respec- 
tively. rC}; and dC, oligomers were isolated from the digests 
using reversed-phase ion-exchange chromatography (RPC-5)} 
(ref. 14). Alkaline phosphatase treatment removed the 3- 
terminal phosphate from rC,,; dCi. was acetylated at the 
terminal 3’-OH position using acetic anhydride’. rC,, and 
dC «OAc were mixed with dl, and T4 DNA ligase was used to 
covalently link the RNA and DNA oligomers'’. The product 


oligonucleotide, rC,,dC,,OAc, was isolated from both the dl, 


template and the unreacted rC,, and dC,,OAc substrates by 
RPC-5 chromatography at 65°C. Finally, rC,,dC,sOAc and 
dG, (Slow 3) were annealed to form Watson-Crick duplexes 
according to a previously published procedure’’, which also 
removed the acetyl group from the 3’'-OH terminus of the block 
oligonucleotide. Four milligrams of dG, < rC,,dCis were pre- 
pared for high resolution proton magnetic resonance studies. 
Physical, spectroscopic and biochemical determinations similar 
to those reported previously% t were used to characterise this 
nucleic acid (E.S. and R.D.W., in preparation). 

In Fig. 2 the resonances in the proton NMR spectrum of 
dG, -rC,,dC,,. are compared to control dG, -rC,. and 


dG,- dC: spectra. For dG, -rC22, the resonance from the. 


hydrogen-bonded G-N, proton is at 12.7 p.p.m. and the G-Hg 
and C-H, protons resonate at 7.2 and 7.8 p.p.m. respectively. 
The positions of all these resonances are similar to the analogous 
resonances for rG,- rC, (see Fig. 2 legend). X-ray diffraction 
studies on rG, rCźŹ and dG, -rC, (E.S., R.D.W., A.G.W. 
Leslie and S. Arnott, unpublished) in polynucleotide fibres 
indicate that these duplexes adopt only A conformations. 

For dG, -dCy», on the other hand, the G-N, proton 
resonance is at 12-98 p.p.m. and both G-Hg and C-H, protons 
resonate at 7-55 p.p.m. X-ray fibre diffraction indicates that 
dG, -dC,, can adopt either A or B conformations’. In the 
= conditions of high relative humidity usually extrapolated to 
solution studies, the B conformation is observed. The NMR 
spectrum of dG,,- dC. supports this extrapolation since the 


0028-08 36/78/0275—0249$01.00 





H : 
Pg Ra n 
ij E i : 
_ mA) as } j 
aon Peo} i 
og Ln 
i , Fi i 
i į K. i $ $ 
S i r ; $ 
1 y i A 
r 3 : VU d 
UR ; i f ` 
i “ . # a! 
ae Seb BRL 
? 4 i pi 
E .. RETR fi 
: ; : 4 ak poy 
TUGUN =s | ‘Vie 
f ; : yete T 
; a qg suas 
i A A Y. ere ppc: 
waht i ; ke Sw" k i sie coma 4$ 
g i 
p i HE! 
dG, dC P ok E ae 
n 22 / a l fii 1 
wey $ . te an ae Neb 
ai Mya T away ay P i 
14 13 i2 if 10 9 8 7 & 


ppm. 


Fig. 2 A comparison of the 300 MHz NMR spectrum of 
dG, -rCy,dCy, with the spectra of appropriate control samples. 
The assignments of the various resonances are indicated. Spectra 
were obtained using a Varian HR~3)0 spectrometer operated in 
the field sweep mode. The spectra shown were measured at 35°C 
except for dG, : rC22 which was measured at 22°C. The low field 
spectra (12-14 p.p.m.) for dG,» rC2» and for dG, rE dC, are 
at twice the gain of the spectra for the aromatic regions (6~ 
9p.p.m.). For dG, - dC22, the low field spectrum is at four times 
the gain of the aromatic region. NMR samples were prepared by 
dialysing against a dilute buffer solutien and then concentrating the 
sample 20-fold by rotary evaporation. The final buffer concen- 
tration was about 50 mM phosphate, 0.5 mM EDTA, pH 7.0. 2- 
3 mg of nucleic acid was present in the final volume of 0.12 ml. For 
rG, -rC, at room temperature, the resonance from the hydrogen- — 
bonded G-N, proton is at 12.6 p.p.m. whereas the G-Hg and C-H 
protons resonate at 7.27 and 7.95 p.p.m., respectively (D. Lerner, ~ 
unpublished). 





observed resonance positions for this complex are consistent 
with those calculated using ring current shift theory for stacked 
G- C base pairs in the B-DNA conformation ™™”. The assign- 
ment of A and B conformations in solution for dG,» rCz, and. 
dG,- dC, respectively, is in accordance: with other NMR- 
studies on oligonucleotides which show that ribonucleic a 
prefer A forms?'** whereas deoxyribonucleic acids prefer B 
forms’*”*, gee 

The proton NMR spectrum of dG, > rC,,dC,. shown in Fig. 2- 
is clearly a composite of the dG, > C2, and dG,, - dCaz spectra. 
The ratios of the resonance intensities at the various positions 
are consistent with the 14:4 6 hybrid to DNA duplex ratio of the. 
complex. The obvious conclusion from this spectrum is that the 
two ends of the block-complex adopt two different confor- 
mations. Apparently, the significant differences between the A 
conformation of the RNA - DNA hybrid end of the molecule 
and the B conformation of the DNA-DNA end can be 
accommodated so that the two structures coexist. within a single 
short oligonucleotide duplex. 

We recognise that the NMR spectrum presented in Pig. 2 for 
dG, - rC,,dCi. could be interpreted as an equilibrium mixture 
of duplexes totally in one conformation or the other, rather than. | 
two conformations (A and B) present in a single duplex. This is 4 
unlikely since: (1) RNA - DNA hybrids have never been found 
to adopt B conformations; (2) judging from the line widths, the 
rate of conversion between the two conformations in equili- 
brium would have to be extremely slow (less than 30s _'); (3) the 
equilibrium constant of the system would have to be accidentally 
very close to 11/16 and (4) when actinomycin D, which binds to 
DNA duplexes but not to DNA - RNA hybrids™ was added to 
the block polymer sample, resonances from 12.98 p.p.m. (B = 
form) were selectively shifted upfield to 11.9.p.p.m. with no 
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effect on the i intensity in the 12.7 p.p.m. (A form) peak (data not 
shown). This result is difficult to explain in terms of an equili- 
brium model. We feel these arguments amply justify our 
straightforward interpretation of the spectra. 

The peak positions of the spectra shown in Fig. 2 for the block 
polymer dG, - rC,,dCy. are indistinguishable from the spectra 
found with 3-component helix dG,, - (rCig+dCy,) (data not 
shown). Thus, any disruption of the nucleic acid helix of 
dG, : rC,,dC,.¢, which is created at the junction of the A and B 
conformations, is minimal as measured by proton NMR. 

X-ray diffraction and infrared dichroism studies have 
indicated that dG, - dC, helices show a greater disposition to 
adopt A conformations than DNAs having random base 
sequences'*”*. Nevertheless, the dG + dC end of dG, © rC,,dCi. 
maintains a B conformation despite the adjacent A confor- 
mation of the RNA - DNA hybrid. This finding provides clear 
evidence against significant propagation of secondary con- 
formations along DNA helices, and is consistent with earlier 
NMR studies on (dC,5dA,5)- (dT,5dG,5)"° and with investiga- 
tions of drug binding to DNA”. Propagation of these types of 
Structural transitions in linear DNA cannot, therefore, explain 
either long- “range genetic regulation such as seen in the 
arabinose operon” or some of the steps in DNA replication”. 

The presence of two conformations in a single duplex must 
necessitate some perturbation of the helix at the junction of the 
conformations. The peaks in the NMR spectrum of 
dG, > rC,,dCy. are not sufficiently resolved to provide detailed 
information concerning this point. Model building, however, 
shows that neighbouring A and B conformations in a nucleic 
acid duplex can result in a ‘bend’, that is, a change in the 
direction of the duplex helix axis, with a junction involving only 
one ‘base-pair (E.S., R.D.W., C. J. Alden and S. Arnott, manu- 
script in preparation), 

This study demonstrates that two quite different confor- 
mations can exist as neighbours on a DNA helix. Thus, 
sequence-specific conformational sites, possibly present at 
genomic regulatory regions, could exist if these sequences were 
approximately one turn of helix (10 base pairs) in length. Shorter 
conformationally unique sequences might also be allowed. 
Prime candidates for structurally unique sites on natural DNAs 
would be the dA : dT sequences found in several eukaryotes*'?, 
dA, ‘dT, has only been observed in the B’ conformation, a 
variant of the classical B-DNA structure, and never in an A 
form**. This behaviour may be relevant to the postulated role of 
dA - dT tracts in termination of RNA transcription™ since 
RNA : DNA hybrids are apparently limited to A confor- 
mations. Other candidates for conformationally unique sites in 


DNA include regulatory control regions, for example the lac 


operator has been implicated to be structurally unique’. These 
concepts have been recently reviewed’. 
This work was supported by the NSF and NIH. 
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Comparison of theory to experiment for 
DNA thermal denaturation 


THEORETICAL profiles of the thermal denaturation of random 
sequence DNA that were calculated by Frank-Kamenetskii and 
Vologodskii’ displayed a number of narrow subtransitions. In 
several ways these subtransitions resembled the thermalities 
observed experimentally i in derivative denaturation profiles”. 
Lyubchenko et al." extended their theoretical work to include 
the known sequence of ®X174 DNA and claim that not only 
the shape of prominent subtransitions, but also the number and 
denaturation temperatures are essentially the same for both. 
calculated and observed denaturation profiles. We suggest that 
the agreement between current theory and experiment is not as 
satisfactory as has been implied, and that at least. one critical 
parameter has been neglected in the theory and ignored in the 
discussions of Lyubchenko et al.’. 

Thermal denaturation profiles were calculated for the double- 
stranded DNA of ®X174, using the complete nucleotide 
sequence published by Sanger etal.’. These calculations utilised 
the Fixman and Freire’? modification of Poland’s method"', and 
assumed the generally acceptable values of parameters chosen 
by Lyubchenko et al.® for their calculations with the same DNA 
sequence. As expected, our theoretical results for the whole 
virus DNA closely parallel those of Lyubchenko er alt. 
However, we find that the theoretical denaturation profile of the 
Haplil, Y1 restriction fragment of ®X significantly departs from 
that published by Lyubchenko et ai.*, rendering the comparison 
of the calculated profile to the corresponding experimental data‘ 
notably less precise. We do not understand this discrepancy. 

The theoretical denaturation profiles for the whole virus 
DNA are illustrated in Fig. la and b, with values of the 
parameters Tar and Toe (the average melting temperatures of 
the A-T and G: C base pairs within a duplex polymer), cor- 
responding to 30 mM and 195 mM sodium ion concentrations, 
respectively. As noted in Fig. 1 legend, the parameters g, a, and 
U are identical to those of Lyubchenko et al.®; the values for Tar 
and Toc are based on the values of Lyubchenko et al.® (which 
correspond to 0.1 SSC or 19.5mM Na’), together with an 
extrapolation of 15.7°C/log [Na‘], which brings the midpoint of 
the theoretical and experimental profiles into maximum cor- 
respondence for this DNA.. 

Evidently, the main features of the theoretical profiles do not 
vary appreciably with salt concentration, except for the requisite 
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translation in temperature. Indeed, the small difference in shape 
between our theoretical profiles is largely removed if the varia- 
tion of the denaturation enthalpy with salt concentration’? is 
taken into account. As previously reported’*, the main features 
of the theoretical profiles are insensitive to moderate changes in 
the parameters e and Tec — Tar, and only small changes in the 
profile were demonstrable when different sequence termini 
were used to initiate the calculation. We have also subjected this 
DNA sequence to a 3% random substitution of base pairs to 
estimate the influence of possible errors in the sequence of 
Sanger et al.’; no visible change in the profile resulted. 
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Fig. 1 a, b, The theoretical helix-to-coil transition profiles of 
duplex ®X174 DNA. The parameters used for this calculation 
were ¢ = 5X107° (cooperativity factor), a = 3/2 (loop entropy 
exponent), and U = 8 kcal per mol base pair (transition enthalpy). 
The thermal derivative of the mass fraction in doil form (-d@/dT) 
is plotted in (a) for Tay = 328. 9K and Toc = 371.3 K, which 
should correspond to 30 mM Na’, and in (b) for Tay = 341.4 K 
and Toc = 383.8 K, which should correspond to 195 mM Na™ 

(SSC). c, d, Experimental high resolution thermal denaturation 
profiles of ®X174 RF HI DNA. The solution for {c) contains 
30 mM Na (29mMCI,1mM cacodylate, 10°*M EDTA, pH 7), 
and that for (d) contains 195 mM Na* (150mM C7, 15mM 
citrate, pH 7.2). The thermal derivative of the denatured mass 
fraction (~d6/dT) was calculated from the optical hyperchromicity 
at 270 nm using a 9-point least-squares cubic polynomial fitting 
routine’. Standard deviations and fitting routine distortions are 
approximately the size of the illustrated points. Since the repli- 
cative form (RF-I) of ®X174 cannot denature as a normal linear 
duplex because of its topological constraints, the initial DNA 
preparation was subjected to a single double-strand break per 
molecule using the endonuclease from Pseudomonas Bal-31 
{Altaromonas espejiana}. The repurified RF-HI molecules were 
then subjected to denaturation analysis. We assume that the break 
occurs randomly along the molecule, as is the case for supercoiled 

SV40 DNA (unpublished data). 















For a quantitative comparison of theory and experiment 
have collected high resolution thermal denaturation data 
double-stranded am3 ®X174 DNA in solutions conta 
30 mM and 195 mM sodium ions (F:g. 1c, d, respecti 
techniques and equipment used were previously deseribed 
These results were obtained in cond:tions that closely approx: 
mate equilibrium throughout the helix-to-coil transition ar 
should be directly comparable to the theoretical profiles of Figs 
la and b. 

Clearly, the thermalites of the two theoretical profiles bear no 
obvious systematic relationship to the experimental profiles. 
More importantly, the theory totall» fails to reflect the radical 

prad that occur in denaturation profiles upon vari the. . 
concentration of DNA counterion. In agreement with our pre 
vious studies’, the number and mear breadth of the thermalites 
composing our experimental profiles appear similar although 
the two profiles are obviously distinctive. We must also point out 
that the mean breadth of the reselvable thermalites in the 
experimental profiles is consistent with our previous measure- 
ments? but is significantly narrow2r than the subtransition 
breadths published by Wada et al.* for two ®X174 restriction 
fragments. This difference probably arises because of our highe er: 
thermal resolution®’. A similar examination of compon 
breadth could not be ‘made on the cat bchenko ef ¢ 
whose experimental resolution 
However, there is a distinct similar 
experimental profiles and our 30 m 
experimental results in 0.1SSC (mo 
agreement, although our resolution « 
and minima where inflections appear: 
etal.®. Further, their 74-75 °C comp 
than the corresponding region in ow 
a bacterial DNA contamination m 

It must be concluded that our ur 
DNA thermal denaturation is i 
what modifications of the theory nee: 
sequence information as done by * 
sequence doublets as proposed by Ber 
precision of the calculation, but is not li 
theoretical revision necessary to ac 
dependence of the denaturation profile: 
Indeed, the latter observation may be 
electrostatic determinant differential: 
cooperative sequences, as we have pr 
the mechanism underlying this effe 
described, it is clear that the theory EDN A deng 
be considered inadequate. F 
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The Q-statistic and 
the diversity of floras 


LAMONT ET AL.’ accept in principal the 
Q-, or quartile, statistic for floral diver- 
sity, combining both equitability and spe- 
cies richness, that we proposed?” and 
defined as 
Oz Ss 
log. R.~log. R: 


where $ is the total number of species in 
the sample. We selected the 25% (R,) and 
75% (R2) quantiles, the quartiles, and 
evaluated the characteristic slope 
of the cumulative species abundance 
curve over this range because, from our 
experience of insect catches’, a consider- 
able proportion of the species may be 
represented by singletons. We would 
expect this quartile statistic to be less 
affected by sample size than that based on 
the 10% and 90% quantiles proposed by 
Lamont et al.'. However, we are more 
- concerned about their justification for the 
statistic and the results thereby obtained. 

Although their characteristic slope, like 
the Q-statistic, may be equated with the 
reciprocal of the slope of the rank-abun- 
dance plot (Fig. 1), standard regression 
methods are not applicable in the way 
Lamont et al. suggest. Because successive 
points are very highly correlated, samp- 
ling errors will be considerably under- 
estimated, and the method breaks down 
for discrete data, like those quoted for 
Malaysian rain forest*, in which a large 
proportion of species are represented by 
one or two individuals. Our own tech- 
nique is to fit a stabilising model to the 
species frequency distribution, rather than 
to the rank-abundance plot, by weighted 
least squares’. The statistic may then be 
derived from the parameters of the model 
(for the log-normal Q = 0.371 S/o and for 
the log-series Q = a) and this method will 
be highly efficient and applicable for both 
continuous and discrete data. 

Lamont et al.’s failure to fit a model’, in 
particular the log-normal, seems to dis- 
courage them. However, comparison of 
our Fig. 1 with theirs suggests that the 
fault lies, not in the models but in their 
» fitting procedures. In spite of the floral 
richness of their site the abundance 
distribution does not seem unusual. 
Further, their curve-fitting tests, based on 
comparison of the residual sums of 
squares with the percentage points of a y” 
distribution (their Table 1), are inap- 
propriate because the size of these resi- 
duals will depend on the scaling used. 
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Using the more appropriate techniques 
now available in the MLP program® we 
have fitted the log-normal and gamma’? 
models (the simpler log-series being 
unsuitable for continuous data') to the 
heathland data they produced. The fit of 
both models is good, the gamma slightly 
the better of the two (Table 1), and, while 
the two models predict different numbers 
for the rarest and commonest species, the 
Q-statistics for the midrange species are 
similar and close to the empirical value 
obtained by evaluating the quartiles R, 
and R, directly from the sample values 


(Table 2). 


Lamont et al.’ state that the diversity 
of their heathland sample is “as high if 
not higher than those for the most 
diverse communities previously recorded, 
including the richest of tropical rain- 
forests”. But, when all the diversity 
indices are evaluated for the data quoted 
by Lamont et al. for Malaysian tropical 
rain forest'*, they are found to be consis- 
tently higher than those for Western 
Australian heathland by a factor of 
between two and three (Table 2). 








Table 1 Fit of log-normal and gamma models 
to species frequency data from the Western- 
Australian heathland site 





Importance No. species No. expected 
value class observed log-normal gamma 


<0.05 14 10.0 17.9 
0.05 ~0.1 8 12.2 9.1 
0.1 —0.2 20 20.0 13.5 
0.2 —0.5 35 36.5 27.0 
0.5-1.0 23 29.8 28.2 
1.0—2.0 30 25.8 S21 
2.0~5.0 30 eet 337 
5.0— 10.0 10 8.8 9:3 
> 10.0 p 6.2 1.1 
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Parameter estimates: 
log-normal (x6 = 11.7, P> 0.05) 
pw = ~0.53, o = 1.57 
Gamma (x6 = 8.2, P> 0.05) 
m=1.51,k =0.60 
The chi-squared goodness of fit test relies 


on the assumption that number of species 
observed in each class is a Poisson variable. 


eae ena 
Table 2 Values of indices of diversity for Malaysian rain forest and Western Australian 





heathland 
Tropical Heathland 
rain site Ratio 
forest Western forest/ 
Index Formula Malaya* Australia’ heath 
| 1 
Simpson's (inverse) e ME 84.2 32.7 2.57 
2a pi 
Shannon-Wiener 3 . 
(exponent) exp( -È pi log p) 149.1 69.4 2.15 
38 
ovement 104.6 38.2 2.74 
log (R2/R;) 
Q-statistic log-normal 105.9 40.6 2.61 
gamma 105.6 38.6 2.74 
log-series (a) 114.2 28.0* 
or S 
Whittaker’s oe EE IE, 77.1 28.3 PAE. 
4((Q, (log pi — log p)"/S)} 
S 
log-cycle nen ame 80.7 21.2 3.81 
log pı ~ log ps (24.4)t (8.31) 





All indices given by Lamont et al. are included with the exception of Gleason’s index 
whose value is directly related to population density. S is the total no. of species in the sample, p; 
the relative frequency of the ith most frequently occurring species, log p= © log p;)/S, R; and 
R, the quartiles of the frequency distribution. The logarithms are taken to base e. The 
Q-statistic is derived directly from the data and from the parameters of three fitted models. 

* The log-series diversity index æ is not directly comparable with other indices for the 
heathland site as it is calculated from the species numerical abundances not their IVI 


importance values. 


+ Bracketed figures are obtained by omitting single rarest species. This operation has a 


negligible effect on other indices. 
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Fig. 1 Importance value index plotted 
against species sequence for 172 species from 
Western Australian heathland site’. 
i Continuous and broken curves are for fitted 
10 à log-normal and gamma distributions respec- 
N tively. 
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LAMONT ET AL REPLY—Use of the 
best-fit (‘characteristic’) slope of the 
importance-value curve as a measure of 
diversity has intuitive appeal. The prob- 
lem in species rich samples, bowever, is 
that nonlinear models generally fit the 
data better than linear ones. In view of 
this, use of the variance might prove an 
acceptable alternative. We maintain that 
both these measures are indices of even- 
ness atid not of total diversity, such as 
Shannon’s which confounds both even- 
ness and richness (Fig. 1). 

Comparison of our heathland data 
against results for Preston’s classic curve- 
fitting procedure for the log-normal dis- 
tribution’”, using the y° test favoured by 
Kempton and Taylor’, confirms our pre- 
vious conclusion of their dissimilarity‘. 
Using the more recently devised methods 


Fig. 1 The relationship between evenness 
and total diversity: one community (for 
example representing a McArthur distribu- 
tion) has half the slope (twice the evenness in 
terms of number of species per unit 
importance), but only half the number of 
species (half the richness) as the other (for 
example representing a log-series distribu- 
tion). Only when these figures are multiplied 
do we have an indication of total drversity—in 
thts case they should be the same. 


O02 S--0836/7 8027 5—0253$01 00 


particularily in the dominant-species 
region (a limitation of the variance 
approach to evenness) it is desirable to 
compare the log-normal curve against the 
observed curve. In our original paper‘, the 
scaling was fixed so the y“ values for the 
fitted curves gave some indication of their 
relative goodness of fit, but the 
significance levels should be ignored. 
We relied, however, on the more 
appropriate one-sample, Kolmogorov— 
Smirnov test*. The observed and expected 
importances for the log-normal fit by 
Kempton and Taylor above were 
significantly different at the 0.1% level, 


Index of importance (log) 


; Species sequence 
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and for the gam ma fit at the 5% level. The 
latter is worse than the log-series, but 
better than the (linear) exponential‘. 

We agree with Kempton and Taylor 
that the gamma index (S/a2) is the best 
variance measure of evenness, even 
though it does not fit all data and is not 
synonymous with the best fit slope. It 
should not be confused with the quartile 
index which is an inferior slope measure’. 
The exponentml curve remains the best 
measure of slope, though removal of the 
dominant specces is sometimes required to 
meet the reqmirements of the Kolmo- 
gorov—-Smimo-~ test, with minimal change 
in slope. We now consider removal of up 
to 10% from each tail (our original 
characteristic slope‘), let alone 25% 
(quartile), is unwarranted. 

We made it clear* that William’s index, 
based only o2 number of individuals 
(largely a function of life form), for the 
Malaysian raim forest was much higher 
than for the Western Australian heath- 
land. We are tierefore not surprised that 
data we considered of little relevance to 
community diversity (except in providing 
species richnets/number of individuals), 
and incompatible with ours, continues to 
show a higher diversity when expressed in 
terms of othe- indices. In addition, we 
point out that the rain forest site was not 
physiographicelly uniform’, it is difficult 
to identify communities in this rain forest 
anyway’, the method of survey ensured 
high evenness specimens had to be tall 
trees exceeding 30 cm in diameter but no 
reference was made to their size, and the 
sample was nearly 450 times the area of 
ours and 20 t mes its height. Had small 
plants been included and more acceptable 
measures of importance been used it is 
Certain that the vast increase in range of 
values would have greatly reduced even- 
ness. Such inclasions would no doubt have 
increased the slope of the species-area 
curve of the rain forest above that 
of the heattland, but the extensive 
experience o7 one of us in related 
Dipterocarp rein forests indicates that ten 
50 m? samples which contained 150 spe- 
cies, let alome 172, would be most 
unlikely. 


BYRON B. LAMONT 
SUSAN DOWNES 
JOHN E. D. Fox 
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Bentley, Western Australia 6102 
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Renewable energy 
sources and storage 


| 

LEICESTER, NEWMAN AND WRIGHT’ 
claim to have invalidated Ryle’s? hypo- 
thesis that windpower could make a 
substantial and economical contribution 
to Britain’s electricity supply, once short- 
term (150-h) thermal storage is provided 
at places of end-use. The counter- 
argument of Leicester et al.' seems to be 
based on two principal observations. (1) 
Plots of average heat demand against 
mean windpower output, which show that 
the standard deviation of windpower 
output is large and decreases only slowly 
with storage capacity. And (2), their 
“extreme example” for which the mean 
wind energy available over the period 1 
February—31 March 1975 was about 54% 
of the long-term average wind energy. 
Unfortunately, neither of these obser- 
vations provides a test of Ryle’s hypo- 
thesis. 

Observation (1) confirms the well- 
known fact that windpower is very 
variable. However, since the probability 
distribution of windpower is highly 
skewed in general, it is not particularly 
useful to quote standard deviations. More 
importantly, the scatter diagrams do not 
necessarily provide useful information on 
the crucial problem of storage content. 
The proposition by Leicester et al. that 
their interpretation of Ryle’s thesis 
implies that the points in their Fig. 26 
shouid be grouped around the straight line 
through the origin of slope unity, is false. 
The grouping is sufficient but not neces- 
sary. Because windpower is proportional 
to the cube of windspeed, the store can be 
filled quickly but will be emptied slowly. 

A simple example brings out this 
inadequacy of the scatter diagrams. If the 
daily output is constant at 1 unit, which 
seems to be a reasonable first approxima- 
tion to the data presented, then 11 days’ 
successive input of į unit followed by a 
day with an input of 6 units keeps the store 
non-empty at all times, given that it was 
initially full. Yet the running 6-day 
average inputs are } for half the time and 
1} for the rest, giving a wide scatter. 

In contrast to their scatter diagram (Fig. 
2) which is not helpful, quantitative 
information on windpower reliability is 
obtained from plots of power availability 
or capacity factor expressed as a function 
of storage capacity’. 

Observation (2) merely reiterates the 
well-recognised point that windpower 
plus short-term storage alone cannot 
satisfy power demand with a probability of 
unity. However, Ryle? does not assume 
that there are no conventional sources of 
power feeding the grid. We suggest that 
some of the real questions of quantitative 
significance raised by Ryle’s work are as 
follows. First, what is the probability of 
low-wind periods of a given length? 
Second, how much conventional (that ts, 
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non-renewable) baseload, intermediate 
load and peakload capacity must be 
retained in a grid fed by windpower to 
ensure that low-wind periods can be 
covered with a probability close to unity? 
Third, what are the additional economic 
costs and benefits of such a hybrid grid? 
For example, the costs of extra start-ups of 
conventional power plants during low 
wind periods and the losses of unutilised 
windpower when storages are full; the 
benefit in replacing new or retired fossil- 
fuel and nuclear plants with windpower or 
other renewable sources of energy; fuel- 
saving benefits when de-controlled as well 
as controlled prices are considered for 
fossil fuels. Finally, by how much are the 
answers to the second and third questions 
changed when a more flexible method of 
load switching and pricing is introduced? 
Such an automatic rationing system is 
technically feasible and could mean that 
instead of freezing over the period 
7-16 February 1975, CEGB all-electric 
householders would have experienced 
simply a fall in home temperatures of (say) 
5°C over the longer period 2-16 Febru- 
ary. For the case of central or substation 
storage, we have found that a user strategy 
in which part of the windpower output 
contributes to the immediate demand and 
part is proportional to the fraction of 
energy in storage, yields a substantial 
increase in the availability of windpower, 
compared with the strategy of simply 
following demand (M.D. and K. Malafant, 
in preparation). 

Leicester ef ai.’ do not attempt to 
modify user demand, nor consider prob- 
abilities of extreme events, nor hybrid 
systems, nor economics of any kind. Their 
interpretation of their scatter diagrams is 
based on a false proposition. It is, there- 
fore, difficult to understand the basis of 
their assertion that Ryle is “probably 
incorrect” on relative economics and that 
“sufficient work has already been done to 
demonstrate that 150-h storage is quite 
inadequate to smooth the output of wind 
generators”. 

We thank Jef Wood, Sue Carpenter 
and Brian Martin for helpful discussions. 
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LEICESTER ET AL. REPLY—Since our 

earlier work we have extended our analy- 

sis to determine the amount of storage 

that would have been needed to match 

heating demand to windpower output 

throughout the period 1 October 1974 to 

31 March 1975, assuming an energy 
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balance over the period as a whole. We 
have done this by calculating and then 
adding together the maximum cumulative 
surplus and deficit of windpower output 
relative to heating consumption over the 6 
months. The storage requirement turns 
out to be 1,124 h, thus substantiating our 
contention that 150-h storage is quite 
insufficient. 
We have also calculated the normalised 
averages of heating demand and wind- 
power output for 1,124-h periods within 
the 6 months and find that the former 
extend from 0.9 to 1.04 and the latter 
from 0.4 to 1.73. The standard deviation 
of the heating demand is now 0.028 and 
that of the wind energy is 0.394, which are 
about half the values with 150-h storage. 
Although these results support Diesen- 
dorf and Westcott’s argument that zero 
scatter is not a necessary condition of 
sufficiency of storage, they do show that 
with sufficient storage the scatter is very 
much smaller than for 150-h storage as 
shown in our Fig. 2b. 
Diesendorf and Westcott raise a 
number of other questions which, we 
agree, are relevant in a wider context. 
However, there is clearly a difference in 
view between us on what Ryle has pro- 
posed. Our understanding of his concept is 
that, he contends that, by controlling the 
electrical input to storage for space heat- 
ing and hot water supply by remote 
switching in accordance with the avail- 
ability of windpower output, the heating 
demand can be fully and reliably satisfied 
without recourse to supplies from other 
generating plant. We believe that our 
analysis shows conclusively that 150-h 
storage is not sufficient to support Ryle’s 
contention, but this does not mean that 
the use of storage with renewable energy 
sources is unimportant. Indeed, while it 
was not the purpose of our article to do 
more than examine the storage prop- 
osition as formulated by Ryle, we are 
nevertheless continuing to study the 
question of integrating large amounts of 
windpower into the CEGB's system and 
this will include consideration of questions 
(1), (2) and (3) posed by Diesendorf and 
Westcott. 
With regard to their fourth question, a 
policy of selective rationing of electricity 
for heating is not feasible since consumers 
could not be denied freedom to resort to 
electrical supplementary heating at times 
of storage deficiency in cold spells. Such 
use would inevitably occur and the 
consequent peak load on the supply 
system could be close to what it would 
have been without windpower generation 
with the result that the latter would have 
minimal firm capacity. 
R. J. LEICESTER 
V. G. NEWMAN 
J. K. WRIGHT 

Planning Department, 

CEGB Land House, 

Newgate St, 

London EC!, UK 
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Understanding speciation 


Modes of Speciation. By M. J. D. 
White. Pp.455. (Freeman: Reading, 
1978.) £18.50. 


SPECIATION involves the splitting of a 
single evolutionary lineage into two or 
more genetically independent ones. 
This process of cladogenesis is one of 
the twin axes of organic evolution, the 
other being the process of anagenesis 
which involves the phyletic change of 
an evolutionary lineage through geo- 
logical time. In the Origin of Species 
by Means of Natural Selection (1859) 
Charles Darwin dealt with both of these 
fundamental processes, although per- 
haps understandably at’ that time he 
was more concerned with ‘incontrovert- 
ably establishing anagenesis (“descent 
with modifications”) than wath discuss- 
ing the mechanisms of cladogenesis 
(“the origin of species’). Nevertheless 
in chapter four a few short passages 
reveal that he considered both disrup- 
tive selection to fit distinct niches and 
geographic isolation on islands as im- 
portant mechanisms of evolutionary 
divergence. In fact Alfred Russell 
Wallace (1901) considered the process 
of speciation more closely. 

The ‘Neo-Darwinian Synthesis’ of 
evolutionary theory was made some 
thirty years ago and continued to em- 
phasise phyletic change However, 
geograptical isolation was now con- 
sidered to be of prime importance in 
speciation and by some as a necessary 
pre-condition. Consequently, nearly all 
books on evolution devote only a chap- 
ter or 80 to cladogenesis This remains 
so in the recent stimulating text 
Evolution by Dobzhansky, Ayala, Steb- 
bins and Valentine (1977), and Verne 
Grant’s thoughtfully integrated Or- 
ganismic Evolution (1977) devotes one 
of eight major sections to speciation. 
Ernst Mayr gives the topic major pro- 
minence in his Populations, Species and 
Evolution (1970), but this book con- 
siders only animals and like its parent 
volume Animal Species and Evolution 
(1963) vigorously favours geographical 
isolation Grant’s Plant Speciation 
(1971) is the only book to deal specifi- 
cally with cladogenesis, but as the 
title indicates it is restricted to plants. 

Against this background Michael 
White has decided to produce a ‘‘com- 
parative study of speciation in relation 
to the population structure and genetic 


architecture of living organisms”. He 
deals with both animals and plants and 
considers a wide range of possible 
modes of speciation. This book may 
thus be considered as the first compre- 
hensive ¢treatmem of the origin of 
species. 

It is also a most timely publication. 
There has been an accumulation of 
pertinent studies over the past twenty 
years, the most striking discovery being 
the considerable level of genetic varia- 
tion revealed by gel electrophoresis of 
proteins. And there have also been 
substantial advances in the less well 
publicised fields of chromosome varia- 
tion and behavioural isolation. Some of 
these investigations have raised nagging 
doubts as to whether an extended 
period of geographical isolation is a 
necessary. prerequisite for the produc- 
tion of genetic isolation and speciation. 
This growing concern can be sensed in 
the later texts referred to above and in 
a number of recent papers and reviews. 
As White himself recognises, “the time 
therefore seems ripe for a reconsidera- 
tion of the whole question of the 
mechanisms of speciation . . . It is 
probable that a number of modes of 
speciation exist, and that the simple 
antithesis of allopatric and sympatric 
modes is a false one, since most of 
these involve a geographic component 
of some kind”. À 

White admits in the preface that 
“the organisation of the book pre- 
sented some major difficulties. Many 
controversial topics could have been 
discussed equally well in any of several 
chapters”. Nevertheless, the structure 
which he has chosen to deal with this 
immense subject proves a successful 
vehicle to convey his message. Further- 
more, the book is very readable, use- 
fully illustrated and well produced. It 
contains seventy-six pages of references 
alone and though most of them are 
recent, it provides a valuable link with 
the older literature. 

Chapter one is a lively introduction; 
in it he is at pains to convince doubters 
that species and speciation are identi- 
fiable concepts and worthy of study. 
This leads to a consideration of isolat- 
ing mechanisms, the genetic processes 
involved in evolution and the type of 
data required for a full study of each 
case of speciation. He is unhappy with 
previous classifications of models of 


reviews 
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speciation anc proposes seven models 
that span the range from pure allopatry 
to pure sympatry. These models are 
then dealt wita in detail in later chap- 
ters, as are polyploidy and partheno- 
genesis. 

Before this 2xposition the stage is set 
by a chapter on the genic structure of 
species and a chapter on chromosomal 
differences between species. The former 
provides a balanced and pertinent 
account of the mushrooming data on 
electrophoretically detected allelic dif- 
ferences and the questions raised by 
this. Perhaps the most important con- 
clusion is that related species may differ 
very little in their allozymic constitu- 
tion. The massive chapter on chromo- 
somal differences is reminiscent of the 
author’s encyclopaedic work Animal 
Cytology and Evolution (1973). With 
such a vast array of information 
at his command the initial head- 
ing of sections certainly aids the 
reader, and it is a pity that this is dis- 
continued after the section on Droso- 
phila It is hs expressed intention to 
advocate a much larger role for 
chromosomal rearrangements in speci- 
ation than in earlier texts and he 
certainly hammers home the portentous 
fact that very few, if any, closely. re- 
lated species are chromosomally iden- 
tical From this he concludes that these 
chromosome changes cause speciation, 
but does not present fully an argument 
to justify this Nevertheless, the associ- 
ation of chrcmosomal! difference with 
speciation requires an explanation. 

The allopa-ric models of speciation 
in which genetic isolation is acquired 
under complete geographical isolation 
are examined in chapter four. Several 
clear cases ars discussed and a number 
previously claimed as examples are 
critically reassessed. These necessarily 
include the Galapagos Islands, the 
Hawaian Drosophilidae, the land snails 
of the Society Islands and Carribean 
and the species flocks of ancient lakes, 
as well as lesser known work in frogs, 
locusts and lemmings. Character dis- 
placement and reinforcement of 
species-isolating mechanisms are briefly 
treated at the end of the chapter; these 
contested subjects are perhaps worthy 
of more fundamental consideration. 

Clinal and area-effect models are 
considered next. These propose the seg- 
Tregation of distinct species out of 
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geographical races that are spatially 
continuous. The thrust of this chapter 
depends firstly on Bryan Clarke’s 
(1968) model for which there is sug- 
gestive evidence and secondly on the 
reinforcement of hybrid zones over 
which White is perhaps prematurely 
enthusiastic. However, these models are 
as yet relatively under-explored, and 
he is right to promote interest in them. 
The chromosomal modes of speci- 
ation are considered seriously in the 
sixth chapter to account for the wide- 
spread occurrence of karyotypic dif- 
ferences between sister species. Harlan 
Lewis’ pioneer work with Clarkia 
argues powerfully for saltational speci- 
ation as a form of microallopatry in- 
volving hybrid chromosomal sterility, 
and the bulk of the chapter describes 
cases that White considers to support 
his own stasipatric model. This latter is 
essentially a clinal model driven by 
hybrid chromosomal sterility. Some 
authors will possibly be surprised to 
find their data so interpreted, particu- 
larly when they themselves have in- 
voked geographical isolation. Both this 
chapter and the last are concerned 
with what Murray (1972) has called 
parapatric speciation and further in- 
vestigation will clarify our concepts. 
The chapter on sympatric models of 
speciation is well written and the con- 
cepts are readily grasped. This is a 
result in part at least of the resurgence 
of interest in the early 1960’s through 
studies such as those of Maynard-Smith 
and Thoday and Gibson on disruptive 
selection. The strength of the case rests 
with the evidence from host-specific 
insects, particularly that of Bush (1974) 
on Rhagoletis. White makes a good 
argument for sympatric speciation on 
small oceanic islands with many species 
and also for allochronic speciation. 
Following a neat review of speciation 
by polyploidy. White considers it to be 
fairly insignificant in most organisms, 
excepting certain groups of plants such 
as ferns and grasses where it may per- 
haps have inhibited speciation by other 
methods. | 
Chapter nine extends the species con- 
cept to include isolation by asexual 
reproduction and we are treated to an 
exposition of one of White’s pet sub- 
jects. He demonstrates the hybrid 
origin of many thelytokous species, but 
one wonders if heterosis of the hybrid 
is absolutely necessary to explain their 
origin. In the invertebrates at least 
thelytoky is a sporadic development 
and he emphasises that though much 
has been written about the vast agamic 
complexes in plants there are very few 
of these. His consideration of the cur- 
rently engaging question, “What bio- 
logical use is sex?” is not complete but 
certainly points the way, and he ad- 
vocates examination of the genetic 
architecture of thelytokous species and 


their bisexual relatives as presently 
more necessary than model building. 

I found the last chapter (Conclu- 
sions) the most enjoyable. It contains 
all sorts of evidence, concepts, ideas 
and questions that arise from the pre- 
ceding survey. One might argue that 
some of the points on behaviour, sex, 
hybridisation and reinforcement should 
have been considered before the 
models, but one must break into the 
cycle of scientific enquiry somewhere 
and this approach is certainly realistic 
and stimulating. 

A comprehensive study of speciation 


Automated 


chess 
The Machine Plays Chess. By A. G. 
Bell. Pp. 114. (Pergamon: Oxford, 


New York and Sydney. 1978.) Hard- 
back £5; paperback £3. 


Ir is one of the rarer pleasures of a 
book reviewer to receive a text which 
both entertains and informs him simul- 
taneously. This book was the source of 
one such pleasure. 

The text commences with an excel- 
lent commentary on the principal 
stages in the historical development of 
chess automation, going back through 
the pre-electronic “paper machines” of 
the early twentieth century. the ideas 
of Babbage and Turing. and the 
famous “Turk” pseudo-automaton of 
the eighteenth century. 

The main part of the book deals 
with the situation in recent years, and 


Neural mechanisms 
of memory 


Elements of the Behavioural Code. By 
Francis V. DeFeudis and P.A.F. De- 
Feudis. Pp.397. (Academic; New York, 
London and San Francisco, 1977.) £15: 
$29.35. 

WHAT progress is being made toward 
the understanding of neural mech- 
anisms of memory in terms of 
biochemical and anatomical changes 
in the brain? This seems to be the 
overall problem set by DeFeudis and 
DeFeudis. Their main effort in this 
book has been devoted to surveying 
changes observed in the nervous 
system as a consequence of exposing 
experimental animals to enriched or 
improvished environments, or giving 
them training, or using physiological 
and/or pharmacological techniques to 
alter the functional load imposed on 
the nervous system. Proceeding gene- 
rally from broader to finer effects, 
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requires the use of a wide range of 
biological studies. This text will no 
doubt provoke specialists in many 
areas, but there are so few people 
capable of giving us such a fine pros- 
pect. This personal view should be 
read by every serious biologist, for 
Michael White has succeeded in pro- 
ducing a most readable, comprehensive 
and stimulating thrust towards under- 
standing speciation—-may it bear fruit. 


Godfrey M. Hewitt is Reader in Genetics 
at the School of Biological Sciences, Uni- 
versity of East Anglia, Norwich, UK. 


succeeds admirably in communicating 
an insight into the ‘thought processes’ 
of computer programs (and their 
authors). The selection of example 
games clearly shows the super-human 
capabilities of the computer in tactical 
calculation, and with equal clarity 
exposes the perpetual undercurrent of 
planlessness which is the trademark of 
all automata. A sensible appendix 
supplements the main text with a 
simple explanation of the special 
techniques used in move selection and 
evaluation. 

This is a book which can be recom- 
mended as almost essential for those 
interested in machine intelligence, 
would be entertaining for chessplayers 
of all standards, and provides an excel- 
lent introduction for those with 
experience of neither. 

N. J. Holloway 


N. J. Holloway is Lecturer at the Astron- 
omy Centre, University of Sussex, UK. 


the authors describe changes found in 
the gross anatomy of the nervous 
system, in cellular and subcellular mor- 
phology. in neural macromolecules, 
in energy metabolism, and in presumed 
neurotransmitters and some other 
small molecules. This survey is based 
on an impressive list of over 1800 
references, about three-fifths of them 
from the 1970s and including many 
citations from 1976 when the manu- 
script was completed. Following the 
89-page reference list are a 29-page 
subject index and a 25-page author 
index. The selection and compilation 
of this material and rendering it 
accessible through the detailed indexes 
are sure to be of great help to investi- 
gators and advanced students in all 
the disciplines that are contributing 
to the study of the biology of memory. 

Given the magnitude of the task, it 
is understandable that DeFeudis and 
DeFeudis have been somewhat less 
successful in describing and interpret- 
ing the varied and rapidly accumu- 
lating material of this field than they 
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ASA 


Monograph 


Sex and Age as Principles of Social Differentiation 


edited by J. S. La Fontaine 
September/October 1978, viii + 188pp., £6.20/ $12.75 0.12.433050.9 


This book presents a collection of papers designed to focus attention on a neglected topic: the nature of ascriptive roles. Two 
of the most common ways of establishing social differentiation are by age and by sex, and although the two principles have 


- usually been discussed separately, they are similar since each is a cultural transformation of a natural process of human 


physiology — ageing, and reproduction. Very often, too, the principles are found in conjunction, and the relationship between 
the sexes may depend on the existence of a ritualised distinction between mature and immature. 


Developmental Dysphasia 


edited by Maria A. Wyke | 
September/October 1978, xii + 180pp, £7.80/ $16.15  0.12.766950.7 


Developmental dysphasia has attracted considerable attention fora number of i 

veic ; , years. The problem has engaged the interest of 
scientists from very different fields, and many attempts have been made to unravel the essential nature kre disability. Fora 
tong time the deficits of children with developmental dysphasia had been merely observed and recorded, but lately there has 
been an increasing number of investigations which have viewed developmental dysphasia in the light of more rigorous 


oomen procedures. This book present an up to date account of the work carried out in the field of developmental 
ysphasia. 


Adverse Response to Intravenous Drugs 


edited by J. Watkins and A. Milford Ward 
September/October 1978, x + 188pp., £8.20/ $17.00 0.12.737850.2* 


in spite of its numerous advantages to the clinician, the intravenous route for drug administration presents certain difficulties 
of adverse response, with implications in many areas of medicine, notably in anaesthetics and blood plasma-substitute 
technology. For the most part the reactions are histaminoid or anaphylactoid, but it is clear that genetic, physiological and 
psychological factors also play a part in generating the ad verse response. The precise nature of this response is, however, far 
from clear, and this book will help to throw light on the issue. Most of the papers in this volume were first presented at a 
Symposium held at Sheffield University Medical School in June 1977. 


[Published in New York by Grune & Stratton Inc. 1SBN _0.8080.1098.1] 


Inorganic Polymers 


N. H. Ray 
September/October 1978, xii + 174pp., £8.40/ $17.35 0.12.583550.7 


There is a need to develop new inorganic materials to supplement and replace synthetic organic polymers which are derived 
from the deminishing fossil carbon resources of the earth. With this in mind, this book provides a comprehensive survey of 
inorgan ic polymers from the viewpoint of a materials scientist, with particular emphasis on their structures and properties and 
the relationships between the two. In doing so it brings together data froma variety of sources not often consulted by polymer 
scientists, such as mineralogy, glass technology and synthetic chemistry. _ | i 


ISAM °77 


Proceedings of the Second International Symposium of Ambulatory Monitoring 
edited by F. D. Stott, E. B. Raftery, P. Sleight and L. Goulding 
September/October 1978, xvili + 332pp., £10.50/ $21.75 0.12.672350.8 


Ambulatory monitoring deals with the collection and analysis of physiological data from subjects who are free to carry out 
normal activities, whilst the data is being recorded. In principle, it is not a new technique; electro-cardiographic monitoring, 
using portable equipment, has been employed for nearly twenty years as a tool in clinical cardiology and for research. At the 
first symposium, ISAM '75, this was the major field of interest represented, but ambulatory monitoring of blood pressure was 
aliso an important topic. Both these fields are well represented again in this, the 2nd Symposium, but in addition other varied 
applications in electro-encephalography and in physical rehabilitation medicine have increased in importance. 


Language, Thought and Culture: Advances in the Study of Cognition 


Th 


Lineal Destiny Among the Luo © 


e Cultural Definition of Political Response 
David Parkin | E 


‘September/October 1978, xxii + 348pp., £14.80/ $30.65 0.12.545650.6 


- Cultural change is not just a straightforward response to external pressures: the cultu re itself, as a powerful and autonomous 


: system of ideas, plays a large part in shaping people’s internal adaptation to new circumstances. Recent far-reaching changes 


— educational expansion, increasing wage dependency, population growth and urban unemployment — have all had their 
impact on the populations of Africa, but underlying cultural differences have persisted throughout. It would be misleading, 


therefore, to think of ethnicity as a mere ‘false consciousness’, without any bearing on the destiny of a people. The Luo of 


Kenya, who are the main subject of this investigation into the nature of cultural change and its semantic aspects, are no 
exception to the rule. | 
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The Environmental History of the Near and 
Middle East 


Since the Last Ice Age 


edited by William C. Brice 
September/October 1978, xx + 364pp., £16.00/ $33.15 0.12.133850.9 


The landscapes between the Mediterranean and the Valley of the Indus have undergone many alterations since the climax of 
the last ice Age, some 20,000 years ago: lakes have filled and dried out, rivers have shifted their courses and deserts created, 
forests have receded and advanced. These changes, which manifestly affected the inhabitants and meir ways of life, are of 
particular historical moment as they coincided with crucial early experiments in the arts of agriculture and domestication, of 
irrigation, architecture, metallurgy, commerce, and the building of cities. This is a collection of recent observations on the 
nature and extent of these changes of environment, by scholars from eight countries and several cisciplines. 


Action, Gesture and Symbol: 


The Emergence of Language 


edited by Andrew Lock 
October/November 1978, xiv + 588pp., £22.00/ $45.50 0.12.454050.3 


How does a child move from the early, pre-speech types of communication to a fully-developed wse of langu 
collection of essays puts the challenge: is there a developmental continuity between preverba: and: 
communication; is the latter predicated on the former? The book suggests that the infant's early interact 
milieu lays the foundation for language, and pursues this view in five sections, each exploring a particuh 
Theoretical problems regarding the continuity of communicative systems are posed, and the evolutions 
mother-infant interaction, and the transition from gesture into language symbols are explored. Finally, the. 
processes in the creation of linguistic abilities is considered. 


The Endocrine Hypothalamus 


edited by S. L. Jeffcoate and J. S. M. Hutchinson 
October/November 1978, xviii + 546pp., £23.00/ $47.50 0.12.382150.9 


Recent research on the hypothalamus has led to several important endocrinal discoveries and redefinitions, particularly 
concerning the chemistry and functions of the hormonal peptides. This book is a much-needed, balancad criti ofthe 
subject, written by an international panel of authors, all of whom are actively engaged in their particuler subje I 
of the text deals with general aspects of the endocrine hypothalamus; anatomy, hormones, methocs of investigatic 
control mechanism. This is followed by more detailed chapters on the separate hypophysiotrophic functions: control of 
thyroid-stimulating hormone, reprogrowth hormone, prolactin, corticotrophin and melanocyte-stimulating hormone. 


The Prehistory and Palaeogeography of the 
Great Indian Desert 


Bridget Alichin, Andrew Goudie and Karunakara Hegde 
March 1978, xx + 370pp., £25.00/ $48.90 0.12.050450.2 


This is a study of the relationship between Stone Age cultures and changing environments in the indias sub-continent during 
the latter part of the Pleistocene and Early Holocene. The authors have sought evidence of past climates differing substantially 
from that of the present time, and evidence of the presence of man noting in particular where the two were associated. Their 
field work in the desert and dry zone on its southeastern margins and in the Indus Valley showed that fluctuations in the extent 
of the Thar or Great Indian Desert and in the intensity of arid conditions in the region had provided a framework for 
environmental change. : 
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The Systematics Association Special Volume No. 10 


Modern Approaches to the Taxonomy of Red and 
Brown Algae 


Proceedings of an International Symposium held at the Polytechnic of North Lendon 


edited by D. E. G. Irvine and J. H. Price 
September/October 1978, xii + 486pp., £26.20/ $54.25 0.12.374050.9 


The red and brown algae-mainly multi-cellular marine benthic organisms — offer challenging problems to the taxonomist. 
They are often difficult to study in the laboratory; comparatively simple in structure; often highly ‘plastic in form. The papers in 
this book present the proceedings of an international Symposium which was organised to bring togetner workers on widely 
different aspects of the red and brown algae; to evaluate the taxonomic potential of new data emerging ‘rom their researches: 
and to encourage interdisciplinary approaches. The papers provide a valuable contribution to algal taxonomy in themselves, 
while also indicating promising lines for future taxonomic research. 
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New and Forthcoming Books 


Hes TA-YOU WU FESTSCHRIFT: The Science of 
atter 

Edited in honour of Professor Ta-You Wu by Shigeji 
Fujita 

A number of distinguished scientists, including three 
Nobel Prize winners, join here to dedicate their 
papers, to Professor Ta-You Wu, one of the found- 
ing fathers of modern physics, on his seventieth 
birthday. The papers include some original works, 
published here for the first time. 
348pp 1978 0 677 13650 1 £30.60 





HANDBOOK OF ASTRONOMY, ASTROPHYSICS 
-AND GEOPHYSICS 
Volume 1 The Earth 1: The Upper Atmosphere, 
lonosphere and Magnetosphere 

Edited by Charlotte W. Gordon, V. Canuto and 
W. fan Axford 

This important reference handbook is designed to 
bring together the foundations of knowledge in the 


field. 
420pp 1978 O 677 04240 X £35.00 


PLASMA ASTROPHYSICS: Nonthermal Processes 
in Diffuse Magnetized Plasmas 
Edited by D. B. Melrose 


Volume 1: THE EMISSION, ABSORBTION AND 
TRANSFER OF WAVES IN PLASMAS 

This volume has been written primarily for graduate 
students in plasma astrophysics and for astrophysicists 
and geophysicists who wish to learn relevant plasma 
physics. Plasma theory is developed in a systematic 
way from first principles, and should be useful as 
a text for introductory plasma courses. 

Approx 240pp 1978 0 677 023405 Approx £16.70 


Volume 2: ASTROPHYSICAL APPLICATIONS 
This companion volume to Volume 1 is intended as 
a reference, and includes astrophysical applications 
and source of the more advanced plasma theory. 
The presentation of the basic theory and especially 
of the astrophysical applications has been chosen 
to minimize the problem of outdating in such a 
rapidly developing field. 

Approx 342pp 1979 0677027305 Approx £22.70 


A PERSPECTIVE OF PHYSICS Volume 2 
Introduced and edited by Sir Rudolf Peierls 

Following the highly-acclaimed first volume of this 
annual serial publication, Sir Rudolf Peierls, F.R.S., 
considers in this volume the advances in modern 
physics for the year 1977. 

296pp 1978 O 677 12400 7 £16.70 


To obtain further information on these books, please 
use Nature’s Reader Enquiry Service. Books may 
be ordered through your local bookseller, or in cases 
of difficulty direct from: 

Gordon and Breach Science Publishers 

41/42 William IV Street, London WC2N 4DE. 

One Park Avenue, New York NY10016. 
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Programs of the Brain 


J. Z. Young 


Our lives are governed by sets of programs written 
in our genes and brains. Practical programs for 


breathing, eating, drinking, and sleeping; social 


ones regulating our speaking, agreeing, loving, or 
hating; programs concerned with sexual activity 


and mating, with growth and adolescence, with 


senescence and dying; and programs used for 
mental activities such as thinking, imagining, 
dreaming, believing, and worshipping. J. Z. Young's 
fascinating new book explores the whole range of 
human capacities and activities and how the brain 
works in influencing them. £5.95 28 September 


Man and the Stars 
Hanbury Brown 


Why do we look at the stars? They have been a 
source of wonder and delight to man since 

primitive times, but does the study of stars have any 
use? The author sets out to show that it does, that 
astronomy has always been relevant to practical 
matters, and that the results are important, and 
familiar to us all. Illustrated £5.95 


Flowering Plants of the World 
Edited by V. H. Heywood 


The flowering plants, or angiosperms, are the 
dominant group of plants on earth today, occupying 
a place in the plant world comparable to that held 
by mammals in the animal kingdom. There are at 
least 250,000 species of flowering plants grouped 
into between 250 and 350 families, and this book 
describes and illustrates in full colour the great 
majority of these families. The specially 
commissioned colour plates are beautiful as well 
as scientifically accurate, and the text is by a panel 
of internationally recognized authorities. 
Illustrated £7.95 


Reconciling Man with the 
Environment 


Lord Ashby 


How should governments make the political 
decisions that are necessary to protect the 


| environment? Lord Ashby traces the political 


process between the disclosure of a hazard to the 
environment and the action to remedy it, and the 
slow evolution of the public conscience from 
indifference to concern. £4.25 
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-were in compiling the references. The 
text itself is rather brief in relation 


to the apparatus of references and 


indexes; 248 pages of text, tables and 
figures could hardly be expected to 
describe the references cited, let alone 
discuss them to any degree of 
thoroughness. Many important studies 
are given only a few sentences, 
whereas others are mentioned in a 
phrase or are lumped with other 
related papers in an overall characteris- 
ation. There is not much critical 
discussion of experiments or conclu- 
sions offered by investigators, although 
the authors occasionally point out 
discrepancies among reports and 
suggest some factors that complicate 
research and interpretation. 

The title and prologue of the book 
may set up too high expectations by 
‘indicating that “. . . a theory for the 
‘Behavioral Code’ is provided . . .” 
Probably the emphasis should be 
placed on the word “elements”, and 
perhaps “ingredients” would have been 
a more appropriate term. Table 80 lists 
as “Elements of the Behavioral Code” 
items as diverse as environmental 
stimulation, initiation of nerve impulses 
and transmitter release, effects on rates 
of synthesis of cyclic nucleotides, 
changes in synaptic efficiency, and 


changes in learning, memory, and 
adaptive behaviour. Elsewhere in the 
book we are told that both short- 
term and long-term memory are 
elements and that “. . . neurotransmit- 
ter suspects [that is, presumed neuro- 
transmitters} are integral elements of 
the Behavioral Code.” 

Apparently, although no definition 
is given, the Code when completed 
will include all of the events and 
processes that must intervene between 
initial capture of sensory information 
and storage of memory. Even the 
retrieval of memories should be 
included, although this book reflects 
most of the work in the field by not 
even mentioning retrieval, DeFeudis 
and DeFeudis believe, as do many 
workers in this field, 


processes rather than depending upon 
some one key process. Their book is 
a substantial contribution towards 
the eventual formulation of a compre- 
hensive theory of the neural mecha- 
nisms of learning and memory. 

Mark R. Rosenzweig 


meme 


Mark R. Rosenzweig is Professor of Psy- 
chology at the University of California at 
Berkeley. 





Vertebrate 
visual system 
physiology 


Handbook of Sensory Physiology. 
Vol. VII/5: The Visual System in 
Vertebrates. Edited by F. Crescitelli. 
(Springer: Berlin, Heidelberg and New 
York, 1978.) DM 340; $149.60 


THis volume contains contributions by 
Crescitelli, Dvorak, Eder, Granda, 
Hamasaki, Holmberg, Hughes, Locket, 
McFarland, Meyer, Muntz, Munz, 
Olson and Reyer. The subject matter 
is concerned with the morphology, 


optics, pigments, physiology and 
adaptive radiation of the eye in 
different vertebrate classes. The 


chapters are comfortably short; most 
are under one hundred pages in 
length. 

This volume is both necessary and 
important as a supplement to the earlier 
volumes in the Handbook. It is a 
necessary text for those libraries which 
deal with visual science, whether in 
its medical, biological cr behavioural 
aspects, and is important in providing 
a source-book which is reasonably 
comprehensive and broad in outlook. 
It is occasionally suggested that large 
texts are on the verge of extinction 


because of the rate of publication of 
new papers, and because they can be 
compendious rather than critical. The 
latter comment applies only in part 
to this volume, where a few sections 
might have been sign-posted better, 
and where the literature might have 
been treated more sceptically. Most 
research workers in vision could find 
flaws and omissions where their 
speciality has been touched on, yet 
would surely benefit from and be 
stimulated by the breadth and scope 
of this book. 

Although it is probably unfair to 
pick out single contributions for com- 
ment, for all the chapters are of high 
quality, I was particularly fascinated 
by the treatment given by Hughes to 
comparative optics. This chapter shows 
how much more there is to retinal 
organisation in mammals than the 
cat, and iş essentially a modern 
critical essay in the spirit of Gordon 
Walls. 

I applaud this book, and hope that 
despite its price, it will be widely 
appreciated by students and research 
workers interested in vision. 

A. L. Holden 


A. L. Helden 


is at the Institute of 
Ophthalmology, 
UK. 


University of London, 


that storage of 
memory requires a complex series of 


Spectroscopic 
techniques 


The Spectrum in Chemistry. By J. E. 
Crooks. Pp. 313. (Academic : London, 
New York and San Francisco, 1978). 
Hardback £12.60; paperback £6.50. 





e amaeana 


Tunis is a straightforward textbook on 


spectroscopic techniques which are used 
in modern chemistry. All regions of the 
electromagnetic spectrum are covered, 
and the book is stronger than most of 
its rivals in the areas of X-ray spec- 
troscopy, of photoelectron spectroscopy 
and of dispersion and dichroism asso- 
ciated with optically active materiais: 
Indeed, chapter 9, which introduces 
optical activity through helices rather 
than asymmetrically substituted carbon 
atoms, is especially clear and a sufi- 
cient reason to recommend the wor 
to undergraduate science libraries. 
whole is well balanced and should be 
sufficient in depth for most British. 
undergraduate courses. Thus, selection — 
rules are briefly covered where appro- 
priate but transition moments are not 
introduced. It ts stronger on the general 
ideas and on spectroscopy in its own 
right than it is on quantum theory or 
on applications to organic or inorganic 
chemistry. 

The author uses SI units, which is al 
attraction, although one wishes he did. 
not so often remind the reader by 
attaching the units to the symbol for 
the physical quantity. For example, fol- 
lowing equation (1.3), into which 
numerical values can be inserted using 
any set of coherent units, he adds :— 
“k is Boltzmann’s constant in J KOY. 
J K` may prove convenient units but | 
they are not essential and & stands’ for 
Boltzmann’s constant in any units. 
The book has some 20 questions with ` 
answers. It also has its share of- 
blemishes and errors, but these are 
mostly misprints or details which are 
wrong and do not detract from the | 
qualitative message; 
more important to the practitioner 
than an average student. 

It is interesting that, as far as the 
reviewer can discover, Dr Crooks’ per- 
sonal research interests have been in 
rapid reactions and in solute transfer 
with emulsions, so that he is not an 
established expert in spectroscopy. 
There is much argument as to whether 
experts or others are to be preferred. as 
undergraduate textbook writers: this 
book shows the demerit of the inexpert 
with its occasional errors, but also 
shows the merit of clarity and balance 
to be sought from ‘an outsider’. 

D. H. Whiffen 





D. H. Whiffen is Professor of Physical 
Chemistry at the University af Newcastle- 
upon-Tyne, UK. 
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Extranuclear 
genetics 


Extranuciear Genetics. By G. Beale 
and J. Knowles. Pp. 142. (Edward 
Arnold: London, 1978.) Paperback 
£5.95. 





Few areas of genetics have grown so 
rapidly and spread so pervasively as has 
extranuclear genetics in the short time 
since it achieved some measure of re- 
spectability. Whether one dates this 
from the discovery of DNA in extra- 
nuclear organelles or from the publi- 
cation of the first textbooks to bring 
the wealth of the cytogenetical evi- 
dence for extranuclear hereditary 
systems to a wider audience makes no 
difference to the time-scale. It will, 
however, probably colour ones reaction 
to the balance of material and the 
historical perspective which Beale and 
Knowles present in their account of 
the subject. 

The bulk of the material on extra- 
nuclear genetics sensu stricta is con- 
tained in three chapters devoted to 
mitochondria, chloroplasts and mis- 
cellanea, respectively. A further 
chapter on endosymbionts and viruses 
provides background information from 
extranuclear systems which may have 
evolutionary and certainly have pheno- 
menalogical affinities with the here- 
ditary systems located in mitochondria 
and plastids. A fifth chapter on 
plasmids resists the efforts of the 
authors to justify its presence. A brief 
introduction and conclusions complete 
the contents. 

The authors deliberately chose to 
present a relatively brief resumé of 
recent work on Chiamydamonas be- 
cause of the availability of up-to-date 
accounts. Their decision to give even 
briefer accounts of the extensive work 
on flowering plants, much of it 
published in German, is, however, 
more a reflection of the overall 
strategy of the presentation, with its 
main emphasis on the molecular and 
fine structure and a lesser supporting 
role fo rgenetic analysis. This emphasis 
shows up in many ways but probably 
the clearest is that of the total of 36 
figures, 26 of which are electron micro- 
graphs; only one is a genetic analysis 
and that concerns an endosymbiont. 
There is a corresponding shortage or 
delayed description of the basic details 
of the life cycles of key organisms 
without which the genetical analyses 
are dificult to follow. For example, it 
is not until more than half-way through 
the chapter on mitochondria and after 
the sections on respiratory mutants and 
drug resistance that the timing of 
meiosis in yeast and the haploidy of 
the ascospores are first mentioned. 


But it is not this imbalance but an 
overcautiousness in interpretation at 
times bordering on scepticism that 
concerns me most. The high point is 
where, with only two possible ex- 
planations, we are told that there are 
almost insuperable objections to both! 
Personally I find this depressing, others 
may well applaud it as scholarly. 
Indeed, Extranuclear Genetics presents 
a view of the subject that many and 
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perhaps all recent converts and those 
coming into contact with it for the 
first time will find palatable and a more 
than adequate introduction. But I 
doubt whether many will find it 
stimulating. 

J. L. Jinks 





J. L. Jinks is Head of Department of 
Genetics at the University of Birmingham, 
UK. 





Energy 
concepts 


The Concept of Energy. By E. J. 
Hoffman. Pp. 573. (Ann Arbor Science: 
Michigan, 1978.) £18.60. 


Let it be admitted at once that this 
book does not exactly appeal to this 
reviewer. But it is clear that the author 
has specialised knowledge in the field. 
He has written on extractive distilla- 
tion (1964) and on energy transforma- 
tions (1970) and is known in the fuel 
industry. As a result, his treatment of 
the “mathematical origins of the con- 
cept of energy” seems to strive for a 
universality including philosophy and 
differential geometry, which the author 
cannot attain. The result is an uneven 


book with undue elaboration of the 
Joule-Thomson effect (28 pages) and 
enthalpies of mixtures (60 pages), and 
nothing is said about the economic 
assessment of alternative energy sys- 
tems, the role of energy in biological 
systems or the reduction in status 
suffered by the energy concept at the 
hands of relativity theory. The 
references are mainly pre-1962 and 
there are doubts, which do not repre- 
sent the scientific concensus, concern- 
ing relativity (p446) and the constancy 
of the Stefan—Boltzman constant 
(p432). Nevertheless, the considerable 
effort made by the author is not wasted 
as the book may prove to be rewarding 
reading for those with an interest in 
the specialised topics mentioned above. 





P. T. Landsberg is Professor of Physics at 
the University of Southampton, UK. 





Phase transitions 
in solids 


Phase Transitions in Solids: An 
Approach to the Study of the Chem- 
istry and Physics of Solids, By C. N. R. 
Rao and K. J. Rao. Pp. 330. 
(McGraw Hil: Maidenhead, UK, and 
New York, 1978.) £18.15. 


ALTHOUGH the subjects treated by Rao 
and Rao are fascinating, I found myself 
somewhat disappointed by the book 
itself. This survey of phase transitions 
in solids is impressively broad, covering 
topics such as crystal chemistry, nuclea- 
fion and spinoidal decomposition, soft 
modes, and the modern theory of phase 
transitions. Perhaps as a result, the 
treatment of many topics is frustrat- 
ingly incomplete and sketchy. The 
three paragraph discussion of the 
Peierls transition in  one-dimension 
systems on pp 294-5, for example, is 
of little value to the uninitiated. Plots 
of the conductivity and resistance of 
KCP and TTF-TCNQ are shown, with- 
out a clear explanation of what is sup- 
posed to be going on. The authors refer 
rather mysteriously to a “giant Kohn 
anomaly’, with no explanation of the 
physics. Platitudes and vague generali- 


ties apparantly taken from review 
articles are substituted for a critical 
evaluation of this field. 

When the book discusses subjects in 
more detail, it often does so uncriti- 
cally. For example, ‘“Tizza’s theory of 
lambda transitions” is described ex- 
haustively, even though it is almost 
certainly wrong. As presented by Rao 
and Rao, it seems to be merely an ad 
hoc hypothesis leading to an infinite 
specific heat. Most lambda transitions, 
including the one in superfluid helium, 
have very singular but finite specific 
heats, a fact not known to Tizza when 
he proposed his “theory”. 

Notwithstanding its faults, this book 
is a useful source of references and in- 
formation in the fields it attempts to 
survey. The numerous figures and illus- 
trations of experimental data are stimu- 
lating, although not always clearly 
explained. I would not recommend this 
book for a course on the chemistry and 
physics of solids, as the authors suggest 
in the introduction. Were it not so pro- 
hibitively expensive, Phase Transitions 
in Solids might be worth acquiring as a 
reference for specialists. 

David R. Nelson 





David R. Nelson is at the Lyman Labora- 
tory of Physics, Harvard University, 
Cambridge, Massachusetts. 
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LKB Ultrogel® is a new kind of. 
which now turns gel filtration into | 
nique. High resolution because of t 
istics of Ultrogel: small, rigid, unifor. 
size-distribution. 




















These notes, 


When different Ultrogel types are used for serum fractionation, they can do this for you: 
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Buffer: 0.05M phosphate, pH 7.0, containing 0.171M NaC! and 0.02% NaN » 
Sample: 0.3 ml human serum (70 mg protein/ml) 
Uvicord II 


monitoring: For AcA 44, 100-—0% transmission {T}; 
for AcA 34 and AcA 22, 100— 80% T with automatic switching to 100—0% T 
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HUMAN SERUM PROTEINS SEPARATED 
ON LKB ULTROGEL. 

IgG and albuminare indicated for the Ultrogel 
types AcA 44, AcA 34 and AcA 22. It is seen that 
AcA 44 is the best gel for separating IgG and 
rìin; with AcA 34 and AcA 22 the separation 

oduced. 

The void peak (arrowed) in AcA 44, containing 
proteins much bigger than IgG, is resolved into 
two peaks on AcA 34, and further resolved into 
three peaks on AcA 22. 

Thus, for separating high-molecular weight 
proteins, AcA 22 is recommended, whereas AcA 
44 is more suitable for fractionation of proteins 
with molecular weights around 100,000. 










Effective 
fractionation 
range” 








Ultrogel type | 


| 
100,000 — 1,200,000 | 






AcA 22 

AcA 34 20,000 — 350,000 | 
ACA 44 10,000 -— 130,000 
AcA 54 | 5000— 76000 





*Globular proteins 


Ultrogel is a pre-swollen pclyacryla 
agarose gel which can be used straight from the 
bottle. No time-consuming swell:ng | procedures 
are needed. 

If you really want high resolution in gel fil- 
tration, write to the address belew for more in- 
formation, or order Ultrogel directly from the 
types listed in the table. 








LKB-Produkter AB, 


5-161 25 Bromma, Sweden 232 
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eature on laboratory instrumenta- 
on and electronics will appear in the 
19 October issue. 






Shackman Instruments. The Shackman 
7000 oscilloscope camera weighs less 
than 24 ounces and is highly portable. 
It produces high quality fully deve- 
loped 83 x 108 mm prints with virtually 
no picture distortion in just 30s. The 
7000 needs no focusing, and exposure 
can be accurately controlled to take 
account of the brightness of the display 
and type of phosphor used. A range of 
ten hoods is available for hand-held 
operation to suit almost any oscillo- 
scope.The hood is chosen to suit the 
oscilloscope bezel and simply fits to the 
camera body, retained by a locking 
ring. The light-tight hood allows only 
light from the cathode ray tube to 
reach the film and automatically cen- 
tres and positions the camera at the 
correct distance from the display. The 
hoods are vacuum-formed from high 
quality ABS plastic. When the camera 
is permanently mounted to the oscillo- 
scope a spacer body is fitted to the 
camera and matched to one of over 60 
custom-made oscilloscope adaptors. At 
both sides of the adaptor are hinge pins 
which hold the camera firmly in posi- 
tion during exposure. Either pin can 
be removed to swing the camera to the 
left or right to allow the operator to 


have an unobstructed view of the 
screen. The spacer body is moulded 
from high quality ABS moulding, 


while the adaptors are made of light- 
weight aluminium alloy. They are de- 
signed to replace, or in some cases to 
fit onto, the hezel fitted by the oscillo- 
scope manufacturer 

Circle No. 52 on Reader Enquiry Card. 


Panasonic. The Panasonic Model NV- 
9200 is a high performance video cas- 
sette recorder for high quality colour 
or black-and-white recording and play- 
back. It has a signal-to-noise ratio of 
better than 45 dB for outstanding pic- 
ture quality, even with second and 
third generation tapes; high resolution 
is 330 lines black and white, 250 lines 


— photography 


colour. Controls are non-locking push- 
buttons with logic memory. The NV- 
9200 can be used as a slave player with 
Panasonic’s new editing recorder, the 
NV-9500. The Model NV-9200 features 
still-frame playback, an optional remote 
control unit, NV-A152 that controls 
record, play, fast forward, rewind, stop 
and pause; automatic or manual con- 
trol of video level with video level 
meter, two audio level meters, one for 
each channel, audio limiter, audio mo- 
nitor output, tracking control, skew 
control, and automatic rewind at end 
of tape; also a direct drive video head 
cylinder motor for high stability and 
less jitter. The ‘Auto Search’ mode 
will stop fast forward or rewind when 
tape counter reads zero. 
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Panasonic's AK-750 portable colour camera 


Polaroid. The Polaroid CU-5 hard copy 
camera provides an easy, economical 
way for making permanent records of 
both repetitive and transient informa- 
tion from CRT screens. The CU-5 
delivers a high contrast 8.3X 10.8 cm 
photographic copy in seconds with 
either of two Polaroid instant black and 
white Land films. Type 107 C 3000 
speed film that produces a finished 
record in 30s that does not require 
coating, and Type 665—a 75 speed 
film that delivers simultaneously a fine 
grain print and a fully developed nega- 
tive in 30s without need of a dark room 
(the negative requires a brief clearing 
bath immediately after development). 
The computer or scope is tied up only 
a fraction of a second while the expo- 
Sure is made. The finished print 
provides a permanent record as an 
easy-to-read print. Even dim readouts 
appear clear on Polaroid 3,000-speed 
black and white Land film. Since the 
prints develop outside the camera, you 
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information on the 
display immediately. This camera is 
available with accessory hoods for 
framing 8x10cm oscilloscope screens 
and larger display screens up to 16.5 
21.6cm. With the addition of a power 
pack the CU-5 becomes a general 
purpose close-up camera capable of 
taking both colour and black and white 
close-up pictures from }$:1 to three 
times life size. The Polaroid MP-4 
camera is a copy, photomacrographic 
and photomicrographic recording sys- 
tem. It is stand mounted with eye-level 
reflex viewing. The new MP-4 can be 
converted for use as an enlarger by 
mounting its condenser enlarger head 
on the camera. Other Polaroid Land 
cameras and conventional cameras can 
be attached to the column using the 
universal camera mount. 

Circle No. 54 on Reader Enquiry Card. 
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Zeiss. The Zeiss inverted microscopes 
IM 35 with automatic integrated 35-mm 
camera system and ICM 405 for fully 
automatic photomicrography on 35-mm 
or 4X 5-inch formats offer great ease 
of operation. Both insruments have a 
swing-back illuminator carrier which 
instantly clears the entire stage area to 
speed up the exchange of vessels, and 
allow easy micromanipulation. With 
condensers for long working distances, 
vessels and chambers of up to 20mm 
thickness can be accommodated. A 
major advantage is the simple conver- 
sion into a high-performance fluores- 
cence microscope. Almost any 35-mm 
camera back with focal-plane shutter 
and manual or motorised film advance 
can be attached. 

Circle No. 55 on Reader Enquiry Card, 


Gallenkamp. A new portable projection 
screen and a projector stand are now 
part of the Gallenkamp range. The 
screen is matt white, with a lenticulated 
surface which gives exceptional image 
definition over a wide viewing angle. 
The projection area is 1,220 X 1,220 mm 
and the height of the screen on its 
tripod stand can be adjusted between 
540 and 870mm. The screen will fold 
away for easy transport and storage 
when it is not in use. The projector 
stand will also fold flat. Made of strong 
tubular steel, it has a large table top 
(360X440 mm) and three adjustable 
height positions up to a maximum 
height of 1,110 mm. 
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O 2 SECOND ANNUAL. © 
-BRISTOL-MYERS AWARD FOR 
DISTINGUISHED ACHIEVEMENT 
IN CANCER RESEARCH 





"AWARD $25, 000 
DEADLINE FOR RECEIPT OF NOMINATIONS — 
December 34, ‘4978 


ANNOUNCEMENT OF AWARD RECIPIENT 
May; 1979 


ki 


The Bristol-Myers. Company presents an. ania award to a sclentist making an 
outstanding contribution In cancer research. The candidates for-the Award are to 
be nominated by medical schools, free-standing hospitals and. cancer research 
centers, Only one nomination. from each Institution Is permitted. 


SELECTION COMMITTEE 


john E; Ultmann, M.D. Selection Committee Chalrman 
Aa Cancer Research Center, Unlversity of Chicago 
Harris Busch, M.D., Ph.D. `: 
poleso and Chairman, Department of Pharmacology 
Baylor College of Medicine 
-© Albert H. Owens, Jr. M.D. ` 
Director, Oncology Center, The- Johns Hopkins SANOISIN 
i Saul A. Rosenberg, M.D. 
Professor of Medicine and Radiology, and Chief, Division of Oncology 
Stanford University School of Medicine 
© Alan C. Sartorelll, Ph. D: 
molosai and Chairman, Department of Pharmacology 
Yale University School of Medicine 


Rules and officlal nomination forms are available from: 
i Secretary; Award Committee, 345 Park Avenue, Room 43-30, 
New Yorks New York 10022. S i 
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A Textbook of Human Anatomy 


EDITED BY W. J. HAMILTON 


The new edition of this well-known and widely used textbook has been completely revised in order 
te bring it up-to-date with recent advances in fields of medicine such as immunology. 


The number of illustrations has been considerably increased and includes some excellent four 
colour plates. 


The format of the book has been enlarged and the layout clarified. 
Price £14.50 768pages ISBN 0 333 181158 


Human Embryology 


HAMILTON, BOYD AND MOSSMAN 
Fourth Edition revised by 
W. J. Hamilton and H. W. Mossman 
This classic text has been the standard authority since it was first published in 1945. 


In its revised form the fourth edition contains several new sections including a chapter on the 
development, structure and functional activities of the placenta and a large number of new 
micrographs. 
E Such a book will be an essential reference work for medical students, research workers, 
clinicians and surgeons. 


‘This finely produced and scholarly book will remain the definitive English text for many years’ 
British Medical Journal 


£16.00 ISBN 0333 19153 6 


The Human Placenta 
BOYD AND HAMILTON 


The production of this book is a publishing event of importance. Two of the most distinguished 
- anatomists with a special interest in the human placenta have combined, as often they have 
before, to write and of course illustrate a classic ... Of course the book is expensive. Such a lavish 
feast of riches, the product of a lifetime's work and thought allied with the best of the publisher's 
art, could scarcely be otherwise. No department of anatomy, of obstetrics and gynaecology, of 
reproductive physiology, or of endocrinology, can consider its library complete without possessing 
a copy of this elegant informative volume’ 


| Philip Rhodes British Medical Journal 


£25.00 ISBN 0333 19186 2 


surface & Radiological Anatomy 


For students and General Practitioners 
Fifth Edition 


HAMILTON, SIMON AND HAMILTON 


Increasing emphasis is now being given to the study of anatomical structures which are accessible 
to examination in the living subject and this beautifully produced book answers a need for an 
authoritative text on the subject. 


in this fifth edition several changes have been made, many of the original micrographs have been 
replaced. 


The editorial trinity have established a wonderful text; the association of an anatomist, a radiologist 
_and a surgeon seems to be ideal’ 
The British Journal of Surgery 


£9.50 ISBN O 333 191544 


To order a copy of any of these books, please send the correct amount plus 50p per volume 
carriage, to Technical Book Services, P.O. Box 79, Maidenhead, Berkshire SL6 2EG. 
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Ion beam thinning unit. Ion Tech. lon 
Tech announce the introduction of the 
Super Microlap. This incorporates two 
Model B11W water-cooled saddle field 
ion sources, controlled by a current 
regulated power supply unit to produce 
ion beams ranging in intensity from a 
few microamps to 500 “A per source. 
For sensitive specimens, the low ion 
current capability and efficient water 
cooling guarantees freedom from ion 
source heat transfer and ion beam 
damage. The specimen can be mounted 
on a water-cooled or liquid nitrogen 
cooled stage. The ion sources operate 
at 10°* Torr, and the fine beam is col- 
limated by the internal electrode struc- 
ture of the ion source and is 
independent of the cathode aperture 
diameter. Even after prolonged opera- 
tion the ion beams remain collimated 
and do not spread. This equipment has 
the advantages of accurate ion source 
alignment, variable angle of incidence 
from normal to grazing and clean 


beams. 
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The Super Microlap 


Spectrophotometer. Perkin-Elmer. The 
models 554 and 555 are double beam 
UV/vis spectrophotometers scanning 
over the wavelength range 190-900 nm. 
The instruments feature microprocessor 
control of the abscissa and ordinate 
with keyboard entry of the operating 
parameters. Both instruments include 
automatic baseline correction, concen- 
tration calibration, auto zero, Ist and 
2nd derivative, repetitive scanning and 
wavelength programming as standard. 
Abscissa and ordinate values are digi- 
tally presented and the Flowchart 
recorder is built-in, ensuring synchroni- 
sation of the chart with the mono- 
chromator. 
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provided by the manufacturers. For 


further details circle the appropriate 
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Automatic bomb calorimeter. Gallen- 
kamp. The Gallenkamp Autobomb is 
an automatic instrument providing a 
convenient means of accurately deter- 
mining calorific values to internation- 
ally accepted standards. The adiabatic 
system used ensures that heat losses 
from the calorimeter during the test 
period are negligible, thus eliminating 
the need for cooling correction calcula- 
tions. Another important feature is the 
telescopic lift to which the top cover 
assembly is attached. This makes dis- 
mantling between tests unnecessary and 
also minimises the danger of breaking 
the calorimeter thermometer which 
need not be handled during testing. 
Heating is instantaneous and the water 
velocity through the jacket and cover 
is maintained at a high level to keep 
the temperature uniform. 

Circle No. 46 on Reader Enquiry Card. 


Liquid chromatography detector. 
Tracer. The Model 965 photo-conduc- 
tivity detector for liquid chromato- 
graphy, a highly selective halogen 
detector, has been announced by 
Tracer. Operating on the electrolytic 
conductivity principle, the detector 
senses any halogen-containing com- 
pound which will photolyse in the 
presence of UV light. The principal 
application will be pesticide analysis, 
since the detector is relatively insensi- 
tive to aromatic and other UV absorb- 
ing materials lacking halogen. 

Circle No. 47 on Reader Enquiry Card. 


Disposable protein concentrator. 
Millipore. The new immersible mole- 
cular separator II from Millipore gives 
the researcher a simple, rapid and 
economic means for concentrating or 
desalting solutions of proteins, macro- 
molecule or viral suspensions. The 
Immersible II consists of an 11 cm* area 
ultrafiltration membrane cast on a 
porous core. The Pellicon membrane, 
with an exclusion limit of 10,000 
daltons is specially formulated for high 
flux and minimum nonspecific binding. 
The unit is placed in the solution to 
be concentrated and a vacuum source 
connected. Low molecular weight salts 
and solvents pass through the mem- 
brane, while macromolecules > 10,000 
daltons remain in the solution. The 
Immersible II is available as a starter 
kit of 25 units with accessory tubing 
and connectors or as a refill kit of 25 
ultrafiltration units only. 

Circle No. 48 on Reader Enquiry Card. 


Thermal microscope stage. Bailey. The 
TS-2, a solid-state thermal microscope 
stage cools or heats a specimen to a 
selected temperature within a —20 °C 
to +60°C range and maintains that 
temperature indefiritely, The stage is 
thermoelectrically operated and pro- 
duces a continuous cooling or heating 
effect. The TS-2 has no moving parts 
and is vibration free. The controller 
consists of a variable DC power supply 
and a microprobe thermometer which 
can be used independently for tem- 
perature measurements around the 
laboratory. 

Circle No. 49 on Reader Enquiry Card. 





The Bailey TS-2 
Respiratory test 


meter. Internationa! 
Gas Apparatus. A portable meter 
capable of accurately measuring a 
patient’s respiratory exhalation has 
been introduced by International Gas 
Apparatus. Based on a tried and tested 
principle widely used in their range of 
laboratory and research dry test 
meters, this respiratory meter is simple 
to operate and capable of measuring 
down to 0.001 cu. ft. Optional pressure 
and temperature gauges are available 
if required and various dial calibrations 
can be supplied to provide readings of 
1/10 cu.ft or 1cu.ft per revolution 
with sub-divisions of 0.001 cu.ft or 
0.01 cu.ft, both models having a 
capacity of 115cu.ft per hour. This 
test meter is designed for field or hos- 
pital use, and is only recommended for 
exhalatory use, not inhalation. 

Circle No. 50 on Reader Enquiry Card. 


Chlorophyllometer. Lars Ljungberg. 
The chlorophyllometer from Ljung- 
berg is a fully transistorised photo- 
meter for the determination of 
chlorophylls in 100% acetone. The 
chlorophyllometer is a rapid and easily 
operated instrument with direct reading 
digital display (mg chlorophylls !”’). 

Circle No. 51 on Reader Enquiry Card. 
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Meetings 


18-20 October College Park Colloquia 
on Chemical Evolution, Maryland (Dr 
Cyril Ponnamperuma, Department of 
Chemistry, University of Maryland, 
College Park, Maryland 20742). 

19-20 October, 9th Underwater Mining 
Institute, San Diego (Gregory D. 
Hedden, University of Wisconsin, 1815 
University Avenue, Madison, Wis- 
consin 53706).: 

23-26 October, The Bourke Lectures, 
Nijmegen (Faraday Division, The 
Chemical Society, Burlington House, 
London W1, UK). 

23-26 October, Cell Substrates and 
their use in the Production of Vaccines 
and other Biologicals, New York 
(Course Secretary, W., Alton Jones 
Cell Science Center, Old Barn Road, 
Lake Placid, New York 12946). 

23-26 October, Biological Basis for 
Immunodeficiency, Toronto (Dr E. W. 
Gelfand, Department of Immunology, 
The Hospital for Sick Children, 555 
University Avenue, Toronte, Ontario, 
Canada M5G 1X8). 

25-27 October, 3rd International 
Symposium on Polynuclear Aromatic 
Hydrocarbons, Columbus (Dr Philip 
Leber, Battelle’s Columbus Labora- 
tories, 505 King Avenue, Columbus, 
Ohio 43201). 

26-31 October, Ist International Con- 
gress on Human Ecology, Vienna 
(Society for Human Ecology, Karlspatz, 
A1040 Vienna, Austria). 

27 October, Trade Unions and Genetic 
Engineering, London (ASTMS, Sutton 
House, 2-4 Homerton High St, London 
E9, UK). 

29-October-3 November, Vegetable 
Food Proteins, Amsterdam (CEPE/ 
AOCS, Raamweg 44, The Hague, The 
Netherlands). 

29 October-3 November, Sth Inter- 
national Conference on Pneumo- 
conioses, Caracas (International 
Labour Office, Occupational Safety and 
Health Branch, CH 1211 Geneva 22, 


Switzerland). 
30 October-l November, Physico- 
chemical Hydrodynamics, Indiana 


(Professor D. Brian Spalding, Purdie 
University, Thermal Sciences and 
Propulsion Center, Chaffee Hall, West 
Lafayette, Indiana 47907). 

29 October-November, ‘Sth Inter- 
national Conference on Hormonal 
Steroids, New Dehli (Professor 
v. H. T. Jamed, Department of 
Chemical Pathology, St Mary’s Hospi- 
tal Medical School, London W2, UK). 


31 October-4 November, Bifurcation 
Theory, New York (Ann Collins, The 
New York Academy of Sciences, 2 
East 63rd St, New York, New York 
10021). 

1 November, Animal Experimentation 
Symposium, London (M. G. Funnell, 
RSPCA, The Manor House, Horsham, 
Sussex, UK). 

l-2 November, Safety and Industry, 
Bath (A. Herzka, Ashbourne House, 
Alberon Gardens, London NW11, UK). 
4-5 November, Pain and Inflammation, 
Bologna (Dr Emmanuela Folco, 
Fondazione Giovanni Lorenzini, Via 
Monte Napoleone, 23, 20121 Milan, 
Italy). 

6-8 November, Use of Small Accelera- 
tors, Texas (Dr Jerome L. Duggan, 


Physics Department, North Texas 
State University, Denton, Texas 
76203). 

6-11 November, International Work- 


shop on Biomedical Transducers and 
Measurements, Madrid (Dr Michael 
R. Neuman, Biomedical Electronics 
Resource, Engineering Design Center, 
Case Western Reserve University, 
Cleveland, Ohio 44106). 

7-8 November, Industrial Applications 
of IR Technology, London (Sira Insti- 
tute Ltd, South Hill, Chislehurst, Kent, 
UK). 

7-9 November, Engineering Design for 
Earthquake Environments, London 
(Keith Baldock, The Institution of 
Menchanical Engineers, 1 Birdcage 
Walk, Westminster, London SW1, UK). 
§ November, Food, Health and Farm- 
ing, London (Institute of Biology, 41 
Queens Gate, London SW7, UK). 

9 November, Structure and Bio- 
chemistry of Natural Biological 
Systems, Virginia (Robert L. Ryan, 
Philip Morris Inc., 100 Park Avenue, 
New York, New York 10017). 

11-12 November, 6th Annual Down’s 
Syndrome Congress, Boston (Joe 
Canning, 35 Narragansett Avenue, 
Pawtucket, Rhode Island 02861). 
13-15 November, 2nd Conference on 
Acoustic Emission/Microseismic Ac- 
tivity in Geological Structures and 
Materials, Pennsylvania (Dr H. 
Reginald Hardy, Jr, Rock Mechanics 
Laboratory, The Pennsylvania State 
University, 104 Mineral Sciences Build- 
ing, University Park, Pennsylvania 
16802). 

13-17 November, International Sym- 
posium on the Decommissioning of 
Nuclear Facilities, Vienna (IAEA, 
Karntner Ring 11, PO Box 590, A 1011 
Vienna, Austria). 


20-23 November, British Crop Protec- 
tion Conference — Weeds, Brighton 
(Frank Bishop (Conference Planners) 
Ltd, 74 London Rd, Croydon, Surrey, 
UK). 

20-24 November, Ist Colloquium of 
the European Pineal Study Group, 
Amsterdam (Dr P. Pevet, The Nether- 
lands Institute for Brain Research, 
Ijkdijk 28, Amsterdam-0, The Nether- 
lands). 

23 November, The Future Role of 
Microprocessors in Nondestructive 
Testing, Oxon (Clive Fewins, PR 
Group, Building 329, Harwell, Oxon, 
UK). 

23 November, Is Genetic Manipulation 
Safe?, Bradford (Registrar, University 
of Bradford, Yorks, UK). | 
24-25 November, Antibiotics and 
Hospitals, Milan (Fondazione Giovanni 
Lorenzini, Via Monte Napoleone, 23, 
20121 Milan, Italy). 

26-29 November, 2nd International 
Conference on Microzonation for 
Safer Construction, San Fransisco 
(M. A. Sherrif, University of Washing- 
ton, Seattle, Washington 98195). 

27-30 November, International Con- 
gress on Analytical Techniques in 
Environmental Chemistry, Barcelona 
(Dr Joan Albaiges, Av. M. Cristina, 
Palau no. 1, Barcelona-4, Spain). 


Reports & Publications 
Other countries— August 


US Department of Health, Education and Welfare: 
National Institutes of Health. Recombinant DNA 
Research: Proposed Revised Guidelines. (Federal 
Register, Vol. 43, No. 146, July 28, 1978.) Pp 33041- 
33167. (Bethesda, Md.: Department of Health, Edu- 
cation and Welfare, Public Health Service, National 
Institutes of Health, 1978.) 

Lincoln Laboratory, Massachusetts Institute of 
Technology. Seismic Discrimination—Semiannual Tech- 
nical Summary Report of the Defense Advanced 
Research Projects Agency, 1 October 1977—31 March 
1978, Pp. viii+ 74. (Lexington, Mass.: Lincoln Labora- 
tory, MIT, 1978.) {218 

World Health Organization, Technical Report Series 
No. 621: Epidemiology, Etiology, and Prevention of 
Periodontal Diseases—-Report of a WHO Scientific 
Group. Pp. 60 Sw.fr.6; $3. Health: A Time for Justice 
—-Primary Health Care. Pp. 16, (Geneva: World Health 
Organization, 1978,} 

National Multiple Sclerosis Society, Annual Report 
for 1977. Pp. 36. (New York: National Multiple 
Sclerosis Society, 205 East 42nd Street, 1978.) [228 

United States Department of the Interior: Geological 
Survey. Professional Paper 1033: The Structure of the 
Olympic Mountains, Washington—Analysis of a Sub- 
duction Zone. By R. W. Tabor and W. M. Cady. 
Pp. iv+38. (Washington, DC: US Government 
Printing Office, 1978.) _ [248 

Annals of the Transvaal Museum. Vol. 31, No. 1: 
The Tenebrionidae of Southern Africa, XLV—-De- 
scription of Some Larvae of the Subgenera Gonopus 
and Agonoprs of the Genus Gonopus (Coleoptera) 
By L. Schulze. Pp. 1-16+1 plate. Vol. 31, No, 2 
A New Land Snail, Carvella transvaalensis, from 
Southern Africa (Gastropoda, Pulmonata: Subulini- 
dae). By A. C. Van Bruggen, Pp. 17—20. Vol. 31 No. 3: 
Problematical Alcelaphine Fossils from the Kromdraai 
Faunal Site (Mammalia: Bovidae). By E. S. Vrba. 
Pp. 21-28+5 plates. Vol. 31 No. 4: A New Species of 
Myosorex from Kenya, South Africa (Mammalia: 
Soricidae), By J. Meester and N. J. Dippenaar. 
Pp, 29-4241 plate. (Pretoria: Transvaal Museum, 
1978.) n 
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Advertisement 


BIOLOGICAL PACIFISM 


Complete List of Academic Works of Noted Japanese Vegetarian, 


NOBEL PRIZE CANDIDATE 


DR HISATOKI KOMAKI, Ph.D. 


Internationally known 
Authority on the Theory and 
Practice of Vegetarianism 


Dr Hisatoki Komaki's academic works and 
activities in the field of Biological Pacifism 
have won him worldwide recognition, includ- 
ing official nomination as a candidate for the 
Nobel! Prize, along with the respected Dr 
Louis Kervran of France. In 1976, Dr Komaki 
was cited for his role in the organisation of 
the Int'l Academic Congress on the Happier 
Coexistence of All Living Things held at 
Kyoto University in Japan, and at the 
Sorbonne, in Paris, in 1977. Prior to becoming 
the Founder and President of Japan's Seibutsu 
Noogyoo Kenkyuusho Foundation and SALT 
Foundation (Hisatoki Komaki Foundation for 
the Salvation of All Living Things), Dr 
Komaki, a Ph.D. from Kyoto University, was 
a professor at Japan's Mukogawa University. 


Biological Pacifism 


Dr Komaki's extensive academic research 
into Biological Pacifism concludes that: 


1. Even in the animal kingdom, the killing 
of mammals (animals possessing con- 


sciousness) is exceptional. 


2. A meat-diet is uneconomic from the point 


(Now available free of charge) 


Biological Pacifism and 
the Future Religion of Mankind 


In his collected works, Dr Komaki con- 
cludes that: 


1. “The Future Religion of Mankind” must 
possess a clear vision of and a concrete 
method for bringing about “Peace of All 
Living Things.” 


2. The Universal Life is not only the Universal Law but 
also the Universal PERSONA possessing the Infinite 
Love, Wisdom and Power. And, therefore, the all 
spiritual creatures must be immortal and must evolve to 
be completely happy 
If not, the infinite Universe is the infinite wickedness. 


3. We do not know the true mechanism. It is supposed, 
however, that a man is the wonderful Complex of the 
living brain and the Psi Body or “Psi Information Sys- 
tem". The life span of the latter is supposed to be 
endless or very long, while that of the former is very 
short. (Prof. Dr. Hideo SEKT s English monograph on 
the Psi Information System Hypothesis is obtainable 
from him, 5-11-3, Kamiuma, Setagaya, Tokyo, Japan) 


4. Only those religions, possessing the firm 
philosophical proofs of such truths, and, 
furthermore, possessing the effective 
method of the complete manifestation, or 
liberation, of the True Self, will occupy 
the main position in (or evolve into) “The 
Future Religion of Mankind", providing a 
vision and a method of realising "Peace of 
All Living Things’’. 


5. Can we find such religious or philosophical! 
movements in the present world? Dr 


IYE Foundation may be one of the best 
academic centres 


Christianity and Buddhism also possess 
each vision and each method. In Chris- 
tianity, via a Mediator warranted by the 
fulfilment of the Biblical prophecies. In 
Nichiren Shoshu Buddhism, via a very 


rhythmical and powerful chanting of “the 
phonetic and ideographical expression of 
Cosmic Life’ in front of a Mandala of 


the Cosmic Law 


Turning Biological Pacifism 
into a Working Reality 
As a result of the series of Full Page opinion 


advertisements on Bielogical Pacifism that 
appeared in the “New York Times” Book 


Review section (April 16) New Statesman 
(April 14), etc., etc., etc., significant public 
interest has been awakened. More attention is 


needed, however, to achieve the goals ol 
Biological Pacifism. 


Should 500 influential citizens donate £50 
or $100 each (per one year) in support of the 
campaign calling for a series of the full page 
opinion advertisements in first class news- 
papers and magazines around the world, Dr 
Komaki’s academic conclusive ideas on 
Biological Pacifism can be spread all over the 
world within a few years’ time. 


Please DON'T send your donation now 


Instead, if you have any constructive ideas 
suggesting how effectively the captioned body 
be organised, please send to our U.K. or U.S 


Masaharu SEICHO-NO- 


TANIGUCHI's 


i TF i _iaison Ot < 
of view of nutrition and food production. Liaison Offices 


For, animals are the consumers of all 
essential nutrients, and the green plants 
are the producers of all of them. For 
example, as the definition itself shows, the 
ESSENTIAL AMINO ACIDS—the essen- 
tial components of ANIMAL PROTEIN— 
can never be produced by animals (Carbo- 
hydrate, too. Fat, too. Vitamins, too. Of 
course . . .). 





3. The only role of cattle-breeding—in past 
days—was the biological concentration (not 
production!) of the nutrients of plant 
origin. Today, of course, we have more 
scientific methods for concentration of the 
nutrients of plant origin, 


4. Famous biological scientists like Professor 
Dr Munro Fox, of England; Professor Dr 
Paul Chauchard, of France, regard the 
cerebral system of animals except mam- 
mals, as a kind of mechanic system like 
an electronic computer, possessing no con- 
sciousness. Nobody, however, can conclude 
that fishes, birds of insects possess no con- 
sciousness. So . . . we, mankind, must stop 
the slaughter of mammals right now... 
and we must stop killing all kinds of 
animals as soon as possible. 





The photo-copies of Dr. Komaki’s all academic works are obtainable from the central libraries of 
the 66 countries over the world. For the complete list of the academic works of Dr Komaki (free of 
charge) or for additional information write to Seibustu Noogyoo Kenkyuusho Foundation, 
Sakamoto-Honmachi, Otsu, Shiga-ken, Japan or its U.K. Liaison Office, Prof. Dr G. Herriot- 
Hunter, The Sanctuary, Yealmpton, Plymouth, PL8 2NB South Devon, England, or its U.S. 
Liaison Office, c/o Mrs Ethel R. Gans, 3 Bayne St., Norwalk, Conn 06851 U.S.A. 
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JEAN NEVILLE (LONDON OFFICE) 01-831 6901 MARY WADE (WASHINGTON OFFICE) (202) 737-2355 


CONDITIONS. The sari reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to him at his absolute discretion 
and without explanation. All advertisements must comply with the British Code of Advertising Practice. 

The Publishers will not be liable for any loss occasioned by the failure of any advertisement to appear from any cause whatever, nor do they accept liability for printers’ 
errors, although every care is taken to avoid mistakes. 
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APPOINTMENTS VACANT 


$ CENTRAL ELECTRICITY 
/ RESEARCH LABORATORIES 


Kelvin Avenue, Leatherhead, Surrey, KT22 7SE 


Graduate/Postgraduate 
opportunities for 
Physical/Environmental 
Chemists 


Opportunities exist for graduate/postgraduate 
chemists to join an active research team investigating 
chemical pathways of pollutanis in the atmosphere. 
The work involved includes both basic laboratory 
studies and field work and itis anticipated that the 
successful applicants will among other activities help 
plan and implement experiments mounted in 
specially equipped sampling aircraft. 


Applicants should hold a good honours degree in 
physical chemistry and have relevant research 
experience in some of these fields. We would also be 
pleased to receive applications from treshly qualified 
people interested in making an entry into these areas. 


The Laboratories are situated ina pleasant part of 
Surrey and offer attractive Cond tions of Service, and 
facilities for the total of 800 Research and Support 
staff engaged in a broad spectrum of research into 
the materials, technologies and plant performance 
problems of the Central Electricity Generating Board. 


According to age, experience and qualifications the 
appointments will be made within incremental salary 
ranges rising to £6035 or £7050 plus a payment under 
a Selft-Financing Productivity Scheme ranging 
between £8 and E17 per month. 


Applications, quoting reference number RL/89. on 
standard forms which may be obtained from and 
returned to Dr. R. D. B. Whitcutt Head of Personnel 
Services, atthe above address. Application forms 
may be obtained by telephoning Leatherhead 74488 
+ 363. Closing date is Friday 6 October 1978. 
Pe) TISKA) 
wt, 
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ADRESS 


THE UNIVERSITY OF 
MANCHESTER 
RESEARCH BIOCHEMIST 
Applications are invited from post- 
dectoral candidates for this post, to 
work on the mechanism of action 
and interaction of steroids and other 
hormones on bone. Wark will be under 
the supervision of Dr D. C. Anderson, 
Senior Lecturer in Medicine (Endo- 
crinology) at Hope Hospital Clinical 
Sciences Building, and in close 
collaboration with Dr 5. R. Ayad, 
Senior Lecturer in Biochemistry. The 
Project is for three years and will 
extend studies being currently con- 
ducted in this field. Previous experi- 
ence with cell isolation and culture 
and/or hormone receptor techniques 
desirable. Starting salary: £3,883 to 
4,382 p.a., according to age and ex- 
perience, and rising according to 

Research Range IA. 

Send application with curriculum 
vitae, quoting names of two referees 
to Dr D., C. Anderson, Department of 
Medicine, Hope Hospital, Salford 
M6 RAD from whom further details 
may be obtained, by Octoher 2. 

TISHA) 


pes 





INSTITUTE OF OBSTETRICS 
AND GYNAECOLOGY 
University of London 
Queen Charlotte’s 
Maternity Hospital 
Goldhawk Road, 
London W6 OXG 


Applications are invited for the post of 


SCIENTIFIC PROGRAMMER 


Grade 1B 
at the Institute of Obstetrics and 
Gynaecology. Queen Charlotte's 


Maternity Hospital. 

Salary scale £3,384 to £5,604 plus 
£450 London Weighting Allowance. 

The primary function of this post is 
to support a new PDPI1 programmable 
remote-job-entry terminal connected to 
the University CDC computer installa- 
tion. The work will involve a wide 
variety of soft ware development using 
assembler and high level languages, 
plus experience of real-time program- 
ming, The successful applicant will 
work in a small, lively research depart- 
ment with a lot of scope for inventive 
development. 

A scientific background (to Honours 
degree level) would be an advantage. 
Registration of a suitable candidate for 
a higher degree would also be a 
possibility. 

Further details may be obtained 
from the Secretary, Institute of 
Obstetrics and Gynaecology, Chelsea 
Haspitai for Women. Dovehouse 
Street. London SW3 6LT. 

Applications, together with curricu- 
lum vitae and the names and addresses 
of 2 referees should be sent to: Dr 
G. S. King, Chemical Pathology 
Department, Queen Charlotte's 
Maternity Hospital, Goldhawk Road, 


ST BARTHOLOMEW’S 
HOSPITAL 
London ECIA 7BE 
RESEARCH ASSISTANT 


To work closely with consulta: 
surgeon in laboratory, animal ar 
clinical research, Applicants shou 
have a good knowledge of microbiolos 
and at least two years’ research exper 
ence, Post vacant now and = tenab 
until August 31, 1979. 

Salary between £3,705 and £5,2! 
pa, depending on qualifications ar 
experience. 

Please telephone 01-600 9000 ex 
3320 (quoting ref: RP/90/25) for a 
application form and details í 
research being carried out. 

Closing date for 
October 5, 197%. 


application 
T148(A) 


UNIVERSITY OF LONDODM 


CHAIR OF CHEMICAL 
PATHOLOGY 

TENABLE AT CHARING CROSS 

HOSPITAL MEDICAL SCHOOL 

Applications are invited for ti 
appointment to the Chair of Chemie: 
Pathology in Charing Cross Hospit 
Medical School, St Dunstan’s Roa: 
London W6, 

The Medical School has an intere 
in the development of immur 
chemistry, but candidates with speci 
interests in other fields of chemic 
pathology are welcome to apply. TI 
Professor will be Head of the Depar 
ment of Chemical Pathology. 

Duties will involve the forwardir 
of the subject, the teaching of medic 
students, conducting research, and tl 
administration of the Department. 
is intended that the person appointe 
will take up his or her duties as soc 
as convenient, and be offered an ho 
orary consultant contract with tl 
Ealing, Hammersmith and Hounslo 
Area Health Authority (Teaching). 

Further details should be obtaine 
from the Academic Registrar (N 
Senate House, Malet Street, Londc 
WCIE 7HU before submitting appl 
cations (10 copies). Closing da 
November 20, 1978. TIG3{A) 


UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 


Postdoctoral Research Fellow 1 
work with Drs M. C. Flowers ar 
J. $. Ogden on a project supporti 
by the Science Research Council ar 
concerned with the investigation i 
the chemistry of laser evaporate 
species. The work involves the use 1 
quadrupole and time of flight ma 
spectrometers and experience in ma 
spectrometry would be an advantag 
The appointment is for one year | 
commence not later than December 
1978, The salary will be £3,883 pi 
annum, Applications with full cu 
riculum vitae and the names of tw 
referees should be sent either to E 
M. C. Flowers or Dr J. S. Ogde 
Department of Chemistry, The Un 
versity, Southampton SO9 SNH, i 
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National Research Consell national 
Council Canada 


de recherches Canada 


1979 RESEARCH ASSOCIATESHIPS 


for research in science end engineering in the following laboratories of the 
NATIONAL RESEARCH COUNCIL OF CANADA: 


ATLANTIC REGIONAL LABORATORY 
DIVISION OF BIOLOGICAL SCIENCES 
DIVISION OF BUILDING RESEARCH 


DIVISION OF CHEMISTRY 


DIVISION OF ELECTRICAL ENGINEERING 
HERZBERG INSTITUTE OF ASTROPHYSICS 
DIVISION OF MECHANICAL ENGINEERING 
NATIONAL AERONAUTICAL ESTABLISHMENT 


DIVISION OF PHYSICS 


PRAIRIE REGIONAL LABORATORY 


Apploants should possess st iesst a PhD in natural sciences or a Master 
degree in an engineering field or expect to obtain the degree before taking 


up the sward 


Asecoisteships are open to nationals of all countree although preference will 


be grven to Canadians. 


Research Associates wiii be offered appointments to the staff of the National 
Research Councd on a term besis and will be offered salaries and benefits 
ourrenthy svailable to members of the continuing staff 

The minal appointment will be for a one yess term and may be renewed, 
subject to the Assoorete’s performance and subject to the requirements of the 
Draiston. Renewals are considered annually The term as a Reseerch Associate 
will vary by Drvston but will not exoeed frve years 


An allowance wil be provided towards the cost of travel. 


Appkostions may be obtained from the Research Associates Office, Natonal 
Reesarch Counci of Canada, Ottawa, Canada, KIA ORE. 


Ciosing date: 15 January 1878 


7185(A) 





REGIONAL CYTOGENETICS 
LABORATORY 


EAST BIRMINGHAM 


sirable but not absolutely necessary. 
oe ee on expersence 
ado q tions, £2,991 to £4,899 


Apphlcation forms and further details 
Mamable from 


csprtal, Bordesley 
“ngham B9 SST. Tel 021-772 4311 
t 4354. 7192(A) 


UNIVERSITY OF 
LANCASTER 
DEPARTMENT OF 
ENVIRONMENTAL 
SCIENCES 
RESEARCH 
ASSOCIATE 
A ptrysicist at PhD level s 


UNIVERSITY OF 
ABERDEEN 
DEPARTMENT OF BIO-MEDICAL 
AND BIO-ENGINEERING 
RESEARCH ASSISTANT 
AppHoations are Invited for thas poet 

supported by the Cancer 


degree in Phymcy and Ph.D m Phyucs ’' 


or Bio-Physxs of Electronics The post 
ts tenable me for two years 

: up to £477" 
per am Ga the Range 1A cele tex 
cee and Analogous Staff, plus 
: Further particulars from The Secre- 


tary, The Unriverstty, Aberdeen, with 
whom applications copies) should 
be lodged by October 13, 1978 
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LOTHIAN HEALTH BOARD 
METABOLIC UNIT 
Western General Hospital 
A tons are invited from 


ates with an Honours degree in 
blochemstry, or a brologscal 
appointment of 


CSIRO 
AUSTRALIA 


Research 
Scientist 


Division of 
Animal Health 
Armidale, NSW 


CSIRO has a broad charter for research into primary and 
secondary Industry areas The organisation has 
approximately 7,000 employses—2,400 of whom are 
reeeerch and professional scientista—iocated tn Divisions 
and Sections throughout Australia. 


Field: Immunology/Microblology 


General: The Dmision is currently reorganigng Its 
research programmes at McMaster Laborstory, Sydney and 
the Pastoral Research Laboratory, Armidale The group at 
prosent comprises four senior parasitologists and an 


‘immunologist and tt has been decided to diversify the 


activities of the group by the eppolntment of a second 
immunologist/microblologist to work on aspects of 
staphylococcal disease. It 1s axpected that the new 
appointee will develop some association with colleagues 
at the McMaster Laboratory In Sydney. 


Duties: To carry out research Into vanous aspects of 
staphylococcal immunity wrth particular reference to 
staphylococcal mastitis Attention will be directed to 
determining the relatrve importance of vanous staphylococcal 
antigens as Immunogens and to improving vaccinaton 
procedures. 


Qualifications: A PhD degree In a relevant 
dlecipline, or equivalent qualifications, supported by 
satisfactory evidence of research ability and axpenence 
appropriate to the field of study. 


Salary: Research Scientist or Senior Research 
Sclontlat : $414,829 to $421,543 p.a. An outstanding 
applicant may be considered for appointment at a higher 
level 


Tenure: Indefinite with superannuation. 


Applications /N DUPLICATE, stating FULL personal and 
profees:onal detalls, the names and addresses of at loast 
two professional referees, and QUOTING REFERENCE 
NUMBER 201/663 should reach: The Personne! Officer, 
Australian Scientific Liaison Office, Canberra House, 
Maltravers Street, LONDON, WC2R 3EH, by October 23, 
1978. 


Applications in US.A and Canada snould be sent to: 
The Counsellor (Scientific), Embassy of Australia, 
1601 Massachusetts Avenue, N W., WASHINGTON, D.C., 


20036, U.S.A. 
7146(A) 


titude sonosphere supported the = 

A n Co Surtable eee oe is 
Applicants should be capable, of the M.C B programme run 
anaging Eiee observational pro- the of Clmical AGRI cO GE 
amme, uding date handimg, as ` HARPER ADAMS CULTURAL LLE 
ill carrying through scientific mated Council conditions of service N rt, p 
ides besed on observational data 2 cwpo Salo 
tran programming = cescotial. PE drther pape ig bo obtained, 
ee a a | oF a rat by contacting LECTURER GRADE 2 in CROP PROTECTION 
cae 28. 1907 and terminate Departneat os feat,” __Westera Applications are invited for a new post as Lecturer in Crop Protection. 
E (under Initial Edin- The person appointed will have responmbility for laboratory and feld 
à renew), _— E Ena i PAN oat aa mstruction and mentation. e 

obtained + ext. * Candxiates ve degree m Agricul or Hortwulturs together 
jJoting reference L79/D) from the Apolications, which ahouki be type- with pci cigs eae fale mgs | ee in Protection 
e 


addresses 101 to 46,658, pomt of entry dependent 
of ‘two referess shouk! be with on tions and 


experience 
Farther detas and appleoation form from The Bursar, Harper Adams 
Colleges, Newport, Salop, TFIC 8NB. TIOTA) 


zae, Lancaster LA! 4YW, to whom 
fee, aè (ive copies), nammg ies 


CHANGE OF ADDR 





The Advertisement offices for NATURE have moved to 


3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901. 




























An opportunity has arisen for a Chartered Librarian to take charge 
of our Company Library at Ware. 
The Library contains mainly scientific books and journals. It 
provides a service to scientists qualified in Biology, Chemistry, 
Medicine and Pharmacy, and also to members of Glaxo Operations 
Limited, a production Company on the same site. We are shortly 
to move into a modern, custom-built library which will have 
microfilm and reprographic equipment. 
Candidates must be Chartered Librarians and have several years’ 
relevant special library experience. 
The position carries a competitive salary which will reflect the 
age and experience of the successful candidate. Other benefits 
include Flexitime working, pension and profit sharing schemes, 
extensive sports and social facilities, and assistance with relocation 
expenses where applicable. 

Please apply to: 

Dr Ian Collins, Personnel Manager, 
Glaxo-Allenburys Research (Ware) Ltd., 
Ware, Herts. SG12 ODJ. 

Telephone Ware 3232. 


Glaxo-Allenburys Research (Ware) Limited 


Nature Vol. 275 





TATB(A) 





UNIVERSITY COLLEGE 
CARDIFF 


Applications are invited for the post of 


POSTDOCTORAL 
RESEARCH ASSISTANT 


to study collagen gene expression in 
cultured human chondrocytes in the 
DEPARTMENT OF BIOCHEMISTRY. 
The appointment, which is funded by 
a grant from the M.R.C. to Dr R. 
Harwood, is tenable for 3 years and 
is to be made as soon as possible. 
Previous experience of connective 
tissue or nucleic acid biochemistry 
would be advantageous, though not 
essential. 

Applications ( copies), together 
with the names and addresses of two 
referees, should be forwarded to the 
Vice-Principal (Administration} and 
Registrar, University College, P.O. 
Box 78, Cardiff CFI XL, from whom 
further particulars may be obtained. 
Closing date October 12, 1978. Please 





quote reference 1598. TITIA) 
GERMAN 
CANCER RESEARCH 
CENTER | 
HEIDELBERG. 
POSTDOCTORAL 
RESEARCH ASSISTANT 


Dept: Molecular Biology 
of DNA-Tumor-Viruses 
Or Gerhard Sauer, Head 


Applications are invited from biolo- 
gists or biochemists for the above post. 
The work will involve studies on the 
integration of the viral genome in 
the host cell DNA. The salary will 
be within the range of DM 2,900 to 
DM 3,100 depending on age. The 
appointment will be for up to two 
years starting on October 1, 1978. 
Applications, stating age, academic 
qualifications and the names of two 
referees should be sent to Department 
of Administration, Deutsches Krebs- 
forschungszentrum, 6900 Heidelberg, 


Im Neuenheimer Feld 280, Germany. 
F201(A) 





ST MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Paddington W2 IPG 

DEPARTMENT OF PHYSIOLOGY 
POSTGRADUATE 
RESEARCH ASSISTANT 


Applications are invited for the 
above post from candidates with a 
good Honours Degree in an appro- 
priate field. The ‘post is funded for a 
period of two years only by The 
Wellcome Trust and is available from 
October, 1978. The work involves 
research on the Physiology of Foetal 
Development, Salary would commence 
at £3,214 p.a. plus £450 p.a. London 
allowance. Applications, including a 
full curriculum vitae with the names 
and addresses of two referees to the 
Secretary, St Mary’s Hospital Medical 
School, Paddington, London W2 IPG, 
quoting ref. N/HB/J. TITOLA) 


UNIVERSITY OF 


NOTTINGHAM 
DEPARTMENT OF APPLIED 
BIOCHEMISTRY AND NUTRITION 


FOOD SCIENCE LABORATORIES 
A.R.C. RESEARCH 
ASSISTANTSHIP 

tenable from October, 1978. 

Applications are invited for the 
above post to study the dynamics of 
starch gelatinisation using one of 
more novel physicochemical tech- 
niques. 

Candidates may register for a Ph.D. 
degree but should preferably have a 
good honours degree in Chemistry. 
Physics or some related subject. 

Salary £3,384 to £3,883. 

Applications, naming two referees, 
should be sent as soon as possible to: 
J. M. V. Bianshard, Dept. of Applied 
Biochemistry and Nutrition, University 
of Nottingham, School of Agriculture, 
Sutton Bonington. Loughborough, 
Leics. LEI2 SRD, from whom further 
defails may be obtained. FITSCAY 


THE QUEEN’S COLLEGE 
GLASGOW 
LECTURER 


with good honours degree in Nutrition 
or Dietetics or a related science and 
preferably eligible for State Regis- 
tration in Dietetics to teach Applied 
Nutrition and Diet Therapy at Degree 
and Diploma level. This is a new 
appointment. 

Salary range: £4,056 to £7,167 (bar) 
to £7,698 per annum. (Full credit will 
be given for all relevant experience 
when calculating placement on this 
scaie,} 

A senior appointment may be avail- 
able for an exceptional candidate. 

Assistance with removal expenses. 

Further details and forms of appli- 
cation may be obtained from The 
Principal, 1 Park Drive, Glasgow 

6LP to whom completed forms 
should be returned not later than 
Monday, October 16, 1978. 7149(A) 


THE UNIVERSITY OF 


MANCHESTER 
DEPARTMENT OF 
PSYCHIATRY 
RESEARCH FELLOW IN 


NEUROPHYSIOLOGY 


Applications are invited for this post 
(tenable until December 1980) to study 
the electrophysiological consequences 
of adrenoceptor activation jin mar- 


malian nerve cells using intracellular | 


recording techniques. The appointee 
will collaborate with a small research 
team working within 


should possess a Ph.D., and have had 
research experience with neuro- 
physiological techniques, 
starting date: January 1} 


Salary range p.a. £3,883 to £6,555. | 


Applications, with curriculum vitac 


and the names of two referees should | 


be sent before October 31, to Dr E. 


Szabadi, Department of Psychiatry, 
University of Manchester. Stopford | 
Building, Oxford Road, Manchester 
M13 9PT. 


TI66{A) 








the field of | 
cellular neuropharmacology. Applicants | 


Preferred | 


21 September 197 





MAX-PLANCK-INSTITUTE 
West Berlin 


There is a vacancy for a 


PHYSICAL CHEMIST 
or BIOCHEMIST 


to work on physical properties 
proteins and nucleic acids, Applica: 
with previous experience in this fit 
will be preferred. 

The position is available frr 
January 1979 and is initially for t 
years with the possibility of renew 

Salary will in the range 
44,.000DM /year (=£11.000 = US$22.00 

Applications are invited befe 
December 1978 giving informati 
about qualifications and the addres 
of 2~3 referees. They should be se 
to: Max-Planck-Institut fiir Molekula 


Genetik, Personalbüro, Thnestra: 
63-73 D-1060 Berlin 33, Germany, 
F209(A) 





UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF PATHOLOG 
DIVISION OF VIROLOGY 


RESEARCH TECHNICIAN 


required from October 1, or as 80 
as possible, thereafter to join an act: 
group studying the regulation 
influenza virus gene expression, Qui 
fications: good degree, HNC or eq 
valent in biochemistry or microbiolo; 
Experience in tissue culture or virale 
advantageous. 

Starting salary up to £2,959 j 
annum. 

Applications and enquiries to 
B. W. J. Mahy, Division of Virolo. 
New Addenbrookes Hospital, H 
Road, Cambridge CB2 2QQ. Telephc 
0223-45171, extension 313. 7211(A, 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 
MICROBIOLOGY 


Applications are invited for the pi 
of a postdoctoral Research Fellow 
the Department of Microbiology. 

The research which is under | 
direction of Professor H. R. Perki 
will be concerned with the struct 
and biosynthesis of the bacterial | 
velope in relation to antibiotic acti 

The post is financed by the M.R 
and the initial salary will be witi 
the range £3,883 to £5,129 per annu 

Applications, together with | 
names of two referees, should be 
ceived not later than October 9, 
The Registrar, The University. P. 
Box 147, Liverpool L69 3BX, fri 


whom further particulars may 
obtained. Quote Ref: RV/929/N. 
TISHA 





UNIVERSITY OF 
NEWCASTLE UPON TYN 
DEPARTMENT OF BIOCHEMISTI 
RESEARCH ASSOCIATE 


Applications are invited for the p 
of RESEARCH ASSOCIATE for wi 
on the role of the recA and le 
genes of E. coli in DNA repair 2 
genetic recombination. The project 
supported by a grant from the M.R 
and the position is tenable for th 
years at a salary on the scale £3,% 
to £6,555 under review. The work w 
involve combination of genetical a 
biochemical techniques and previ 
experience in protein  purificatic 
molecular cloning and DNA seque 
ing would be particularly adv: 
tageous. 

Applications, including a curricuh 
vitae and the names of two refer 
should be sent to Dr P. T. Emmers 
Department of Biechemistry, U 
versity of Newcastle upon Tyne, Ne 
castle upon Tyne NE! TRU, 
T1I60(A 


The Advertisement offices for NATURE have moved to- 


3 DYERS BUILDINGS, LONDON, 
TELEPHONE : 01 831-6901 = 


ECIN 2NR 
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UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF 
AGRICULTURAL BIOLOGY 


RESEARCH ASSOCIATE 


Applications are invited for a post- 
toral Research Associate in the 
ove Department to study the effects 
climatic factors on the growth of 
nite clover, in a project supported by 
e Agricultural Research Council. 
xperience in micrometeorological 
shniques would be an advantage. 
The appointment will be for 3 years 
Mmmencing October 1, or as soon as 
yssible thereafter, at a salary within 
e Range IA scale £3,883 to £6,535 
nder review). 
Further particulars may be obtained 
om the Registrar, University of 
eweastle upon Tyne NEI 7RU, to 
hom applications, together with 
irriculum vitae (three copies} and the 
imes of three referees, should be sent 


. goon as possible. Please quote 
ference AGRIC/160 on all com- 
unications. TRIAJ) 





UNIVERSITY OF BATH 
SCHOOL OF CHEMICAL 
ENGINEERING 


TECHNICIAN 


A vacancy has arisen on a two year 
ntract to assist in the development 
d design of a protein recovery 
IEAS. 

Candidates should be qualified in 
mistry or Chemical Engineering to 
least O.N.C., of ‘A’ level standard 
th industrial or similar experience. 
Starting salary in the range £2.68° 
£2,835 per annum (under review) 
pending on qualifications and experi- 


oe. 

Application forms are obtainable 
mm the Personnel Officer, University 
Bath, Bath BA2 7AY, quoting 
‘erence number 78/184R/N., 

Closing date will be October 9, 
78, TISA) 





HARVARD SUMMER 
SCHOOL 
POSITIONS IN BIOLOGY 


Applications are invited for Summer 
hool teaching positions in Biology. 
Toductory courses are emphasised 
th possibility of intermediate offer 
$. Possible courses include: general 
logy, zoology, botany, cell biology, 
ysiology, and genetics. Compensa- 
n at Harvard median. Applications 
duding C.V. should be sent to: 
Dr Marshall R. Pihi, 

Associate Director, 

Harvard Summer School, 

20 Garden Street, 

Cambridge, Mass. 02138. 
JEADLINE: October 31, 1978. 


Tarvard University is an Equa! 
portunity/Affirmative Action Em. 
yer. TITOCAS 





NIVERSITY OF LEICESTER | 


THE MEDICAL SCHOOL 
DEPARTMENT OF ANATOMY 
A vacancy exists for a 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


work with Professor Felix Beck on 
iy embryonic nutrition and tera- 
ogy. The project, financed by the 
R.C., will involve embryonic 
ture, autoradiography and electron 
croscopy. Candidates should have 
xerience of A.R.G. in particular. 
nifial salary £3,660 a year (under 
iew). . 
Applications to Professor F. Beck, 
partment of Anatomy, University 
ad, Leicester LE! 7RH. as soon as 
sible, 7205(A) 





MO ADORI 


THE UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF 
BUILDING SCIENCE 
Building Aerodynamics 


Research 


Applications are invited from men 
and women for a Research Post in 
the field of Building Aerodynamics. 
This post has been created by a Build- 
ing Research Establishment contract to 
investigate the dynamic wind loads on 
buildings using wind tunnel techniques 
and is currently tenable, for a three 
year period. Some postgraduate experi- 
ence in the use of experimental 
methods and data analysis is desirable 
and an appropriate background would 
be expected in one of the engineering 
or applied physics disciplines. Salary, 
dependent on age and qualifications, 
for a Postdoctoral appointment: on 
Range IA up to £4,130 pa. for a 
Postgraduate appointment on Range 
1B up to £3,660 pa. These salaries 
will have anomahes correction of 
approximately 6% added to them 
following October 1, 1978, 

Further particulars may be obtained 
from the Registrar and Secretary, Uni- 
versity of Sheffield, Shefficid 510 2TN 
to whom applications should be sent by 
October 6, 1978. Quote ref: R 199/G. 

TISHA) 





UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 
METALLURGY AND 
MATERIALS SCIENCE 


Applications are invited for 
posts of Senior Research Assistant, 
{a) On a project concerned with the 
effects of gas-ion bombardment 
On the microstructure of 
materials. Experience of trans- 
mission electron microscopy al 


two 


the postgraduate level will be 
required. 

(6) To undertake theoretical re- 
search on an S.R.C. sponsored 
project concerned with the 
structure of defects in crystalline 
polymers. 


The initial salaries will be within 
the range £3,883 to £4,882 per annum. 

Applications should be received as 
soon as possible, by The Registrar, 
The University, P.O, Box 147, Liver- 
poo! L&S 3BXM, from whom further 
particulars may be obtained. Quote. 
Ref: RV/932, A or B/N. 

FIO3CA) 





UNIVERSITY OF BRISTOL 
TSETSE RESEARCH 
LABORATORY, LANGFORD 
INSECT PHYSIOLOGISTS 

Applications are invited for two 
res¢arch assistantships to work with 
Dr P. A. Langley on various aspects 
of the physiology of tsetse Alles. Areas 
of research are exploitation of the sex 
recognition pheromone in development 
of new control measures and the role 
of the neuroendocrine system in con- 
trol of reproduction in tsetse. The 
first post is tenable from January l. 
1979 and the second at a date to be 
arranged in 1979, for three years. 
Selected candidates will be graduates 
with a first or upper second class 
honours degree and will have the 
opportunity to register for a higher 
degree within the University of Bristol. 
Salary will be commensurate with age 
and experience on the appropriate 
scales for research and analogous staff, 
eg £3,384 per annum at age 24. 

Applications, with curriculum vitae 
and the names of two referees, should 
be sent, before October 31, 1978 te 
The Director, Tsetse Research Labora- 
tory, Langford House, Langford, 
Bristol BS18 7DU. TISHA) 








The Advertisement offices for NATURE have moved 


3 DYERS BUILDINGS, LONDON, ECIN 2NR 
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| 





Lead a small, elite | 


‘in high-temperature 


chemistry research 


if you're (1) a recognized leacer in your own area far 
research, (2) have a strong background in physical and 
solid state chemistry including modem thermo-dynamics, 
and (3) have successfully lead group research efforts... 
you may well be the candidate we're seeking. 





























We're the Chemistry Division of Argonne National 
Laboratory—one of the nation’s largest mult-disciplinery 
centres for basic and energy-related research. As the 
successful candidate for our High-Temperature Materials 
Chemistry group you'll be assuming Staff/Groug Leader- 
ship responsibilities within a year of your appointment. 
You will also have an opportunity to develop new basie 
research programs and carry out your own research work. 
immediate specific responsibiities include jeading a 
group of six highly-qualified researchers, and cœ- 
ordinating experimental and theorstical studies of: 

{A} Lattice defect and electronic structures of 

non-stoichiometric phases. 


{8} Thermodynamic properties of inorganic 
solids, liquids and gases at temperatures 
from 500 to 2,600°C. 

{C} Transport properties (diffusion end corn- 
ductivity) of non-steichiometric phases and 
kinetics of solid-gas reactions. 

(D) Interpretive and computational thermo- 


dynamic studies on the derivation of equetions 
of state and transport. 


For prompt, confidential consideration of your quali- 
fications please send detailed rasume outlining academic 
and other credentials to: Dv. Arthur D. Tavebaugh. 
Associate Director, Chemistry Division or to Afr. 
Renald A. Johns, Marn- 
ager Employment Place- 
ment, Argonne National 
Laboratory, 9700 8. Cass 







erate Avenue, Argonne, B 
ARGONNE 60439. 
NATIONAL An equal 
L ABORATORY opportunity employer, m/f 





7204(A) } 


GREATER GLASGOW HEALTH BOARD 
EASTERN DISTRICT 


RESEARCH BIOCHEMIST 
Glasgow Royal Infirmary, Glasgow G4 OSPF 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for the above pos: to develop tests of thyroid 
function suitable for a programme of neonatali screening for congenital 
hypothyroidism in Scotland. This collaborative project involving the 
department of Pathology, Biochemistry and Medical Genetics, University 
of Glasgow and Department of Bacteriology. Stobhill General Hospital, 
Glasgow is supported by the Biomedical Research Committee of the 
Scottish Home and Health Department. 

Applicants should have a good honours degree in Biochemistry ar 
related subjects and preferably a higher research degree. The salary will 
be within the basic grade scientist scale commencing £3,486 to £4,275. 

Candidates are invited to visit the laboratories by arrangement with 
Dr J. G. Ratcliffe, Telephone No. 041-552 3534, Extension 3278, from 
whom further particulars are available. 





Applications in writing giving two names for reference should be sub 
mitted to Dr L G. Ratcliffe, Department of Biochemistry, Glaseow Royal 
Infirmary, Glasgow G4 OSF within two weeks of appearance of this | 
advertisement. TISAY i 
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PERKIN ELMER LIMITED 


OF BEACONSFIELD 


We are a Company known the world over and recognised as one of the leading manufacturers 
of advanced analytical instruments used in industrial, medical and academic fields. We are 


an expanding company employing over 720 people. 


Fringe benefits include 20 days holiday a year, plus one week off (with pay) at Christmas, subsidised 
canteen, and generous sickness benefit. All employees work a 374 hour week and all are entitied to 


payment for overtime when required. 


PRODUCT SPECIALISTS 
Start a New Career in Sales 


Due to expansion three vacancies exist: one for 1R/NMR Spectroscopy, one for Electron Microscopy 


and one for Liquid Chromatography. 


Applicants, male or female, must have instrumentation experience in one of the above-mentioned 


areas, and be aged 23-35 years with a recognised qualification. 


The successful candidates will provide a technical and practical sales support to our Field Sales 
Force by running instrument demonstrations at our Beaconsfield facilities and at customer's laboratories 
when necessary. They will aliso be called upon to run product seminars and staff exhibitions. 


i would be pleased to assist you in matching your qualifications and experience to our most 


suitable vacancy—so, if our products interest you and you would 


like to join a team of lively 


and energetic people, why not write to me or telephone for an application form. 


7156(A) 


Please apply to: Allan Brooks. Snr. Personnel Officer, Perkin-Elmer Limited, 
Post Office Lane. Beaconsfield, Bucks. Tel: Beaconsfield 6161 


EEC PHARMACEUTICAL COMPANY 


| seeks 
DIRECTOR OF RESEARCH 


The successful candidate will report directly to the 

Managing Director and should have particular 

capabilities in: 

-~ Creativity and initiative substantial experience in 
pharmaceutical research. 

— Strong background in pharmacology, 

~- The company is medium sized, located in Paris and 
is already actively engaged in international 
development and licensing. 

—— It’s research facilities employ approximately 100 


people. 
— Nationality indifferent, fluent English and French 
essential. 


Please write to: SODECT, 140 Rue de la Croix Nivert, 
75015 Paris (France). TIMA) 





hae vesna ataa aa rt en dr ea er s 


HARPER ADAMS AGRICULTURAL COLLEGE 
Newport, Salop 
SENIOR LECTURER in AGRICULTURAL CHEMISTRY 


Applications are invited for the above post available from January 1, 1979, 
The person appointed will be responsible for the teaching and research work 
in the Agricultural Chemistry Unit. 
Candidates should have a degree 
particular interest in Animal Nutrition. 
Salary in Burnham F.E. Seale £6,051 to £7,315, point of entry dependent 
on qualifications and experience. 
Further details and application form Ligne Bursar, Harper Adams 
icu | liege, Newpert, Salop, TFIO KNB, 
Agricultural Colleg por p R, 










in Agricultural Chemistry with a 













KING’S COLLEGE HOSPITAL 
MEDICAL SCHOOL 


(University of London) 
Denmark Hill, London SES 8RX 
RESEARCH BIOCHEMICAL 

TECHNICIAN 
to work in Cardiac Research Labora- 
tory in King’s College Hospital (Dr D. 
Jewitt}. Project involves assessment of 
new drugs designed to prevent ab- 
normal heart rhythms after coronary 


thrombosis. The technician will be 
responsible for plasma drug level 
estimations. Experience of spectro- 


fluorimetric and gas chromatographic 
techniques an advantage. HUN. 
qualification required. Salary accord- 
ing to age, qualifications and experi- 
ence. Further details may be obtained 
from Dr D. Jewitt, telephone 01-274 
6222 ext. 2500. 

Applications to the Secretary of the 
Medical School at the above address. 
Please quote reference EJ/N. 

TiG2(A) 


UNIVERSITY OF 


BIRMINGHAM 
FACULTY OF SCIENCE AND 
ENGINEERING 
CHAIR AND HEADSHIP 
OF THE DEPARTMENT OF 
MATHEMATICAL. 
STATISTICS 

Applications are invited for the Chair 
and Headship of the Department of 


Mathematical Statistics which 
become vacant from October I, 


will 


Daniels. 

Salary in the professorial range plus f 
superannuation, 

Further particulars available from 


the Registrar, University of Birming- 
ham, P.O. Box 363, Birmingham Bt5 
2TT, to whom applications (12 copies: 


1 from overseas applicants}, naming 
three referees, should be sent by 
October 30, 1978. Tid3t Ad 


1978 | 
on the retirement of Professor H. E. 


PE eee et CCU 


The Advertisement offices for NATURE have moved to 
3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 


COMMONWEALTH 
AGRICULTURAL 
BUREAUX 
Vacancy for 
SCIENTIFIC 
INFORMATION OFFICER 
at the 
Commonwealth 
Institute of Helminthology 
The White House 
103 St. Peter’s Street, 
St. Albans, Herts. 


Duties: To assist in the preparation < 
Heiminthological Abstracts, Series } 
Plant Nematology, and the Institute 
other publication in nematology, 
Qualifications: Good degree in biolog 
and ability to write clear and concis 
English essential. Training in plat 
nematciogy and knowledge of one c 
more other European language 
advantageous. 
Salary: In scale £2,839 to £5,448 piy 
London Weighting of £275 per annan 
and a compensatory allowance (taxabl 
but not superannuable) of 3.3% c 
basic salary to offset personal cor 
tribution to Superannuation Scher 
Starting salary according to agi 
experience and qualifications. 
Application forms and details from 
The Director, 
Commonwealth Institute 
of Helminthology, 
The White House, 
103 St, Peter's Street, 
St. Albans, 
Herts, ALL JEW. 
Closing date, October 20, 1978. 
7210{A} 


vaas: 


CHELSEA COLLEGE 
University of London 
POSTDOCTORAL 
RESEARCH ASSISTANT 


is required to join a group workin; 
on lipids of plant membranes. Par 
ticular experience in the biochemistr 
and biophysics of lipids and lipid-wate 
systems would be an advantage. Thi 
post is supported by the Agricultura 
Research Council and the appointmen 
will be for a project approved for ; 
period of three years. Salary in thi 
range £3,660 to £4,130 per annun 
plus £450 London Allowance. Appli 
cation forms and further details fron 
the Personnel Officer, Chelsea Colleg 
Annexe, Friese Green House, Chelse: 





Manor Street, London SW3 3TW 
Closing date October 9, I[978. 
TI64(A) 


Applications are invited for: 
FREE-LANCE EDITORIAL 
WORK 


on scientific manuscripts and proof 
for the Geology Department. Essentia 
requirements are English as mothe 
tongue, an appreciation of goo 
English style, a meticulous eye fo 
detail, and some background in Eart} 
Sciences. Applications, in writing, wit! 
details of experience and qualification: 
{including specialist field of study 
should be addressed to Mr P. Hardorif 


Elsevier Scientific Publishing Com 

pany, P.O. Box 330, 1000 AF 

AMSTERDAM, The Netherlands. 
JIGRLA) 











RESEARCH TECHNICIAN for De 
partment of Anatomy to assist grow] 
in study of the development o! 
lymphocytes. Extensive tissue culture 
and the use of a variety of Imme 
nological techniques are involved 
Previous experience and appropriati 
qualifications essential. 

Instruction will be given in tech. 
niques related to Tissue Culture anc 
Immunology. Salary in the range ol 
£2.689 to £3,087. 

Ref. 401/C/327. Application forr 
from, Assistant Secretary, Personne 
Office, University of Birmingham 
P.O. Box 363, Birmingham, 

7i88(A) 
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- POSTDOCTORAL 
=. POSITION 
Available immediately for research 
isolation and characterisation of 
wphocyte membrane receptors. A 





ong background in immuno- 
emistry or protein chemistry is 
guired. Send résumé wh three 
erences to: 


Dr J. 4. Marchalonis 
Position 1035 
Cancer Biology Program 
FREDERICK CANCER 
RESEARCH CENTER 
PO Box B 
Frederick, Maryland 21701 
« Equal Opportunity Employer M/F 
l FTIRA? 





UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF PHYSICS 
AND ASTRONOMY 
= TWO 
POSTDOCTORAL 

RESEARCH ASSISTANTS 
quired as soon as possible for the 
welopment of systems and applica- 
ans software for the Interactive 
mnetary Image Processing System 
PIPS} being built jointly by the 
ippleton Laboratory and University 
ollege London. Candidates should 
assess a Ph.D; also for applications 
#tware preferably a good knowledge 
dynamical meteorology, image pro- 
wssing and FORTRAN programming 
ad for systems software a good know- 
dge of systems programming. 
Starting salaries will be in the range 
+359 to £4,858 including London 
liowance. 


Applications with Curriculum Vitae | 


ad the names and addresses of two 
ferees should be sent to Dr G. E. 
ant, Department of 
stronomy, University College London, 
tower St, London WCIE 4BT. 
TIITA) 


UNIVERSITY OF SURREY 

DEPARTMENT OF 
BIOCHEMISTRY 

RESEARCH FELLOW 


Applications are invited for a 
ysition to work with Dr R. 5. Jones 
ad Professor D. V. W. Parke on an 
RAC. supported project concerned 
ith an aspect of environmental 
cinogencsis. Applicants (male or 
male) should be graduates of either 
rvemistry or biochemistry and possess 
Ph.D. /D.Phil. Experience in 
.P.L.C.. and/or other analytical tech- 
ques would be beneficial but not 
sential, 
The appointment is for a period of 
years, commencing on January $, 
779 at a starting salary of £3,660 
annum (Range 1A). 
Applications, in the form of a 
irriculum vitac, including the names 
ws addresses of two referees, should 
* gent to the Assistant Secretary 
‘ersornmely, University of Surrey, 
ulidford, Surrey GU2 S5XH to be 
ceived by: October 5, 1978. 
Further information may be obtained 
om Dr R. S, Jones, in the Depart- 
ent of Biochemistry. TIRNA) 


UNIVERSITY OF 
ABERDEEN 


RESEARCH ASSISTANT 
IN PHYSIOLOGY 


Applications are invited for the 
wve post from Graduates in Physi- 
ogy, Pharmacology or Biochemistry, 
t Work with Dr D. M. Campbell and 
r M. A. Radcliffe on maternal fat 
Hi function in pregnancy. Appoint- 
wnt is tenable for three years to 
ymmence as soon as possthle, 
Commencing salary £3,384 rising to 
LAR per annum, on Range IB Scale 
r Research and Analogous Staff. 
Further particulars from The Secre- 
ry, The University, Aberdeen, with 
hom applications (2 copies) should be 
dged by October 6, 1978. 

TI44(A) 














Disranna h 


Physica and — 


CHANGE OF ADDRES 


UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF 
PLANT SCIENCE 


POSTGRADUATE OR 
POSTDOCTORAL 
BIOCHEMIST 
Applications are invited for a 
POSTGRADUATE or 
POSTDOCTORAL 
RESEARCH ASSISTANTSHIP 


to work on nucleic acid metabolism 
in tomato seeds under the supervision 
of Dr J. A. Bryant. The post is avail- 
able for 18 months in the first instance, 
with the possibility of renewal. Salary 
within Research and Analogous Staff 
Range IB: £3,384 to £4,631. Duties to 
commence as soon as possible. 


Applications (2 copies}, together with 
the names and addresses of two ref- 
erees, should be forwarded to the 
Vice-Principal (Administration) and 
Registrar, University College, P.O. Box 
78, Cardiff CF1 XL, from whom 
further particulars. may be obtained. 
Closing date October 5, 1978. Please 
quote reference 1601. 71i84{A)} 








ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 


LECTURER IN 
ANALYTICAL CHEMISTRY 


IN THE DEPARTMENT OF 
CLINICAL PHARMACOLOGY 


Applications are invited for the 
above post, from persons possessing a 
Ph.D. degree in Chemistry or Bio- 
chemistry, and postdoctoral research 
experience in the use of sophisticated 
analytical techniques, especially GC- 
MS, in medical research. Some knowi- 
edge of synthetic organic chemistry 
would be an advantage. The successful 
candidite will be responsible for the 
direction of the Department's analyti- 
cal laboratory which is equipped with 
a full range of instruments including 
Finnigan 3200 and Finnigan 4000 GC- 
MS-computer systems, and will also be 
encouraged to develop an independent 
line of research. Salary in the range 
for non-clinical lecturers (from Octo- 
ber 1, 1978): £3,883 to £7,754 a year 
plus £450 London Allowance. Super- 
annuation under U.S.S. 


Applicants should apply by letter 
enclosing six copies of their curriculum 
vitae, to the Secretary, Royal Post- 
graduate Medical School, Hammer- 
smith Hospital, Du Cane Road, Lon- 
don W12 OHS, quoting ref. no. 
20/3/N. Closing date October 7, 1978. 

TIS2(AY 


EAST MALLING 
RESEARCH STATION 
PLANT PATHOLOGY 
DEPARTMENT 


A VIROLOGIST 


to join team working on virus and 
and virus-like diseases of fruit and 
hop plants. 


Applications invited from graduates 
with honours degree or ordinary deg- 
ree or HNC in virclogy, microbiology, 
or plant pathology. 


Appointment Scientific Officer grade 
{£2,839 to £4,415) or Higher Scientific 
Officer grade (£4,101 to £5,448) de- 
pending on qnalifications and ex- 
perience. 


Details and application form from 
Secretary, East Malling Research 
Station, East Malling, Maidstone, Kent 
MEI9 6BJ. TIFA) 





The Advertisement offices for NATURE have moved to 


3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 





Scientific Officer] 
Officer 


Applications are invited for a pensionable oost in the Field Botany 
Division of the Department of Agricultur3 situated at Newforge 
Lane, Belfast. 





The successful candidate will carry out research in the field and 
under controlled environmental conditions aimed at increasing 
productivity and utilisation of pasture ix hill land in Northern 
ireland. The successful candidate may also be required to under- 
take lecturing duties in the Faculty of Agriculture and Food 
Science, Queen's University, Belfast. 


HIGHER SCIENTIFIC OFFICER 


Under 30 years of age at 31 December 1978 and possess a ist or 2nd 
Class Honours Degree in Agricultural Botany, Agriculture or 
Botany and at least 2 years’ appropriate postgraduate experience. 


SCIENTIFIC OFFICER 
Under 27 years of age at 31 December 1978 with an Honours 
Degree as above. 


Preference may be given to candidates with knowledge of soli 
science. 


Exceptionally applications may be considered from candidates 
over the age limits who have specialisec experience. 


SALARY SCALES 
Higher Scientific Officer—£4,101 to £5,448 
Scientific Officer—£2,839 to £4,41E 


Please write or telephone for an application form quoting job 
reference SB 314/78/N to the Civil Service Commission, Rosepark | 
House, Upper Newtownards Road, Belfast BT4 3NR. (Telephone 
Dundonald 4585 ext. 256). Completed sorms must be returned to 
arrive not later than October 5, 1978. TIIRA) 





Scottish Institute of Agricultural Engineering 
SOILS SECTICN 


SENIOR SCIENTIFIC OFFRCER/PRINCIPAL 
SCIENTIFIC OFFICER (Ref. AG/18/A) 
(Re-Advertiserment) 


Applications are invited for the post of Senior Seientific Oficer/ 
- Principal Scientific Officer to lead a team investigating the effects of 
agricultural machinery on the physical properties of field soils with par- 
ticular reference to cultivations, tero-tillage and compaction. 
QUALIFICATIONS: A first or upper secend-class Honours Degree, and 
preferably a higher Degree, or equivalert qualifications in a relevant 
branch of Science or Engineering. The applicant should have had com- 
siderable experience of research in soil physics or soil mechanics. 
SALARY SCALES: Appointment in the gade of Senior Scientific Officer 
(£5,154 to £6,898) or Principal Scientific Oficer £6,609 to £8,461) accord- 
ing to qualifications and experience. Nen-contrittutory superannuation, 
Application forms and further informatoon from:—- 

The Secretary, Scottish Institute of Agricultural 

Bush Estate, Penicuik, Midlothiae EH246 OPH. 
to whom applications should be submitted oy October 6, 1978. TIZUHA} 























Engineering, 
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EUROPEAN MOLECULAR BIC 
EMBL 





Nature Vol. 275 21 September 19. 


LOGY LABORATORY 


The European Molecular Biology Laboratory is an international research 
institute founded by 10 member states (Austria, Denmark, France, Federal 
Republic of Germany, Israel, Italy, Netherlands, Sweden, Switzerland, United 
Kingdom) with its Central Laboratory in Heidelberg, Germany and two out- 


stations in Hamburg, Germany and Grenoble, France. 


Applications are invited for the post of 


DIRECTOR OF ADMINISTRATION 


Applicants should be nationals of the member states, in the age range 45-55 
and should have substantial responsible experience in management and 
preferably of scientific administration. Experience of international organisa- 
tions would be an advantage. Fluency in at least two of the three official 
languages (French, English, German) as well as a reasonable working 


knowledge of the third, is essential. 


The successful applicant will be located in the Central Laboratory at Heidel- 
berg and will be offered the basic salary, net of tax, of DM 6300 monthly or 
higher according to qualifications. Additional allowances are payabie 


according to personal circumstances. 
Applications should be addressed to: 


Sir John Kendrew, EMBL, Postfach 10.2209, D-6900 Heidelberg, Germany. 7140A) 


TECHNICIAN 


(HISTOPATHOLOGY) 


Qualified to at least ONC lavel, with the relevant 
background, to assist in the work of the Histopatho- 
logy Laboratory of the Division of Viral Products. 
This involves the preparation and examination of 
tissues from experimental an mals inocculated with 
human virus vaccines. Although training will be 
provided, experience in the preparation and pro- 
cessing of tissues and competence in handling 
laboratory animals would be an advantage. 


The post offers prospects for promotion. Salary 


up to £5,034 depending upon experience and 
qualifications. 


The Institute is situated in pleasant surroundings, 
close to Hampstead Underground Station, but is 
expected to move to new premises outside London 
in 4-5 years’ time. Please write, or telephone, for an 
application form, quoting reference number 0140, to 
The Personnel Officer, 
National institute for Bio- 
logical Standards & Control, 
Holly Hil, Hampstead, 
London NW3 6RB. Tel: 
01-435 2232 extn. 211. 

Ti99{A} 


_ National Institute for Biological Standards and Control 











UNIVERSITY OF OXFORD 
DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 
GRADE 1A 
(3 Year Appointment) 


Applications are invited for a Post- 
doctoral Research Assistant supported 
by the S.R.C. and tenable for three 
years, to work with Dr Peter C. 
Newell on genetic aspects of develop- 
ment in the cellular slime mouli 
Dictyostelium. The project will em» 
ploy the parasexual cycle of this 
eukaryotic micro-organism to study 
the genetic loci involved in the pro- 
duction of a simple morphogen that 
controls the course of differentiation. 
The appointment will commence on 
November 1, 1978, or soon after, on 
the salary scale £3,660 to £4,601 (under 
review). Applications, including the 
names of two referees, should be sent 
to The Administrator, Department of 
Biochemistry, South Parks Road, 
Oxford OXI 3QU by October 28, 
1978. 71954A) 


amamma 


OXFORD UNIVERSITY 
PHYSICAL CHEMISTRY 


LABORATORY 

POSTDOCTORAL 

RESEARCH ASSISTANT 
Applications are invited for a two- 
year post to study the binding of a 
hormone or drug to a receptor site 
by the method of computer simula- 
tion. The project is supported by the 
Medical Research Council, and the 
post wil] be on the 1A Scale at a 
starting salary of up to £4,130 and 
with membership of U.S.S. Applicants 
experienced in computer programming 
should write for further particulars te 
Professor J. Rowlinson, Physical 
Chemistry Laboratory, South Parks 

Road, Oxford OX! 392Z. TIBOCA) 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF PATHOLOG: 
RESEARCH ASSISTANT 
(£4,382 to £5,367) 


Applications are invited for t 
above post from biological scientis 
with experience in cell membrane 
protein biochemistry, and immunolog 
The successful applicant will join 
new M.R.C. funded S-year programe 
to investigate the use of membra: 
antigens as a possible EB-virus vacci 
as part of a wider study; technic 
help will be available. The appois 
ment will be for one year initial? 
renewable annually. Replies in writin: 
giving the names and addresses of tv 
referees to Professor M. A. Epste# 
Department of Pathology, The Medic 
School, University Walk, Bristol B: 
IFD, by October 6, 1978. TI8SCA} 





McGILL UNIVERSITY 
BIOCHEMISTRY DEPARTMENT 
STAFF POSITION 


ASSISTANT PROFESSOR 


to teach graduate and undergradus 
courses, supervise students and may 
tain an active independent reséar 
program. Preference will be given 
the general area of enzyme regulati 
in mammalian cells. Candidates shor 
have at least two years of postdocto: 
experience. Curriculum vitae, incl: 
ing the names of at least three persi 
who can be contacted for tetters 
reference, should be sent to: 

Dr W. Mushynski, 

Search Committee, 

Department of Biochemistry, 

Mcintyre Medical Sciences Buildire 

McGill University, 

3635 Drummond Street, 

Montreal, Quebec 

Canada 3G 1Y6. 7203A} 





PLANT BREEDING 
INSTITUTE 
Maris Lane, Trumpington 


Cambridge CB2 2LQ 
CYTOGENETICS DEPARTMENY 


SCIENTIFIC OFFICER 


A Scientific Officer is required 
undertake under the supervision 
Dr. M. D. Bennett experiment 
studies of reproductive cell devele 
ment in cereais with special empha 
on premelotic and meiotic ehror 
some behaviour, and of variation 
the amount and type of chromosom 
DNA within and between higher ple 
species, particularly crop plants a 
their relatives, using a wide rar 
of cytochemical, autoradiograph 
light and electron microscoy 
techniques. 

Candidates should have an honot 
degree or equivalent in bioleg 
chemistry and/or physics; or a pi 
degree, HNC or equivalent w: 
relevant post-qualifying experiens 
Laboratory experience in electr 
microscopy or cytology would be 
advantage. 

Starting salary will be according 
qualifications and experience on 
scale rising from £2,839 pa. 
£4,415 pa. Non-Contributory Pensi 
Scheme. 

Applications with curriculum vit 
and names addresses of three refere 
should be submitted to the Assista 
Secretary (Establishment) not ial 
than 9th October 1978. TISAY 





TEMPORARY MEDICAL 
LABORATORY SCIENTIFK 
OFFICER IN 
HISTOPATHOLOGY 


Qualified technician required for 
months only. Hospital experience 
Histopathology essential. 

Application form from the Personn 
Department, Royal Marsden Hospite 
Fulham Road, London SW3. (T 
01-352 8171 Ext. 447). TIBTCA) 


The Advertisement offices for NATURE have moved to 
3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 
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_ UNIVERSITY 

_ OF MANCHESTER 

DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 

_ POSTDOCTORAL 

RESEARCH ASSISTANT 

. IN BIOCHEMISTRY 


A postdoctoral research assistant 
ansored by the Medical Research 
tuncil is required from October 1978 
earlier if preferred. The work, 
der the supervision of Jacqueline B. 
eiss, involves the characterisation 
H spatial recognition of new colla- 
wo alpha chains and the person 
pointed will be part of a multi dis- 
inary team of whom one is an 
tron microscopist, Experience in 
Hagen biology or biochemistry would 
very welcome but experience in 
neral protein chemistry would also 
acceptable. The appointment is for 
ree. years only. The salary scale is 
the range £4,365 to £4,834 p.a. 
aplications, including curriculum 
me, to Jacqueline B. Weiss, Senior 
«turer, Department of Medical Bio- 
emistry, Medical School, Stopford 
alding. Oxford Road, Manchester 
13 OPT. JOTS(A) 





_|Southampton 


THE 
UNIVERSITY 





TA 


CHAIR OF GEOLOGY 

Applications are invited for a further 
air of Geology which is ta be 
pees during the academic year 


Salary within the professional range. 


Applicants may have teaching and 
search interests in any field of study 
propriate to a University Depart- 
ant of Geology. 

Further particulars may be obtained 
jm the Secretary and Registrar, The 
aiversity, Southampton SOS SNH, 
d applications (10 copies from 
plicants in the United Kingdom) 






be submitted before November 5, 
ce TIIA) 





"HE UNIVERSITY OF THE 
WEST INDIES, TRINIDAD 


Applications are invited for the post 


LECTURER/ASSISTANT 
ECTURER IN INORGANIC 
CHEMISTRY 


Post is to be filled for Academic 
ar’ 1979/80. Salary Scales: Lecturer: 
P$i9.071 to 29,799 p.a, Assistant 
eturer:. TT$i5.480 to 16,974 p.a. 
| sterling=TT$4,62). F.S.S.U. Un- 
tnished accommodation if available 
10% or furnished at 124% or hous- 
p allowance of 20% of pensionable 
lary, Up to five full economy 
Ssage$ On appointment and on 
rmal termination. Study and Travel 
anti Detailed application (2 copies) 
th- curriculum vitae and naming 
ree referees to be sent direct as soon 
possible to Secretary, University of 
2 West Indies, St Augustine, 
inidad. 











Hf ba rk to 








Our Environmental Safety Division has a vacancy for a 


Biological Evaluation Scientist. 


ina bio, biochemical science and three or more years post graduate 
experience leading to a Ph.D or at an equivalent level. Training or 
experience in toxicology particularly the skin area would be an 


The Division carries out basic research in toxicology and is 
responsible for the toxicological safety of Unilever Products. 

The Scientist appointed will be responsible for the planning 
and implementation of tests to assess the safety of substances on 


advantage, but is not essential. 


The Colworth Laboratory is located on a very attractive 1200 
acre country estate ten miles north of Bedford. A competitive salary 
will be offered and an excellent benefit package includes BUPA and 
assistance with re-location expenses, where appropriate. 

Please write quoting Ref. CH-228M and giving details of 


career history to: 





UNIVERSITY OF DUNDEE 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 
Applications are invited for a 


RESEARCH ASSISTANT 


to work in the above Department 
under the supervision of Dr M. J. 
Daft. 
The post is financed from an ex- 
ternal grant and will be available for 
up to three years. The investigation 
is on interactions and competitive 
effects amongst different endomy- 
corrhizal crop plants. Applicants should 
have an Honours Degree in Biology. 
Salary scale £3,189 to £3,660. — 
Applications, in writing, containing 
the names of two referees should. be 
sent to The Secretary, The University, 
Dundee DDI 4HN. Please quote Ref: 
EST /58/78]. TIS8CA) 


UNIVERSITY OF 

NOTTINGHAM 
RESEARCH ASSISTANT IN 
BIOLOGICAL CHEMISTRY 


To work on the isolation and identi- 
fication of novel antibiotics from 
hybrid fungi and actinomycentes.. The 
position which is tenable for two years 
in the first instance requires a gradu- 
ate with a good degree in either 
Chemistry or Biochemistry, preferably 
with a knowledge of microbiology. 

. Salary £3,384 per annum (Under 
review}. 

Further particulars and forms of 
application, returnable not later than 
September 30, 1978, from the Staff 
Appointments Office. University of 


Nottingham, University Park, Notting- 


ham NG7 2RD. Ref. No. 630. __ 
| | T153(A) 


na the Advertisement offices for NAI URE have 
- TELEPHONE : 01 831-6901 


| 
skin. 
Candidates, of either sex, should have a good Honours degree 


Miss J. Kenny, 

Personnel Officer, 

Unilever Research, 

Colworth Laboratory, 
Colworth House, Sharnbrook, 
Bedford MK 44 1LQ. 








drug met 


Applicants should already be working in this field and 
should have a PhD or equivalent qualification. 
Knowledge of French is not essential, 

DELALANDE is an international pharmaceutical 
company actively engaged inresearch. The Research 
Centre is situated in aftractive surroundings close to 
Paris and is within easy reach of main road and rail 


routes. 


Applications should be sent to: 
M. STROLIN BENEDETTI 


Head, Biochemical Pharmacology 

Centre de Recherche DELALANDE 
10, rue des Carriéres 

92500 RUEIL-MALMAISON 


FRANCE 





Scientist 





Lown STAA Re TA A BME IR Bad ENEA AAEN Nal ile ia a ite RP 
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wishes to recruit an additional researeh worker in the area of. 


pharmacokineti 
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Department of Agriculture and 
Fisheries for Scotland 


Agriculturist 





a specialised role 
in potato agronomy 


The Agricultural Scientific Service undertakes a 
wide variety of experimental projects including 
seed testing, National List testing of new varieties 
of crops, seed and planting stock certification 
schemes and the development of plant health 


standards. 


This post offers an experienced agriculturist the 
opportunity to develop and manage the produc- 
tion and distribution in Scotland of virus-tested 
nuclear and commercial seed potato stocks under 
quarantine conditions. The successful candidate 
will also help to monitor nuclear clones for potato 
leaf roll virus, will control work on the Depart- 
ment’s potato variety and disease collections,-plan 
and organise experimental projects, mainly in 
physiology and agronomy, and assist in training 
potato inspectors and specialist agricultural staff. 
Candidates, normally aged under 32, should pre- 
ferably have a good honours degree in agriculture, 
botany or close related subject, and must have a 
sound knowledge of potato agronomy and physi- 
ology and a good appreciation of potato diseases 


and their control. 


Appointment as Senior Scientific Officer (£5150- 
£6900) with starting salary according to qualifica- 
tions and experience. Promotion prospects. Non- 
contributory pension scheme. 

For further details and an application form (to be 
returned by 12th October 1978) write to Scottish 
Office, Personnel Division, PM(PTS)3, Room 
404, 16 Waterloo Place, Edinburgh EHr 3DN, 
telephone Edinburgh (031) 557 2090 ext 283/248. 


Please quote ref: SA[17/DLA. 


TISHAJ 








UNIVERSITY OF LONDON 
INSTITUTE OF NEUROLOGY 
Muscular Dystrophy Research Lab- 
oratories, Institute of Neurclogy, Lon- 
don. Postdoctoral position is available 
far a biochemist to study cell surface 
giycoproteins and glycolipids of muscle 
from a recessive genetic disorder grown 
in culture. Experience with techniques 
of surface labelling and isolation of 
membrane lectins would be of value. 
Position is available October 1. Start- 
ing salary is £4,155 (at age 26} plus 
London Allowance. Send curriculum 
vitae and names of three referees to 
Dr E., J. Thompson, Neurochemistry, 
institute of Neurology, London WCIN 
3BG. JIS50(A) 


TECHNICIAN GRADE 2B 


required for the Zoology Department 
to work in the photographic unit and 
eccasionally in other areas of the 
Department. City and Guilds 744/748, 
ONC. or equivalent qualifications 
and three years experience required 
preferably in the above discipline, Day 
release scheme for further training. 
Salary on scale £2,994 p.a. rising to 
£3,345 pa. (inclusive) 4 weeks annual 
hoHday. Contributory pension scheme. 
Apply in writing with full details to: 
The Head Clerk, Ref. 204011/N. 
"8 College London, Strand 
i LS. TIROLA) 


el 


Soares] 


A.R.C. ANIMAL BREEDING 
RESEARCH ORGANISATION 
ASSISTANT BIOMETRICIAN 
Required for research on the 
genetics of growth in relation to 
animal production. The work involves 
analysis of a wide range of data and 
participation in the conduct of experi- 
ments. Applicants should have an 
honours degree in a relevant subject 
and some ability in computing. Ap- 
pointment as Scientific Officer (£2,839 
to £4,415) with starting salary de- 
pending on qualifications and experi- 
ence. Non-contributory superannuation, 
Further information and application 
forms obtainable from the Secretary, 
A.R.C. Animal Breeding Research 
Organisation, West Mains Road, Edin- 
burgh EHS 33Q. Closing date October 
7 8 TIANA) 


7, 1978. 





PRE AND POSTDOCTORAL 
POSITIONS 


are available for studies on the pro- 
tein synthesising system with special 
emphasis on ribosomes——-topography, 
biogenesis and function—under various 
conditions of growth and development, 
Teaching opportunities available. Re- 
piy with résumé to: 

Professor Bruce H. Sells, 

Laboratories of Molecular Biology, 

Faculty of Medicine, 

Health Sciences Complex, 

Memorial University of- 

Newfoundland. FATHA) 


FELLOWSHIPS 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
JUNIOR RESEARCH 
FELLOWSHIP 


Applications are invited for a Junior 
Research Fellowship (£1,990 p.a. plus 
approved fees) tenable for 3 years 
jointly in the Department of Medicai 
Physics for experimental studies in 
ultrasonic diagnostic techniques. Appli- 
cants should preferably have some ex- 
perience in computer programming. 

Applications, with curriculum vitae 
and the names of two referees, should 
be sent as soon as possible to Pro- 
fessor H. A. B. Simons, Department 
of Medical Physics, Royal Free Hes- 
pital, Pond Street, London NW3 706. 

71I90CE) 


UNIVERSITY OF WARWICK 


POSTDOCTORAL RESEARCH 
FELLOWSHIP 


IN THE DEPARTMENT OF 
CHEMISTRY AND MOLECULAR 
SCIENCES 


Applications are invited for a Post- 
doctoral Research Fellowship to work 
with Dr D. W. Hutchinson on the 
synthesis and properties of oligoadeny- 
lic acids as inhibitors of protein 
synthesis. This work, which is funded 
by the M.R.C., will be carried out 
in collaboration with Dr I. M. Kerr of 
the National Institute for Medical 








Research, Mill Hill, London. The 
appointment will be for two years 
commencing as soon as possible. 


Initial salary will be up to £5,730 p.a, 
on the Range IA scale: £3,660 to 
£6,178 pa‘ Applications, together with 
the names of two referees, should be 
sent to the Academic Registrar, Uni- 
versity of Warwick, Coventry CV4 
7AL quoting Ref. No. 6/2A/78 as 
soon as possible, TI61CE) 


UNIVERSITY COLLEGE 


DUBLIN 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 
FELLOWSHIP 
IN 
PHYSICAL 
ORGANIC CHEMISTRY 
Applications are inviied for the above 
post to investigate the activating effect 
of the azomethine function implicated 
in catalysis by the coenzyme pyridoxal 
phosphate. The appointment, which is 
supported by the Irish National Board 
for Science and Technology, will be 
made as soon as possible and will be 
renewable annually for up to three 

years from October i, 1978. 

Initial salary will be in the range 
£3,762 to £4,388. 

Applications accompanied by a 
curriculum vitae and names of two 
referees should be sent to: 

Dr R. A. More O’Ferrall, 
Department of Chemistry, 
University College, 
Belfield, Dublin 4. 
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UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 
POSTDOCTORAL 
FELLOWSHIP 
Applications are invited for an 
M.R.C.-funded postdoctoral research 
fellowship to work for three years on 
a project comparing and contrasting 
the protein and glycoprotein composi- 


tion of myelin and oligodendrocyte 
membranes from normal and multiple 





sclerosis nerve tissue. Applicants 
should have expertise in membrane 
proteins, glycoproteins and related 


separative techmaues. 

Starting salary in the range £3,660 
to £4,834 (under review). 

Applications should be sent as soon 
as possible to Dr M. G. Rumsby, 
Department of Biology, University of 
York, Heslington, York YO! SDD. 
and should be in the form of a 
curriculum vitae with the names of 
two referees. Further information can 
be obtained from the same source. 
Please quote reference number 
11/6094, TISE) 
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STUDENTSHIPS 


THE UNIVERSITY 


OF ADELAIDE 
DEPARTMENT OF SOIL SCTENGE 
Applications are invited for a 


RESEARCH 
STUDENTSHIP 

to support research for Ph.D. with 
A. R. Dexter of the Waite Agric 
tural Research Institute on an A: 
tralian Oilseeds Research Committ 
project concerned with the interactic: 
between soil structure and root grow 
of oilseed crops. Tenure of the stude 
ship depends on continuing suppe 
from the Australian Oilseeds Resear 
Committee but at least three ye: 
support is expected. The stipend pë 
able is ‘$A4200 per annum plus alle 
ances for dependants. Some assistar 
with relocation expenses may be ave 
able. Applicants should be gradua 
with a good honour’s degree in 
science subject and an interest in @ 
or more of the following would 
an advantage: plant growth, soil meé 
anics, geometry and mathematie 
modelling. 

Applications with a curricule 
vitae and the names and addres: 
of two academic referees should 
sent to the Academic Registrar, T 
University of Adelaide, G.P.O. B 





498, Adelaide South Australia, A` 
dae 5001. Closing date October < 
1978. 
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SHEFFIELD CITY 


POLYTECHNIC 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 


RESEARCH STUDENTSHE 


Salary Seale: £2,500 to £3,000 ç 
annum. 

Applications are invited for appoi 
ment as a Research Student to und 
take research into the utilisation 
fractions of town refuse in lag 
reclamation schemes. 

This work will be carried out 
conjunction with South Yorksh? 
County Council Applicants shoe 
possess a good henours degree 
Biological Sciences, Biochemistry 
Soil Sciences, and the successful apr 
cant will be expected to seek reg 
tration for a higher degree. 

Requests for an application form 
writing only please to the Recruitme 
Section of the Personne! Departme: 
Sheffield City Polytechnic (Dept. NA 
Halfords House, Fitzalan Squay 
Sheffield SI 2BB. Completed fors 
should be returned by October 6, 197 

TIUTTCFY 


UNIVERSITY OF LONDO. 


KING’S COLLEGE 
PHYSICS DEPARTMENT 


Applications are invited for a Ph. 
research studentship, tenable for ths 
years from not later than January | 
1979, for experimental research on # 
production and properties of colg 
centres in covalent crystals. The vaf 
of the studentship will be at te 
that of an S.R.C. grant. Further ¢ 
tails are available from Dr E. 
Lightowlers, Physics Departme: 
King’s College, Strand, London WC; 
2LS8. TISICF) 





NATURE CLASSIFIED 
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advertisement 
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Nature 
Binders 


Keep your copies of Nature protected in 
durable black PVC binders: 

* 20 plastic retention strips mean no loose 
parts, wire, or complex loading systems 

* title blocked in gold on spine 

* panel on spine for your own references 
Each binder is designed to take two 
volumes of Nature; three binders will 
serve for a year. 


Prices (including postage); UK £3.00 each, three for £8.00 
Rest of World US $6.00, three for US $16.00 


Orders with correct remittance should be sent to: 


Nature, Circulation Department, Macmillan Journals Ltd 
Brunel Road, Basingstoke, Hampshire RG21 2XS, England. 


Nature 














Lively, readable and reliable, British Birds is the 
monthly journal for all British and Irish 
birdwatchers, professional and amateur alike. 
An internationally respected scientific journal, 
issues of British Birds build into a valuable 
reference work. 

For a year’s subscription send your name, 

address, and £8 (overseas US $17.50 in 

any currency at the current exchange rate) 

to Macmillan Journals Ltd., Subscription 

Dept., Brunel Road, Basingstoke, Hampshire 


RG21 2XS. 
A free copy is available from the above address. 
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Our technical services 
the time from researchers who have found that 
iodinating proteins can be tricky. We usually 
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groug gets calls all 


have the answers, because 
at NEN we iodinate proteins 
ourselves — wih our OWN 
iodine-125. 

Of course, having trouble- 
free iodine-125 at the outset 
eliminates 
some of the 
trickiness. 
Ours is the 
world’s most 
carefully pre- 
pared and tested iodine-125. LR 
Each biweekly batch must pass |{Ẹ 
strict tests for radiochemical ia S 
purity and exact base strength. jj 
as well as labeling efficiency 
in a sensitive lactoperoxidase 
iodination, 

And now the news: We've added a medium 
concentration, low pH iodine-*25. Now you 
can order any combination of concentration 


and pH from NEN: NEZ-033 Standard package 

in 0.1-0.5ml 

of ~0.4M NaOH solution 

NEZ-033H Hich concentration 
>350mCi/mM 

in ~0.1M NaOH solution 

NEZ-033L Low pH 8-410 

High concentration 
-350mCi/m! 

in aqueous solution 

NEZ-033A Low pH 8-10 

Medium concentration 

1400mCi/mil 

in aqueous solution 


Send for our lodine-125 products brochure. 
It tells the whole story. 











New England Nuclear 


549 Albany Street Boston Mass 02°18 

Call toll-free 800-225-1572 

iin Massachusetts and International 617-482-9595) 

NEN Chemicals GmbH ¢ 2 Drerech W Cernan 

Damierttrasse 23 Posttach 401740 Telephone i6? ASOM-M Thios 4 GI NEN 
NEN Canada Lid. 2453 46th Aver 

Teleph e` 7 


e 414-636-497" Tews 05-6718505 


Circle No. 0 on Reader Enquiry Card. 


+ 
" 


ode 


„Circle No. 03 on Reader Enquiry Card. a, ` 





Cover 4 Nature 21 September 1978 
O LLL eee 


Translation Kit 
From the people who brought you new convenience 
and reproducibility with the first. 








Our first translation kit saved you the difficulty of 
preparing your own lysate for cell-free translation 
studies, gave you a system free of endogenous 
MRNA and high in protein synthesis activity, and 
assured you of components tested for compatibility 
and reproducible results. All told, it was an excellent 
excuse to stop cultivating rabbits. 

Our second kit does all of the above, too. But, 
instead of Methionine, L-[*°S], the tracer is Leucine, 
L-[(3,4,5°H]—specially optimized for use with this 
system. Here's what our Leucine Translation Kit 
contains: 

Rabbit reticulocyte lysate Teated with 
micrococcal nuclease to inactivate endogenous 
MIRNA and tested to guarantee high protein synthe- 
sis activity. 


High activity *H tracer NET-460T, Leucine, L-[3,4,5-H], >4140Ci/mmol. 
Special lots are prepared and tested for incorporation into protein using this 
cell-free translation system. ` 

Transiation cocktail All the necessary components for proper translation 
conditions, including buffer, biogenic polyamine, and energizer. 

Control MRNA Purified mRNA to check the biological activity of the system. 

Salts and sterile deionized water Selected and prepared to minimize 
potential ionic or enzymatic inhibition of the system. PR EA 

Instructions for use The protocol is EE or clinical diagnosis 
straightforward and includes suggested F 








-assay procedures. GA A =) : =) 


So now there are two, and only two, 
translation kits. Call us toll-free for 
details on either or both. 


© New England Nuclear 


549 Albany Street. Boston. Mass. 02118 

Call toll-free 800-225-1572 

(in Massachusetts and International 617-482-9595) 
NEN Chemicals GmbH: 2.607? Dreerch’ W Germany 
Daenierstrasse 23 Postfach 401240 Telephone (06103) 85034 Telex 4-172993 NEN D 
NEN Canada Ltd.. 2453 461th Avenue Lachine Que HET ICS 

Telephone 514-636-3971 Tele» 5-821808 
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Trust the Boehringer 
_ Mannheim 


Calibrators! 
















Boehringer Mannheim 
offers you reagent 
collections for molecular 
weight determination 

of proteins in SDS-PAGE. 


combithek® cat. No.: 236292 combithek® cat.no.: 161365 

This reagent collection contains: MW This reagent collection contains: MW 

M OREIN D: o u ee a o a 3,400 trypsin inhibitor (TI) from soybean 21,500 

RE a a A a ee 6,500 bovine serum albumin (BSA) . . 68,000 

OCO. > os s a e 12,500 RNA-polymerase from E.coli 

trypsin inhibitor (TI) from soybean 21,500 a-subunit............ 39,000 
a oom 155,000 
E, i a ne 165,000 


For details please ask your local representative or: 


Boehringer Mannheim GmbH 
Biochemica 


boehringer  P.O.Box310120 
D-6800 Mannheim 
W.Germany 


mannheim 
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When youre studying 
cyclic nucleotides and you 
don't know which 
way to turn 


We understand that when you are working in 
the cyclic nucleotide area, the subject is so diverse and so 
complex that you don't want to have to worry about the 
problems of accurate measurement. 

So we would like to take a little weight off your 
mind and offer you our two kits in this field. 

Cyclic AMP and Cyclic GMP. 

Both of the tests are simple, accurate and will take 
you cbout four hours from start to finish. 

So it's not surprising that you can carry on with 
your research and leave the problems of accurate 
measurement to us. 


You know where you are 
A with ourCyclic AMP& GMP kits 


Full informatio requ Jes 
H H The Radiochnemica Cer fre Limited Amer snom Eng na te epr 24- )4-4444 
The Radiochemical Centre In the Americas: Amersham rooration, Ilinois ól 005. Teler hone: 31 ?-593-6300 
Amersham f N Ler mony Arre -snory Ri i hler ! mor * ) KL - H t VW T a 530 7-46 93. 97 
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Guide to authors- 


@ Review articles should be aimed - 
at a relatively wide readership. 
Many reviews are invited, but i 
submitted articles may also be seeped: 
it is ripen ton is to consult us before 
writing a review article, 
_ @ Articles may be up to 3,000 words 
long with. at most six layed items. 
{figures and tables); they are reports of 
major research developments. 

@ Letters are brief reports, of original 
research of unusual and wide in 
not in general longer than 1,000 
they have at most three or four 
ag Ys items. Ei 

Matters Arising’ its short 

io (up to 300 words) of papers 
‘that have recently appeared in: Nature. 


Articles should be accompanied by an 
ahatract of not more than diy words) Re 
Letters should begin with a paragraph . 
giving the background and main a 
‘conclusions in terms intelh ble-to as- >, 


Typing onna! erences) should be 
double title should be 
brief informative. Pages shoukd 


be numbered. References, tables and ` 
figure legends should start on separate 
„pages. Experrmentil detail vital to the 
POR E which would interrupt the 
narrátive is best placed ın the figure 
legends, Units should conform to the 
téme International. Greek 
ers should be identified in the 

margin on their first appearance. 
Equations should occupy single lines 
if possible; exp (a) is preferred to ef if ‘a’ 
is more than one character 

References are indicated by 
superscripts in the text. See any 
« contemporary Nature for style, but note: 


rth, : 
Symposia are often difficult to refer to 
and only published or soon-to-be- 
blished volumes should be mentioned 
references. Their mon and place 
of publication shoul 
‘Personal communication’ and ‘unpub- 
lished’ should be incorporated in text. 
` Artwork should be sent with the -> 
manuscript and clearly marked with . 
author’s name and the figure number. 
Line drawings should be either 
' photographic prints or in Indian ink on 


ost 
reduced to one column wi 
should be about &s-wide as.a page of 
Nature. To enable figures, particularty 
maps, fo be edited ihn the sape stylo the 
text, they ‘should contain only essential . 
material. Ideally, an unaltered original ` 
and three lettered copies should be 


pombe, be avolded entry o 


uoted should be for ` 

the Sir as ac mitted‘-We are alwa 
giad to see artwork for possible use on 
cover, but cannot guarantee its return. 

In order to save on postal expenses we 
return only the top copy and artwork -of 
manuscripts that we cannot publish. . 

Nature's 
in 258,1 (1 


« Hi 


5) and 264, v, 11 Nov. (1976). 
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th so originals 


iblishing polo is outlined | e ee Muitoa 


Evidence that the TSH receptor acts . . T. Mdkinen, G. Wagar, 
` ese COENE ongein Graves disease . ~- L. Apter, E. von Willebrand 
i ' and F. Pekonen 314 
Grfcvexu hos a - W. S. T. Griffin, J. R. Head, 
disease impairs cerebellar growth D. J. Woodward and C. Carrol 315 
F. A. Huppert and 





and remembering in. organic amnesia M. Piercy 317 
. Mechanism for the formation.of synaptic * 

projections in the arthropod’ visual system E. R. Macagno 318 
Phase-locking in goldfish saccular nerve fibres 

accounts for frequency discrimination capacities © R. R. Fay 320 

Sinus node extracellular potassrum K. D. Kronhaus, 
transients tolewule vagal emleuen J. F. Spear, E. N. Moore 
and R. P. Kline 322 


Immunochemical PERETE of reversible 


reduction in choline acetyltransferase G. F. Wooten, D. H. Park, 





concentration in rat hypoglossal nucleus | T. H. Joh and 
after hypoglossal nerve transection ` D. J. Reis 324 
> Membrane specialisations between demyelinated 
' axons and astroglia in chronic EAE lesions 
~- and multiple sclerosis plaques ` ™ C. S. Raine 326 
_ Supersensitivity to the cyclic GMP response J. Garthwalte 
' to glutamate during cerebellar maturation ` >- and R. Baldxs 328 
dent protein W. Slegkart, T. C. Theoharides, 
phosphorylation during _ SL. Alper, W. W. Douglas 
secretion by exocytosis in the mast cell “and P. Greengard 329 
Bromocriptine-induced inhibition of 
plasma dopamine, noradrenaline 
and adrenaline responses to LH-RF G. R. Van Loon i 331 


D. M. Zimmerman, 

R. Nickander, J. S. Horng 

and D. T. Wong 332 
G. Orth, M. Favre, S. Jablonska, 

K. Brylak and O. Croissant 334 
J. L. Bos, C. Heyting, 

P. Borst, A. C. Arnberg . 
and E. F. J. Van Bruggen 336 
J. R. Warner and C. Gorenstein 338 
S. Joshi, A. L. Haenni, 

E. Hubert, G. Huer 


New structural concepts for 
narcotic antagotiists’ . ` 
defined in a 4-phenylpiperidine series 
Viral sequences related to a human 
skin papillomavirus in genital warts __ 
An insert in the single gene for the large 
ribospmal RNA 
in yeast mitochondrial DNA 
Yeast has a true stringent response 
In ytvo aminoacylation and ‘processing’ 





RNA in Xenopus laevis oocytes and G. Marbaix 339 
` Relationship of protein | E. Stellwagen and 
$ thermostability to accessible surface area AY. Wilgus 342 
Errata ) ae 343 
: MATTERS ARISING 
7' Mo tion of 
alone by hydro sulphide - G. B. Deacon 344 
World’s oldest armia traces P. Cloud 344 
-~ Reply ~ H. Clemmey 344 
No paradox in the Ace k D. A. Booth and 
of energy intake F. M. Toates 345 
Reply N. J. Rothwell and M. J. Stock 345 
Induced suction and lithospheric late pull D. J. Stevenson 346 
Reply E. M. Shoemaker 346 


R. Pownall, J. R. Cove-Smith, 
T. A. Kabler, I. Kowanko 


and M. S. Knapp 
J. Fachet and I. Andó 


Circadian variation in immune 
response to oxazolone 


-. Reply 


BOOK [REVIEWS 
Ta Rational Animal, and ot ther 


. Philosophical Essays on the Nature 


RE 


of Man (Anthony Flew) Stuart Sutherland 347 
The Integrated Mind (M.I. S. Gazzaniga ee 
and J. E, LeDoux) G. Ettlinger 347 
_ Whale Manual '78 (Friends of the Earth) Michael! Dunn 348 
OBITUARY k 

. R. . K. G. Stephens and T. E. Allibone 35 
Moses Kunitz } Roge: M. Heri lott 351 
Kenneth Mellanby 352 


Announcements l < 353 





New 
from 
Amersham 





~Ala?-[tyrosy/-3,5-9H]enkephalin 


(5-p-leucine) TRK.602 25-50Ci/mmo 


cis—3-Amino[4,5(n)—2H]cyclohexane 


carboxylic acid TRK594 30-60Ci/mmol 


| H] C 1628 TRK.595 15-30 Ci/mmi 

[N-methyl- H]Flunitraz epam 
TRK.590 30-60Ci/mm 

[G-SH]Piperidine hydrochloride 


TRK 589 30-60 G1 


2-Deoxy-p-[L-'4C]glucose 
CFB181 300-350mCi/mmo 
—{U-"4C] Ornithine 
CFB.180 250 mCi/mm 


['25]]lodinated protein A 


IM.108 30mCi/ma 


CAMP succinyl['5Ijiodo TME 

IN 1106 >600Ci/mn 
CGMP succinyl['25IJiodo TME 

IM.107 >600 Ci/mr 


The Radiochemical Centre 
Amersham 


The Radiochemical Centre Limited, Amersham, England. 
Tel: Little Chalfont (024 04) 4444 





Circle No. 05 on Reader Enquiry Card 


Nature 28 September 1978 


This Publication 
is Available in 


MICROFORM 


FOR INFORMATION 
CUSTOMERS 
SHOULD WRITE 


University Microfilms International 
Dept. F.A Dept. F.A 

300 North Zeeb Road 18 Bedford Row 
Ann Arbor, MI 48106 London, WC1R 4EJ 
USA England 


Nature 











REPRINTS 


High-quality reprints of any paper 
published in Nature can be bought 
in bulk quantity (50 or more). 


This service is not restricted to 
authors. 


Typically, 100 2-page reprints | 
would cost £18.90 (£23.50 by | 
airmail) ; 1,000 would cost £41.35 
(£89.70 by airmail). Covers can also 
be supplied. 


Why not write to us for a quotation ? 


To: The Promotion Manager 
Nature | 
4 Little Essex Street 
London WC2R 3LF 
England 


Nature ‘Vol. 275 -28 September 1978 


261 





To Genéva yet again 


REPRESENTATIVES of the United States, United Kingdom | 


and Soviet Union are back in Geneva this week .to 
resume talks ona comprehensive ban on nuclear testing. 
Regular, readers of these columns, could be excused for 
stifling a slight yawn om hearing this; for many years 
now it has seemed to us andito others that a ban- was 
just around the corner. Each-year we have been reliably 
advised: that the odds were fifty-fifty on a tréaty by - 
Christmas, but those who believe that this implies ulti « 


mate Success should ponder the message of the coin” _ 


tossed in Tom Stoppard’ s play Rosenkrantz—which ~ 
came down ‘heads’ more than eighty times in a row. ` ' 
At present the two superpowers operate a voluntary 


limit of 150 kilotons on underground tests, and they, 


along with, most other. coùntries, are prevented, from 
firing above ground by. the Partial Test-Ban -Treaty of 
1963. France and China,..non-signatories of the treaty, 


used to test regularly-in'the atmosphere, but‘in-recent ’ 


years, they too have gone underground. Although only 
three countries are.party to the present negotiations on 
a comprehensive’ treaty, it is hoped that if and when a 
document is produced’ it will prove widely acceptable, 
and even those seasoned ffon-signeérs, France and China, 
will be prepared to adhere to its spirit. It goes almost 
without saying that many nations under strong pressure 
not to venture into nuclear proliferation are very keen 
indeed for some evidence that the superpowers are 
putting a brake on their own weapons programmes, and . 
a comprehensive test ban, although only a partial- 
dampener on weapons development, has great symbolic 
importance. K Ne ° 
What then holds up a ireaty? The traditional reason 
for delay has been the inadequacy of systems for moni- 
toring compliance, whether by seismic or other means. 
There has been considerable progress in these matters in 
the past ten years; ' further major improvements in the, 


EN 
~ 


sions have been fired for a variety of purposes. But even 
in the Soviet Union the pace seems to have slackened off 
_of late, and elsewhere no one—not even the Indians— 


= now has much enthusiasm. The trouble with peaceful 


.. explosions is that there is absolucely no way of verifying 
that they do not also have a military purpose, and any 
attempt: to exclude such explosions from a comprehen- 


-` sive test-ban would have to be. viewed with the utmost 


‘ suspicion. `` 

Most recently, concérn has been expressed in the 
United States about the effects that a test-ban would 
have on stockpile efficiency; it is claimed that in the 
absence of regular testing, devices cannot be trusted 
indefinitely. This is a controversial matter; not even all 
< those associated with the weapons laboratories would 
have the same point of view. But there have already 
been ‘calls for the ban not to be total, but to allow 
“limited low-yield testing. If peaceful explosions could be 
a vehicle for weapon development, however, so too 


‘ could ostensible stockpile testing. 


So what will emerge from ‘Seneva? It has to be 
acceptable to the US Senate which ratifies such inter- 
national agreements, so it will probably err on the side 
of caution. The Soviet Union sezms prepared to forego 
- peaceful - explosions, but only “or a short period. A 
_ limited duration treaty would suit the United States 
fine, because it would sidestep the question of the future 


+. of’the weapons laboratories. At a guess there will be a 


three year ban on the firing of ary nuclear devices what- 
“soever. But do not be deceived; although the treaty will 
undoubtedly ‘come up for renewal there must be the 
most serious doubts that it actually will be renewed. 
.Betweén 1958 and 1961 there was a thirty-four month 
moratorium in testing but it did not lead to a permanent 
_ ban. From public pronouncemerts in the United States 
and from an apparent Soviet desire to push ahead on the 


near future are, however, unlikely. Above certain yields . peaceful uses front. it seems clear that many have 


the risk of detection and identification is now very high,. 


but below these levels there is more and more scope for . 


undetectable clandestine activity. No technical monitor- » 
ing “system can ‘provide ‘complete satisfaction: 
Fortunately this ‘now seems to-be widely understood; no 
interested party would now beé at ‘liberty suddenly: to 
‘discover’ inadequacies ' in the monitoring. system and 
claim that’ negotiations, had been. ‘conducted in agnor: 
ance of them, 

A more récent obstacle to a treaty has been peaceful _ 
nuclear. explosions. The almost complete loss of support. 
for these in the. United States,.on economic. and: public- 


, already made up their mind ae the ban will merely be 


a temporary measure. 

What purpose does a British: Dresence.serve at these 
‘talks? Undoubtedly it has a certain cosmetic value in 
dispelling the impression that the two superpowers are 
‘colluding, and probably there are technical matters 
“where British representation injects a sensible new 
dimension. But, Britain is so closely tied to the United 
‘States in nuclear affairs that it s most unlikely that a 
truly independent line could be teken. It is probable that 
the treaty which will emerge from Geneva will be a poor 
‘substitute for a truly comprehensive permanent ban; 


acceptability grounds, contrasts with enthusiasm within. * ‘somewhere an. independent powerful and respected voice 


the Soviet Union, where more than forty such explo-! 


* 


‘should be saying this. E 
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Sinai in peace and in war: one plan was to make it an Arab-Israeli “national park” 


Israel wants scientific cooperation with the Arabs 


ISRAEL scientists see the outcome of the 
Camp David talks as a unique challenge 
and chance for mutual cooperation—a 
result which may, at first. seem para- 
doxical, since the settlement will mean 
handing over to Egyptian control one 
of the most strictly protected conserva- 
tion areas in the world. 

During the 12 years that Sinai has 
been under Israeli control, environ- 
mental restrictions have been so strict 
that not even a single shell could 
legally be removed from the beach 
without special permission. The fragile 
ecology of the area has been exten- 
sively studied. and investigations of the 
“solar lake”, a few kilometres south of 
the pre-1967 frontier have provided 
new concept in the commercial use of 
solar energy. For this lake has a 
natural stratification of salinity allow- 
ing bottom water temperature to build 
up to more than 60°C. without con- 
vective heating of the upper layers 
which remain at approximately 20 °C. 
Not surprisingly, at the international 
conference on the application of solar 
energy held earlier this month at the 
Fechnion—lIsrael’s institute of tech- 
nology—there was a whole session 
devoted to artificial solar ponds, which. 
it is hoped. will ultimately be used for 
electricity generation, desalination of 
sea-water and for low temperature 
industrial heat production, 

As far as the ecology of the Sinai is 
concerned, the non-governmental So- 
ciety for the Protection of Nature. 
which has maintained three field study 
centres in the Sinai—at Na‘ama., 
Yamit. and Santa Katarina—is willing 
to extend to the Egyptians any assist- 
ance they may require. Indeed. Pro- 
fessor Amotz Zahavi told Nature that 
several years ago, the society suggested 
that the Sinai should be made into an 


“international park for peace“ under 
joint Israeli/Egyptian control. 
For some years. said Professor 


Zahavi. the society has been passing on 
its findings and ideas on conservation 
to the Israeli authorities. Now. with 
the hand-over to the Egyptians. their 
experts would be willing to stay on at 
the field centres. working in collabora- 
tion with the Egyptians for the sake of 
conservation. Professor Zahavi stressed 
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that the Israeli teams have no idea how 
the Egyptians will react to this pro- 
posal. “So far as we know, conserva- 
tion is not yet very well developed in 
Egypt.” he said. a further reason why 
his society is so concerned to help. 

Israel has an impressive record in 
desert reclamation and the cultivation 
of marginal lands. With perhaps one- 
third of the world’s cultivable land 
threatened with desertification, Israeli 
environmentalists describe as tragic the 
Arab walk-out from last year’s con- 
ference on desertification when an 
Israeli delegate rose to speak. 

At Haifa. the Kogan-Rose desalina- 
tion pilot plant. which uses a counter- 
flow system to eliminate the need for 
expensive copper -tubing heat - ex- 
changers. has proved its worth, and 
plans are underway to construct a full- 
scale installation capable of delivering 
some million cubic metres per day. The 
main question to be decided now is 
where to build it. While such questions 
are. Of course. matters for the poli- 
ticians to decide, Professor Abraham 
Kogan. the designer, speaks of a pos- 
sible joint Israeli-Egyptian venture. 

Indeed, the consensus of Israeli 
scientific opinion seems to run ahead of 
the formal political situation. Last 
summer, in his report to the inter- 
national board of governors of the 
Fechnion. made on the occasion of the 
30th anniversary of Israeli indepen- 
dence, the Technion president, Amos 
Horev, stressed that technological co- 
operation “could well be put into effect 
with Arab neighbours even in advance 
of formal peace”. Ecologists and tech- 
nologists are already looking hopefully 
towards other frontiers. The Dead Sea 
potash works. for example, which pro- 
duces fertilizers from evaporated Dead 
Sea brines. must use a certain amount 
of non-saline water in the extraction 
process. With a growing world demand 
for fertilizer and a virtually inex- 
haustible supply of raw material, it is 
small wonder that some engineers 
think longingly of the fresh water 
supply. just across the Jordanian fron- 
tier. which in British Mandate times 
was actually piped to the forerunner of 
the present potash works (then sited at 
the northern end of the Dead Sea) 
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Jordan is known to be considering a 
potash works of her own—a joint de- 
velopment would be more economical 
and also a powerful factor in the con- 
tinued peace of the area. 

Likewise. marine ecologists in the 
Gulf of Aqaba stress that however 
carefully they monitor the tankers dis- 
charging at the Eilat oil terminal, the 
gulf is narrow, and has no real tidal 


scour. A joint protection and monitor- 
ing programme involving all the lit- 
toral states—lIsrael, Jordan, Saudi 


Arabia, and Egypt—is the best hope of 
avoiding major pollution in this part 
of the gulf. 

And, looking even further ahead, Pro- 
fessor Y. Avnimelech of the Kinneret 
water research project even mentioned 
the old Johnstone plan of Mandate 
times, by which the river Yarmuk 
would be diverted into Kinneret, the 
augmented waters of which could then 
be used for the benefit of what now 
constitutes both Israel and Jordan. 
Since the Kinneret now serves as the 
sole fresh water source for Israel's 
national water grid. and the Israeli 
water economy is so tight that brackish 
and waste water irrigation is an in- 
creasing necessity, even the most aca- 
demic allusion to such a scheme 
reflects a considerable committment to 
the idea of cooperation, 

Such a commitment. however, 1s 
more than a pipe-dream of a few scien- 
tists. however far ahead the realisation 
may be, the Israeli government un- 
doubtedly endorses the underlying 
principle. Addressing the international 
congress of ecology. which was held in 
Jerusalem during the week of the 
Camp David talks. Mr Yigal Yadin, 
the Israeli deputy prime minister, 
stressed that “ecology has no national 
boundaries”. After outlining Israel's 
considerable achievement in developing 
the country without major ecological 
damage, while at the same time ex- 
tending aid to such third world coun- 
tries as would accept it, he concluded 

“We are yearning for peace so that 
we can strive for a better world. Let us 
endeavour when peace comes on earth 
—if the earth still be there—we may 
be more worthy to enjoy it” 

Vera Rich 
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Argentina: concern over continued disappearances 


On the eve of the Twelfth International Cancer Congress in Buenos Aires, David Dickson reports 
on the fate of 15,000 missing Argentinians, many of them scientists 


Two weeks ago Dr Lepanto Bianchi, 
an Argentinian orthopaedic surgeon, 
was arrested and taken from his office 
by men who claimed that they were 
from the federal police force. Dr 
Bianchi’s arrest follows the similar dis- 
appearance last month of Beatriz 
Perioso, president of the Argentine 
Federation of Psychologists, who was 
taken away from a child care centre at 
which she had been working. 

No news has since been received of 
Dr Perioso’s whereabouts, nor whether 
any charges have been made against 
ber, And neither has any information 
been received about two other psy- 
chologists, Arturo Smith and his wife 
Celia Kriado, who were taken from 
their home the following day. 

The American Psychological Asso- 
ciation has written to the Argentinian 
President, General Jorge H. Videla, 
requesting information about the situa- 
tion of the three psychologists, but no 
reply has been received. 


Professor freed 


Meanwhile, however, the Argentine 
authorities last week released Dr 
Claudio Bermann, a former professor 
of psychiatry at the University of 
Cordoba and director of a psychiatric 
clinic, who had been arrested and held 
without specific charges since April 1976. 

A number of foreign institutions, in- 
cluding Amnesty International and the 
US National Academy of Sciences’ 
Committee on Human Rights, as well 
as the Buenos Aires-based Permanent 
Assembly on Human Rights. had 
pressed the Argentine government for 
his release. Last week he was given 
permission to leave the country, and 
flew directly to Israel. 

In August Elena Sevilla, a research 
physicist at the Universidad del Sur in 
Bariloche who had been arrested in 
November 1975 in hospital shortly 
after giving birth, was allowed to leave 
the country after similar moves had 
been made on her behalf and is now in 
the US. However in the same month 
the Permanent Assembly was notified 
of 11 more “‘disappearances”’, and sus- 
pects the actual figure may be four or 
five times this number. 

A number of scientists are planning 
to raise the issue of human rights at 
the Twelfth International Cancer Con- 
ference, which begins in Buenos Aires 
next week, and is expected to be 
attended by 7,000 scientists from all 
over the world. 

The National Academy of Sciences, 
following a visit to Argentina earlier 


0028-08 36/78 /0275-—0263 $01.00 


this year by three representatives of its 
committee on human rights, decided 
not to endorse a proposed boycott of 
the meeting by US scientists. However 
the committee agreed to assist “those 
Congress attendees who so desire to 
express their human rights concerns 
while in Argentina,” primarily through 
supporting the activities of the human 
rights clearinghouse of the American 
Association for the Advancement of 
Science. 

A number of those attending the con- 
ference are planning to hold regular 
caucus meetings on the human rights 
situation in Argentina. And facilities 
are also being made available to pro- 
vide conference delegates with informa- 
tion about the current situation by the 
Permanent Assembly. 

Conference officials point out that 
the high expected number of partici- 
pants indicates that moves to boycott 
the conference—a parallel conference, 
for example, is being held in Paris 
under the sponsorship of Professor 
Andre Lwoff, and is expected fo 
attract several hundred participants— 
are likely to have relatively little im- 
pact on the Buenos Aires arrangements. 

Other Argentine scientists have pub- 
licly objected to the “pernicious propa- 
ganda” which they claim is being 
spread about the current situation. “At 
present, the universities and research 
institutes are places of quiet and fruit- 
ful work, in contrast to the agitation, 
the activism and the persecution of 
professor and scientists that were so 
frequent before March 1976 [the date 
of the military coup], according to two 
members of the Buenos Aires National 
institute of Medicine in a recent letter 
to science. 


Academic asphyxia 


The Permanent Assembly, which 
brings together various Argentinian 
groups concerned with human rights, 
sees the situation slightly differently. 
“In the national universities, if a 
climate of perfect order rules, it has 
been achieved at the cost of the virtual 
extinction of all interchange of ideas, 
and similarly the elimination of the 
whole of a vast cultural sector whose 
political ideas do not coincide with 
those of the university authorities,” the 
assembly says in the most recent report 


on its activities. 


“This situation has brought about a 
noticeable impoverishment of the 
academic level, generating a dangerous 
climate of academic asphyxia,” accord- 
ing to the assembly’s third commission, 


which is responsible for the areas of 
culture, religion, the arts, the sciences, 
the professions and technical fields. 

Earlier this year the assembly pub- 
lished in the Buenos Aires newspaper 
La Prensa a list of 2,500 names of mn- 
dividuals who had disappeared since 
March 1976, and whose current where- 
abouts were unknown. A further 500 
cases were reported to the assembly 
after the advertisement appeared, and 
officials estimate that they have only 
been informed of one-fifth of those who 
have disappeared, giving a total number 
of £5,000. 


Many killed 


It is feared that up to half of these— 
men, women and children—have been 
killed. In addition, it is estimated that 
there are §&,000 political prisoners 
being held in Argentine goals, at least 
half of whom have not been through 
a proper judicial process. 

Scientists figure prominently among 
those who have disappeared or been 
imprisoned, particularly those pre- 
viously involved in organisations such 
as the now-defunct Argentine Physical 
Society, whick had taken an active part 
in debates on political issues in the 
period immediately before the mil- 
tary coup of 1976. However, other 
scientists who have disappeared or been 
imprisoned have, it is claimed, played 
little part in political activity. 

Over 2.000 scientists, including both 
university teachers and research work- 
ers, lost their jobs when the military 
government came into power. Many 
have since left the country: “the low 
salaries, added to the lack of security, 
threats, and the lack of an adequate 
scientific programme, has motivated the 
exodus of a great number of scientists 
and professicnals,” according to the 
assembly’s resort, 

Some Argentinian scientists who 
remain are also concerned at the low 
priority givem to education in the 
national budget. “In the early 1960s, 
expenditure on education represented 
about 20 per cent of total government 
spending; now it is down to 8.3 per 
cent,” according to Professor Jose 
Westerkamp, a nuclear physicist at the 
University of Buenos Aires. 

Some areas of research, such as 
nuclear engineering, still flourish. But 
in many fields of more basic science, 
the combined lack of professional man- 
power, adequate funds, and posigradu- 
ate students has resulted in a dramatic 
decline in activity, tn 
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US scientists in 
new row over 
cancer at work 


Previous studies of the incidence of 
cancer associated with occupational 
exposure to toxic substances may have 
seriously underestimated the true 
extent of the problem, according to a 
Statement issued last week by three of 
the US National Institutes of Health 
Such studies had tended to estimate 
that the incidence of cancers which 
would be associated with occupational 
exposure was between | and 15 per 
cent. But they had been flawed by 
factors such as the failure to take into 
account the latency period of several 
decades that may occur between ex- 
posure and the appearance of a cancer, 
or the synergistic effect of exposure to 


several carcinogens. the statement 
claims. 

Extrapolating from the results of 
recent studies of asbestos workers, 


it concludes that “there is nothing in 
the gross cancer statistics for the US 
population which is inconsistent with 
the hypothesis that up to 20-40 per cent 
of all cancers are (or will be in the 
next several decades) attributable to 
occupational factors”. 

Those who have contributed to the 
statement include Dr Arthur Upton, 
director of the National Cancer Insti- 


tute. and Dr David Rall. director of 
the National Institute of Environ- 
mental Health Sciences, as well as 





PVC production: dispute over hazards 


eight other scientists from these two 
institutes and the National Institute 
for Occupational Safety and Health. 
lo offer a figure for comparing the 
risks from exposure to various indus- 
trial compounds. the statement chose 
“excess Cancers” associated with each. 
(This quantity is defined as the pro- 
duct of the exposed population, the 
age-adjusted incidence of Cancer and 


an adjusted risk ratio.) The number 
of annual excess cancers associated 
with asbestos is then 13.900, but 
several other substances have excess 
numbers almost as high: arsenic, 7,300: 
benzene, 1,400; chromium, = 7,900; 
nickel oxides, 7,300; and petroleum 


products, 9,100. 


Ihe statement predicts that in the 
vears ahead, cancers caused by ex- 
posure to other substances will also 


Segin to rise sharply. “The five other 
agents together pose hazards similar to 
or greater than those posed by 
ashestos,”” says the report. “If only one 
of the thousands of chemicals intro- 
duced into commerce in the past 30 


Radio back-up in rural health service 


A VHF Communication network ts now 
operating in the rural area of Ballabh- 
garh, 35 kilometres south-east of Delhi. 
[he project is an experiment to see 
whether such a system Is an economic 
and effective way of providing health 
care for India. 

The network was planned and set up 
by the Information, Planning and 
Analysis Group of the Electronics 
Commission for the All India Institute 
of Medical Sciences which is running 
a Comprehensive Rural Health Service 
Project at  Ballabhgarh, providing 
health services to the local community 
and teaching medical and paramedical 
staff, 

The VHF network consists of four 
1S-watt fully transistorised transceivers 

three fixed ard one mobile-—and one 
400-mW walkie-talkie set. The fixed 
transceivers are at Ballabhgarh Referral 
Hospital and two primary health centres 
and the mobile transceiver in a hos- 
pital van. The walkie-talkie set is pro- 
vided to health workers during visits 
to patients in villages to communicate 
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with the main hospital. The network 
covers 368.64 square kilometres and a 
population of 100,000. 

In India, where the majority of 
people live in villages, health centres 
ure widespread with no telephone links 
hetween them. Information about both 
routine and emergency cases has to be 
delivered by hand and may often 
arrive too late to be of any use. A 
communication network hetween 
health centres is therefore seen as essen- 
tial for effective health care in rural 
areas, and a VHF communication net- 
work is a novel move. The cost- 
effectiveness has vet to be established 
For this purpose. each call made or 
received from a station is recorded and 
medical case histories connected with 
each call pursued to find out the useful- 
ness of the network in treating the 
patient. If the project proves its worth, 
its scope could be enlarged and the 
Ministry of Health and Family Welfare 
will be asked to establish similar net- 
works in other areas. 

Zaka Imam 
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years proves to be as hazardous as 
asbestos, this could suffice to maintain 
comparable rates of occupationally- 
related cancer for decades into the 
future.” 

Several industry scientists refused to 
comment on the report until they had 
had several weeks to analyse the data. 
However the President of the Society 
of the Plastics Industry called the 
statement “an embarrassment to 
medical science’. He cited a section of 
the report that predicted 1,940 excess 
cancer deaths a vear to exposure to 
vinyl chloride as evidence of faulty 
methodology. “The facts show clearly 
that vinyl chloride is hazardous to man 
only at high levels of exposure and over 


relatively long periods of time“. he 
ud. The levels of population con- 
sidered at risk by the statement are 


much too high, he concludes, saying 
that only 23 cases of cancer caused by 
exposure to vinyl cloride have been 
confirmed in the last 16 years. 

The statement, which is based largely 
on a number of individual studies 
carried out by various of its authors, 
was used by Health Secretary Joseph 
\. Califano as the basis of a speech 
earlier this month to a national 
conference on occupational health 
organised by the American Federation 
of Labour-—Confederation of Industrial 
Organisations (AFL-CIO) 

In his speech, Dr Califano said that 
the results were “alarming”, and that 
they would lead to an increased 
emphasis by the administration on the 
prevention rather than the cure of 
cancer, John Douglas 


Scepticism over Soviet 


promise to let Levich go 
FRIENDS and colleagues of Veniamin 
Levich have greeted with guarded 
enthusiasm the news that he may 
shortly receive a visa to emigrate from 
the USSR to Israel. This is not the first 
time the 61-year old Academician has 
been promised an exit visa. 


(his time. however. the situation 
seems more auspicious. The announce- 
ment of a visa for Levich and his 


wife. as well as for 17 other families 
of Refusniks. was made by US Senator 
Edward Kennedy after his recent visit 
to Moscow. during which he had talks 
with Mr Brezhnev. 

It seems likely that the current pro- 
mises are designed to alleviate western 
reaction to the recent wave of *human- 


rights’ trials in the Soviet Union. 
Senator Kennedy himself stressed that 
the granting of the promised visas 


would improve international relations. 
Until the Leviches actually arrive in 
the West. however. the possibility still 
remains that this promise is nothing 
more than a diplomatic gambit in the 
cause of paper detente. Vera Rich 
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Science: a means of locating resources 


OMETIMES I fear that we may lose 
S sight of a few realities when we 
relate science and technology to devel- 
opment. We must be a little guarded. 
in case too much of the burden for 
economic development and advance- 
ment of countries be placed on the 
shoulders of science and technology, as 
a result of which it will be blamed for 
the failures which will inevitably occur. 
Science and technology cannot provide, 
in themselves. the motivation necess- 
ary for development. This lies with 
the political will and in the social drive 
of the individuals and communities of 
a country, both in recognising their 
opportunities and realising them. 

In demonstrating that science and 
technology are nevertheless critical for 
development, | will limit my comments 
to economic development. This is not 
to ignore the social and cultural as- 
pects, or minimize their significance. 
but because they require a rather dif- 
ferent approach. Nor am 1 concerned, 
herein. with the current questioning 
of the value of economic development, 
as this can too easily generate only 
social palliatives instead of pragmatic 
solutions to poverty and inequity, and 
result in calls for the simple redistribu- 
tion of wealth at the cost of increas- 
ing it overall. It is a separate issue. 

The purpose of economic develop- 
ment, is. by and large, the increase in 
the production of wealth; and the pro- 
duction of wealth takes place by the 
application to natural resources of 
man’s labour. Under natural resources. 
| include not only all natural pheno- 
mena and associated resources. renew- 
able and non-renewable, transformable 
and non-transformable, but also the 
land itself. These are not the product 
of man. Labour. in this context. is the 
effort by man which arises from the 
application of his hands, brain and the 
tools which his brain has shown him 
will increase his efficiency. Thus, 
wealth is the product of man and his 
resources, which, obvious as it may 
seem, is often forgotten, as one too 
frequently reads of natural resources 
or human resources being regarded as 
wealth by themselves. The same applies 
to the scientific and technological 
capacity of a society. The point is 
important because loose thinking on it 
confuses the issues of the production 
and distribution of wealth and leads to 
a loss of objectivity in economic devel- 
opment and the assistance which 
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science and technology can offer it. 

The relationship of science and 
technology to the production of wealth 
can be seen once it is recognised that 
a natural resource is no use until it has 
been found, described and understood. 
Science, to an increasing degree, is the 
identifying process in bringing re- 
sources into the production of wealth. 
Technology, however. is related to 
labour, and the level of technology 
possessed by labour is the index of its 
efficiency. Given unlimited natural 
resources. wealth may be increased 
without improvement in technology, 
but with limited natural resources 
technology must be improved 

This provides a degree of distinction 
between many developed and develop- 
ing countries. In general, the former 
have increasingly to develop their 
technological capacity, whilst the latter 
have. for the most part. still to ensure 
that their natural resources have been 
identified scientifically and fully re- 
alised economically. 

It is important to determine, there- 
fore, if the balance demanded between 
science and technology is. for any 
country. the right one in relation to its 
stage of development and knowledge 
of its resources. There is a real danger 
that the cart is being put before the 
horse: that the developing countries 
are trying to launch into advanced 
technologies without an adequate 
economic justification. when they 
should still be seeking to upgrade their 
scientific capacity for its tasks both 


~ 


of inventory :aking and application to 
renewable resources. Technology is a 
requirement of circumstances, not an 
economic paracea. The ‘technological 
gap’, as it B called, is as much a 
reflection of the different needs of 
countries as it is of restrictive practices, 
justifiable or otherwise. 

The situaticn must also be seen with- 
in the time and circumstances within 
which it occurs. It has been noticeable 
that, particularly in countries which in 
the last decede or so have divested 
themselves of colonial rule, there has 
been a decline in the output of the 
scientific estarnlishments responsible for 
natural resoutrce inventories and im- 
provement of the yields from renewable 
resources. This has arisen because of 
the need of taiese countries to establish 
or strengther their capacity to train 
their own scientists. 

This is a major task, the priority 
for which has inevitably drawn scienti- 
fic and techamical manpower into the 
universities. often with better condi- 
tions and facilities than exist in the 
much older applied science establish- 
ments. Only now does one see the 
newly-trained manpower beginning to 
refill them. ft will need more time 
before able scientists will seek op- 
portunities in industry and only then 
if its product ve capacity and size will 
sustain viable research and develop- 
ment departments. It is at this stage 
that the transfer of advanced technolo- 
gies will realy become significant, not 
only because of the need, but 
because there will be an adequate in- 
digenous sciemtific capacity not only to 
seize and adapt it, but also, and perhaps 
more important, to create it 

I think, abo. that it is a well to 
remind ourselves of the basic dif- 
ferences between, and the origins of, 
science and technology 
be a tendency for administrators, in 
particular. to regard them as being 


also 


[here seems to 
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largely similar in quality and thus to 
be mutually interchangeable and com- 
petitive on the same terms. The de- 
velopment of the so-called applied 
sciences has further tended, in provid- 
ing a link between the two, to blur the 
issue. The result has been. I feel, an 
over-emphasis on the need for science 
to justify itself in the same way as 
does technology. and to have an im- 
mediate, direct and finite impact on 
socio-economic problems. Many scien- 
tists have subscribed to this, even if 
unconsciously, in the search for support 
for their activities. This too often leads 
to a shortfall in promises regarding its 
utility in the eyes of administrators and 
further strengthens their doubts about 
the efficacy of science compared to 
technology. 

Science, or demonstrable knowledge, 
is open-ended and has a separate exis- 
tence. It can be pursued for its own 
sake, having a cultural value as deeply 
felt and satisfying as that resulting 
from the study of art or the humanities, 
while still serving to relieve man’s 
condition. Technology, in its usually 
accepted sense, has no existence separ- 
ate from the material production in 
which it is involved or for which it was 
created. Science starts with man’s basic 
curiosity about his environment: where- 
as technology starts with man’s basic 
economic urge to carry out more easily 
or profitably a productive activity. 

Science. almost by definition. is non- 
existent until it has been communicated 
(transferred) to others. Technology has 
its proof in its products and, therefore. 
needs not itself to be transferred. there- 
by conferring rights to its personal 
ownership and a truly commerical 
value. Its ‘excellence’, if I may apply 
the term, is self-evident. Science, how- 
ever, needs to be patronised, because 
its value and excellence is not readily 
apparent, particularly to administra- 
tors. They have to monitor its achieve- 
ments and excellence, particularly in 
its more basic aspects, through scien- 
tists: and this has, and always will be, 
an act of faith on their part, which is 
not a basis for resource allocation they 
like, particularly since the demand has 
reached the level it has, today. 

Science and technology have been 
joined in modern times only because 
much advanced technology has to be 
science-based: it is now more often 
manufactured in research and develop- 
ment departments than invented by 
simple intelligence and manual skill. 
This, however, does not alter the na- 
ture of science and technology, al- 
though it does increase the role of 
science in the production of technology 
and further emphasises the need for its 
development. 

This brings me to my main point for 
developing countries, which is that in 
seeking economic and technical inde- 





pendence, particularly in decision- 
making, they must strengthen their 
scientific and engineering cadres, not 
only in their numbers and disciplines, 
but also in their excellence and 
problem-solving ability. which latter is 
the first step to the provision of a 
genuine indigenous technological capa- 
city. This requires the dynamic teach- 
ing of science from the secondary levels 
of education, through inspired guidance 
of senior students at the university 
level, to strictly disciplined research 
work at the post-graduate level. It 
means fostering scientific societies, both 
learned and professional, and the 
establishment of a stable corps of 
scientists large enough to be viable and 
self-critical. It involves increasing con- 
siderably the number and quality of 
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cadres, because most 


technical 
developing countries are characterised 
by poor ratios of technicians to scien- 
tists, which means that any technolo- 
gical improvement or change the latter 


the 


may prescribe cannot be widely 
applied. 

All this takes a long time and there 
is no short cut, least of all that based 
on too early attempts to introduce 
technologies for which the indigenous 
technical capacity to handle it is in- 
adequate or absent. We have already 
seen the mistakes resulting from trying 
to introduce the applied sciences before 
the basic sciences are adequately estab- 
lished. To repeat the error in respect 
of advanced technologies is a greater 
mistake and can mean an even more 
extended thraldom, through expensive 
patents and licenses, to technologies 
created originally for developed coun- 
tries. 

Moreover, if it is the contention of 
many developing countries, as it seems 
to be, that many of these technologies 
are inappropriate, for whatever reason, 
technical, ecenomical or social, then it 
is an even more self-defeating choice 
as a way to indigenous development. 
And, it carries with it the threat of 
limiting the resources for indigenous 
scientific effort and. thereby, the ex- 
ploration for, and discovery of, the 
natural resource potential of a country. 
which again brings me back to the 
point I made earlier, namely, that I 
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believe many of the developing coun- 
tries need to complete their natural 
resources inventories before launching 
into an era of high technology. 

I feel that for the realisation of 
UNCSTD’s primary purpose, which is 
the strengthening of the indigenous 
technological capacity of countries, 
that we must think not only of the 
problems of the choice and transfer of 
technology but also of the establish- 
ment of the right balance between 
science and technology for develop- 
ment of any country. 

Although Unesco’s own responsi- 
bilities are primarily concerned with 
the promotion of, and international 
cooperation in, the natural sciences, 
whereas other UN agencies have the 
prime responsibilities for these in the 
applied sciences, Unesco has increasing- 
ly emphasised the important role of 
natural sciences in relation to the iden- 
tification and development of the 
natural resources of developing coun- 
tries. It is still concerned about the 
inadequacies both in policy-making in 
this field and in the creation of effec- 
tive manpower resources to implement 
the policy. 

In respect of the transfer of techno- 
logy, Unesco recognises that the 
problem is much more complicated 
than that posed solely by the difficulties 
of gaining access to a particular 
technology. It involves the creation of 
a technologically-minded community, 
not only at the higher levels of special- 
isation but also at the lower levels of 
comprehension, where standards and 
excellence of technical handling are 
essential for the development of a 
genuine indigenous capacity which can 
respond to the needs and opportunities 
presented to it. Without the develop- 
ment of this basic ability, the transfer 
of technology alone will remain un- 
fruitful in the long run and tend to 
separate the communities involved. 

For both these reasons. Unesco still 
stresses the importance of the role of 
education as one, at least, of the tech- 
nical prerequisites for strengthening the 
scientific base of a country and for the 
successful importation and application 
of technology. It is. of course, not the 
only prerequisite. There are social and 
environmental constraints involved also 
in the transfer of technology and 
Unesco has developed programmes in 
these two fields to examine them and 
discuss the socio-cultural conditions 
likely to foster indigenous develop- 
ment processes. 

Unesco’s activities in this matter of 
science and technology for develop- 
ment, however. are limited by the 
availability of funds and the degree of 
international cooperation it can obtain. 
We hope that UNCSTD will urge the 
Member States to be more generous 
and far-seeing in both these. E 





A massive particle conference 
rom Frank Close | i 
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THE ‘most massive ‘subatomic particle. 
ever discovered was found at Hamburg 
just one week before a thousand physi- 


cists from all over the world gathéreď ` 


in Tokyo for the biennial conference 
on High Energy Physics. It'is the first 
time that this series of conferences, 
which began in 1951, 
outside- of its USA, west-European, 
east-European cycle The excitement 
that..has. been generated by the dis- 


coveries of the last four years has, 


created much cultural interest’ in the 
Far East in this most fundamental field 
of physics. and a delegation from the 
People’s Republic of China was attend- 
ing such an international gathering for 
the first time 

The message from the conference 
was clear. The ‘rapidly accumulating 
data of the past two. years have con- 


firmed our suspicions as to the picture - 


on Nature’s jigsaw’ The pieces have 
begun to fall neatly into place and an 
elegant portrait is; „emerging - 


~ 


Unifying the natural forces, 


The electromagnetic and weak inter- - 


actions are indeed unified in the ‘‘sim- 
plest” way.. the SU; x U, model. of 
Glashow. Weinberg and Salam. Briefly, 
there.is much evidence supporting this. 
and no high energy data that go against 
it 

.To accomplish this unification. Na- 
ture has a set of. fundamental :fermions 
(quarks and. leptons) and has ordered 
them into left-handed ‘pairs. For lep- 
tons we know now that three such 
pairs (or ° “generations’’) exist (News 
and Views 271, 406; -1978):-electron and 
neutrino; muon and a second: neutrino. 
T and a third neutrino The existence 
of the third pair has been firmly estab- 
lished only in the last year. For quarks 
two generations are well-established. 
The up and down: quarks (found in 
the proton) have been known for many 
years, whereas the. second generation 
of strange. and“ charm quarks were 
established when charmed -particles 
were discovered just before the pre- 
vious conference in this series (News 
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had ventured . 


and Views 262, 537; 1976). 
Evidence was presented to the con- 


ference that a fifth quark (bottom, b) 
exists. A sixth quark is confidently 


“predicted to complete the’ third genera- 


tion of quarks. There is optimism that 
the, advent of PETRA, the new elec- 
trop-positron colliding beam facility to 
be opened in Hamburg this month, will 
provide evidence for this sixth (top, t) 
quark before the next ‘conference in 
this Series. 

The leptons interact ‘by exchanging 
photons | (familiar , QED) and also 
W+, W` and Z ° “weak gauge bosons”. 
These must be found to really confirm 
the, model.: They are predicted to have 
masses around 70-90 GeV and so we 
have to be patient for about three 


years. A session on future accelerators . 


discussed the new machines under plan 
that may find these objects,. and also 
Teviewed the ideas for machines to be 
built around: the world in :the. longer 
term and .the profound questions that 
may be asked of them. ` 

The, quarks also interact with the 
above bosons.. In addition , quarks carry 
a quantum .number called “colour”. 
New evidence supporting this was pre- 
sented at the conference: 7 decay rates; 
electron-positron annihilation rates at 
low- energies from, Frascati and. DCI, 
Orsay, and the production rates for 


lepton pairs in proton interactions etc. © 


The quarks can then interact by ex- 
changing coloured gluons This leads to 
a theory called “quantum chromo- 
dynamics” 
QCD are 
QED)..and as such provides a theory 
of the strong (nuclear) interaction 


. One consequence is that the scaling | 


phenomenon seen previously: in deep 


, Inelastic scattering of leptons on pro- 


ton: targets should be violated in a 


-systematic way. In 1976 qualitative sup- 


port for this prediction was known It 
appears that quantitative support is at 
last emerging now that the older elec- 


tron and muon scattering data are ` 


being supplemented by neutrino inter- 
action data at: Fermi b. and, in 
¢ 


“4 


or QCD (these gluons of- 
analogues of the photons of . 


particular, at the CERN SPS im 
Geneva This facility became opera- 
tional wi 1976 and the high precision 
data that it has provided have been 
instrumental in establishing the -weak- 
electromagnetic unification and are now 


testing the QCD theory of strong inter- 


actions. 

Although the emerging data m 
lepton and in hadron interactions are 
all consistent with QCD, no conclusive 
tests that would confirm or deny the 
theory are’ yet available. Theorists are 
still uncovering some of the rich 
subtleties in the theory and there was 
much discussion as to the under- 
standing we have of the theory and 
what we must do to really test it ma 
severe way. 


Heavy leptons 

At the 1976 Tbilisi conference the 
existence of a heavy lepton (7) was 
controversial. In the two years since 
then its existence has been established 
beyond any doubt by a series of 
experiments at Stanford (SPEAR) and 


‘ Hamburg (DORIS). These have made 


precise measurements of its properties; 
e.g. its mass is known to be within 
0.5% of 1785 MeV (almost the mass of 
the deuteron! ). 

All the data suggest that the 7 decays 
by weak interactions producing a 
(massless?) neutrino and that parity 
is violated in the process. It indeed 
appears that just as the electron and a 
neutrino (¥.) are brothers in weak in- 
teractions (e g the radioactive B-decay 


‘of the neutron into proton, electron 


and Ve), and that Nature repeated 
itself with a second pair (muon and 
its neutrino v,), so now we have clear 
evidence that there is a third genera- 
tion óf leptons the r and its neu- 
trino. 

Each of these generations violates 
parity in wéak interactions in the same 
way. It seems that each generation is 
identical but for two things: the r is 
much heavier than the muon (100 


the Rutherford 


F. E. Close is in the Theory Division ‘at 
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MeV) which is in turn much heavier 
than the electron (0.51 MeV): just as 
the muon does not transmute directly 
into an electron (Nature 266, 679; 
1977) so the 7 does not directly turn 
into electron or muon. 

The data on the 7 decay patterns 
seem to be consistent with the above 
properties of the 7: decays which 
should not be seen indeed appear not 
to be there and decays which should 
be seen are found. In particular a pro- 
blem with t->7r+vr (News and Views 
271, 407; 1978) has now gone away: 
the decay 1s seen at the expected rate. 


Heavy quarks 

Having at last established the exist- 
ence of three generations of elemen- 
tary leptons (News and Views 271, 407. 
1978) attention has turned to the ques- 
tions of whether there is indeed a third 
generation of elementary quarks. 

In the summer of 1977. the Y (up- 
silon) particle, 9.4 GeV in mass. was 
discovered in muon pairs produced by 
proton-proton collisions at Fermilab 
(News and Views 271, 407: 1978). At 
the conference it was reported that 
the Y had now been seen by an inde- 
pendent Fermilab group and also by 
three groups working at the CERN 
Intersecting Storage Rings in Geneva. 

The real excitement was provided by 
the groups working at the electron- 
positron colliding beam machine (DO- 
RIS) at Hamburg. It was reported a 
month ago (News and Views 273. 705; 
1978) that the Y had been directly 
produced in electron-positron annihi- 
lation, with properties suggesting that 
it was a bound state of a fifth flavour 
of quark (bottom) and its antiquark. 
Just a few days before the conference. 
the DORIS groups managed to pro- 
duce a heavier version of this state 
(Y’) with a mass of 10.01 GeV. 
Measurement of its coupling strength 
to photons and comparison with the 
group’s data on the lighter Y were 
discussed and seem to indeed confirm 
that these are bound states of a bottom 
quark. 

This precise mass determination was 
communicated to the group at Fermi 
Lab who had earlier found the Y in 
their proton experiment. They do not 
have the precision of DORIS but their 
data had shown an = enhancement 
smeared out over 9 to about 10.5 GeV 
in mass which suggested that two or 
possibly even three Y -like particles 
were present. Now that the masses of 
Y and Y’ were known so precisely 
they were able to look again at their 
data and found that it indeed requires 
the existence of a third Y (Y^) with 
predicted mass of 10.38GeV. This 
discovery was telephoned to Tokyo with 
the recommendation that scientists at 
DORIS do a high precision search 
“between 10.379 and 10.381 GeV! ”. 
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This may turn out to be one of the 
first discoveries to be made at PETRA, 
the new higher energy electron-positron 
machine opening in Hamburg this 
month. What is interesting here is that 
only two ¥ states exist below charm 
production threshold and it had been 
predicted that three Y states should 
exist below bottom production 
threshold. This verification created 
much excitement for the PETRA pro- 
gramme since if the top quark exists 
(completing the third quark generation) 
then it will be much heavier still with 
the result that several @ states-~bound 
states of top quark and antiquark—- 
should exist below top production 
threshold. This gives the prospect of 
detailed investigation of quark 
dynamics by studying transitions among 
these levels of ‘‘toponium” analogous 
to transitions among levels of posi- 
tronium and hydrogen in atomic 
physics. 

The Hamburg group has studied the 
decay products of the Y. They have 
a different angular distribution than 
the particles produced in the electron- 
positron annihilation at energies just 
away from the Y resonance. This is 
precisely as predicted by QCD. How- 
ever. it is not yet possible to be entirely 
sure that the effect is due to QCD as 
against random filling up of available 
phase space. This will become clear 
when the @ (“toponium’’) is found 
since at extreme energies the QCD 
theory predicts angular distributions 
quite unlike random phase space. 


Future prospects 

An experiment from Fermilab was 
reported that shows that particles con- 
taining b quarks are not stable. which 
implies that b quarks decay weakly. 
Decays of quarks in one generation 
producing quarks in another genera- 
tion are familiar (News and Views 266, 
301: 1977) and are accommodated by 
the Cabibbo mixing theory. The decay 
of the b quark implies a new Cabibbo- 
like mixing involving the third genera- 
tion with first or second generations. 
Weinberg stressed that (barring an 
accident) this necessarily leads to CP 
violation and hence one of the great 
puzzles of physics may be about to be 
solved. Indeed. such a theory of CP 
violation was postulated by Kobayashi 
and Maskawa in Japan as long ago as 
1972. An important experimental pro- 
gramme will be to study the properties 
of b decays to see if they are quanti- 
tatively in accord with the magnitude 
of the CP violation which ts known to 
exist. 

If these expectations are all verified, 
then will this be the end of physics? 
Weinberg highlighted some of the 
remaining profound questions. Can we 
unify the strong with the weak and 
electro-magnetic forces? (some ideas 
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here were reviewed by Salam). Can we 
understand the various dimensionless 
parameters that pervade our universe, 
like the fine structure constant a, 
ratios of lepton masses and quark 
masses; the magnitude of the Cabibbo 
quark mixing angles and the weak- 
electromagnetic (Weinberg) mixing 
angle. The conjecture was that these 
answers may come as a consequence of 
a successful grand unification of the 
natural forces. 

Lurking in the background was 
gravity, Grand unification may take 
place at energies like 10 GeV (the 
Planck mass) and the reason for there 
being distinct forces with different 
strengths in our current experience 
may be due to the present coolness of 
the universe. So how might we achieve 


this grand unification? Weinberg 
revealed his ideas-—-a blank trans- 
parency. E 


Echinoderm biology 
from David Nichols 


Two international meetings devoted 
entirely to echinoderm biology have 
taken place this year: in March, the 
Third International Echinoderm Con- 
ference was held at the Australian 
Museum, Sydney, and in July a meeting 
was organised principally for European 
workers at Bedford College, London. 

At both meetings this year, the pro- 
portion of papers offered on the various 
groups of echinoderms was remarkably 
similar: notably, about a quarter at 
each were devoted to starfishes, and a 
tenth to palaeontological aspects. A 
major difference in the coverage was 
that at Sydney about a quarter of the 
papers were taxonomic, reflecting per- 
haps the present concentration on this 
type of work in the Australasian area, 
while in London only a single paper 
(by an Australian) was taxonomic. 

It would have been all too easy for 
the Sydney meeting to have been dom- 
inated by papers on the coral-devouring 
Crown-of-Thorns Starfish, but the con- 
vener, F. W. E. Rowe (Australian 
Museum), wisely rationed this subject 
to three papers. One of these referred 
to the possible cyclic occurrence of 
population explosions in this starfish. 
Elderly fishermen have said that they 
recall abnormally large numbers of 
Acanthaster being present on the Great 
Barrier Reef at about the turn of the 
century, and E. Frankel (University of 
Sydney) has examined cores taken 
from the reef talus in several areas fo 
see if he can identify abnormally high 
concentrations of the disarticulated 
skeletal ossicles of this starfish among 
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the broken coral and other material 
through the cores. He has assumed that 
the relative occurrence of these ossicles 
at the various levels in the cores might 
reflect the relative abundance of the 
starfish at the time the debris was being 
abraided from the reef. So far, Frankel 
has gone back 900 years, and, while 
not yet recording evidence of a plague 
70 or 80. years ago (at the turn of the 
century), he has recorded higher-than- 


normal incidences of remains of 
Acanthaster at 110, 185 and 450 
years BP. 


The conveners of the London con- 
ference accepted two papers on Acan- 
thaster. First, R. G. F. Ormond 
(University of York) described a com- 
puter model for the population strategy 
of the starfish, based on data from 
studies by the Cambridge Coral Starfish 
Research Group in the Red Sea. The 
model showed, for instance, that a rise 
in ambient temperature of a mere 2 °C 
could produce a population explosion 
from the ‘background’ level of 10 to 
25 animals per kilometre of reef front 
to plague proportions of 130 or so. This 
suggests that Acanthaster may lie 
somewhere near the centre of the r-K 
strategy spectrum (in MacArthur and 
Wilson’s terminology), and it may 
vacillate between low and high popula- 
tion levels, as suggested by the periodic 
plagues shown by Frankel’s data. 

The second paper on this animal was 
by J. Vasserot (Station Biologique, 
Roscoff, France) who suggested that a 
useful method of control in times of 
plague might be the use of hyper- 
salinity, which he has found effective 
against the large European starfish, 
Marthasterias. The method consists of 
spreading common salt crystals over 
the aboral surface, and the treatment, 
which is non-polluting, results in death 
in a few days..In discussion after this 
paper, a contributor remarked that this 
method is already in use by Dutch 
shellfishermen, who transfer growing 
mussels from mussel-beds to the holds 
of their ships, subject them to high 

salinity, then return them to the beds. 

This treatment is apparently effective 
in killing starfish predators adhering to 
or hiding among the mussels, but does 
not kill the mussels themselves. 

At one time a possible biological 
control of the Crown-of-Thorns was 
suggested, which involved seeding the 
infested reefs with a shrimp, Hymeno- 
cera, which was known to attack star- 
fishes by piercing the body wall and 
extracting coelomic fluid. The method 
was not successful, but it focused 
attention on the relationship between 
shrimps and echinoderms. It later 
began to emerge that such associations 
are more commonly symbiotic or com- 
mensal than predatory. At the Sydney 
meeting, A. J. Bruce (Director, Heron 
Island Research Laboratory, Queens- 
land) gave a survey of such associations 
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in the Indo-West Pacific region, and 
estimated that about IL% of known 
shrimps in these waters form some sort 
of association, mainly with starfishes, 
sea-urchins and feather-stars. Many use 
the host merely as a retreat, and 
emerge on to the substrate to feed; 
sometimes there may be as many as 
50 shrimps on one host; colour patterns 
in a single species differ according to 
the host and are often highly cryptic; 
diurnal colour change has been ob- 
served; and some shrimps shave a sea- 
urchin of some of its spines to make a 
‘clearing’ in which to reside. Little is 
yet known of these associations, clearly 
a rich field for future work. 

Still with interspecific associations, a 
highly unexpected spin-off came from 
some conventional studies of reproduc- 
tive cycles in the common Australian 
cushion-star Patiriella exigua by D. T. 
Anderson and C. Lawson-Kerr (Uni- 
versity of Sydney), this time between 
the starfish and a terrestrial caddis-fly. 
Philanisus is a caddis that is known to 
inhabit the littoral zone in Australia, 
but until now its intermediate host has 
been a mystery. During routine section- 
ing of the gonads of the starfish, these 
workers observed some egg-strings that 
clearly did not belong to the starfish, 
and these were subsequently identified 
as belonging to the caddis-fly. The 
female fly was later seen to settle on 
the dorsal surface of the starfish at low 
tide and penetrate the dorsal integu- 
ment in the region of the gonads with 
a long ovipositor. As yet, the emerg- 
ence of the young flies has not been 
observed. This must be one of the very 
few examples of echinoderms used as 
intermediate host to a terrestrial 
organism. 

At both meetings there were papers 
on one of the most controversial aspects 
of the present-day study of echino- 
derms, namely, the interpretation of 
the structure and relationships of a 
group of fossils variously called car- 
poids, homalozoans or heterosteles. 
Most echinoderm biologists interpret 
the unusual fossils in purely echino- 
derm terms, with a flexible plated body 
pierced by the usual echinoderm 
orifices and with various appendages 
protruding from the body for fixation 
or feeding. However, in the late 1960s 
R. P. S. Jefferies (British Museum 
(Natural History), London) produced a 
new interpretation of them in mainly 
chordate terms. referring to them as 
calcichordates on account of their 
calcite skeletons. At the London meet- 
ing. Jefferies showed how he views 
both echinoderms and chordates as 
descended from an ancestor that had 
settled on the right side of the body 
(the dexiothetic condition). The calci- 
chordates were seen as the primitive 
chordate descendants and included 
forms regarded as primitive cephalo- 
chordates, tunicates and vertebrates. 





He proposed the term Dexiothetica-for 
the echinoderms and chordates to- 
gether. The most primitive calcichor- _ 
dates were remarkable in having — 
gill-slits on only the left side of- the 
head, and he pointed out that in the 
development of the living primitive 
chordate Amphioxus there is a com- 
parable stage with left gill slits only, 
Jefferies explained this as a straight- 
forward case of Haeckelian recapitula- 
tion. 

This view has not yet won general 
acceptance, and at the Sydney meeting 
G. Philip (University of Sydney) 
gave a short critique of what he saw as 
the main points of conflict between the 
two principal views of these animals. 
For instance, the ‘chordate’ school, 
principally Jefferies, sees the projecting 
structure of cornutes such as Cothurno- 
cystis as a propulsive organ, complete 
with ossicles ventrally with large 
muscles above them which were roofed 
over by immoveable plates; the same 
structure is seen by those who view the 
animals as echinoderms as a typical 
feeding ambulacrum, complete with 
groove for radial nerve and water 
vessel, cups fer the origin of tube-feet 
and openable coverplates for protec- 
tion, very much like an arm of a 
modern sea-lily or brittle-star. There ts 
clearly a wide divergence of view on 
the interpretation of these animals, and 
the hope was expressed in discussion 
after Philip’s paper that the next Inter- 
national Conference should devote 
a session to this one topic. Much rests 
on the presumed occurrence of certain 
types of soft tissue adjacent to the fos- 
silised hard parts that now remain, and 
perhaps research now underway in 
Exeter on the nature of the calcite that 
underlies various kinds of soft tissue 
will be able te offer additional evidence 
on whether, for instance, large propul- 
sive muscles really did lie along the 
projecting stalk of carpoids, or whether 
the crystalline structure of the skeleton 
in that region is more consistent with 
other interpretations. 

There may now be a break-through 
in the study cf the echinoderm nervous 
system. Hitherto, workers have been 
hampered by the difficulty in recording 
either intra or extra-cellular potentials 
from individual nerves, because of 
their close packing and mostly small 
size. Now. however, it looks as though 
recording is possible, at least in those 
echinoderms which have recently been 
shown to possess giant fibres. An 
American worker. P. H. Brehm, has 
succeeded in recording extracellularly 
from a single nerve axon, using refined 
suction elctredes on the giant fibres in 
the radial nerve cord of a brittle-star. 
J. L. S. Cobb (Gatty Marine Labora- 
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tory, St. Andrews) reported to the 
London meeting that he has repeated 
Brehm’s technique, and has recorded 
the potential along over 70 cm of a 
single brittle-star nerve upon photic 
stimulation. The way may now be open 
for much further progress in the study 
of the neurological basis of observed 
echinoderm behaviour which has until 
now proved so difficult. 

Research effort in echinoderm bio- 
logy is increasing. An Echinoderm 
Newsletter produced by D. L. Pawson 


and M. E. Downey (US National Mu- 
seum, Smithsonian Institution, Wash- 
ington) is mailed to over 700 workers, 
and the three International Confer- 
ences have generated a surprisingly 
large response. At the two meetings 
this year there was talk of establishing 
a learned society devoted entirely to 
echinoderm biology, and of seeking 
support for a journal. Maybe this re- 
flects a growing awareness that many 
marine habitats are dominated by this 


cee 


group of macroinvertebrates. La 


Recombination in semiconductors 


from P. T. Landsberg 


RECOMBINATION processes in semi- 
conductors have become increasingly 
important since the invention of the 
transistor. In semiconductor devices 
switching and storage times are gov- 
erned by the recombination lifetimes 
of excess carriers, as is the photo- 
voltage generated in solar cells. and in 
light-emitting diodes it is the ratio of 
radiative to total life times that plays a 
crucial role. Fundamental work in the 
field of recombination was the subject 
of a meeting on Recombination in 
Semiconductors which took place in 
Southampton at the end of August. Sir 
Neville Mott gave the opening address 
and his support and interest was widely 
appreciated by the participants. 
Many of the semiconductor mech- 
anisms-—certainly radiative and Auger 
recombination—are of interest in 
plasma physics. This includes the cas- 
cading of a non-equilibrium electron 
down a ladder of states with the 
emission of a boson at each step. In 
plasmas and gaseous nebulae for 
example the boson is a photon and we 
then have a radiative cascade. Another 
recent development in this field is the 
hybrid process of a phonon cascade and 
multi-phonon process for the last step. 
when the electron reaches the ground 
state of a deep centre from its first 
excited state (N. F. Mott, Cambridge). 
What other bosons are there? Should 
we not also expect in due course to be 
working on a plasmon-cascade, as 
narrow gap semiconductors become the 
subject of more accurate experiments? 
Although this process does not appear 
to have been considered before. 
electron-hole recombination can be 
greatly increased if a marrow energy 
gap can be tuned to the plasmon or 
optical phonon energy. Photoconduc- 
tivity measurements on semimetallic 
Hge-x Cd, Te alloys reported by 
Dornhaus and Nimtz (Cologne) have 
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now confirmed this view, Of course for 
far infra-red devices it is desirable for 
good detectivites to find ways of length- 
ening life times rather than shortening 
them; coherent plasmon emission is, 
however, brought closer. 

The analogy between semiconductors 
and plasmas is driven home by low 
temperature photoexcitation. The 
electron-hole pairs may then be so 
tightly packed that there is not enough 
space for exciton orbits of 100 A or so, 
and one then has an electron-hole 
plasma or liquid. Just as there are 
droplets formed in the transition 
between water and water vapour at 
high humidity. so one has in this case 
the possibility of drops of electron- 
hole liquid in an exciton gas. The drops 
can be made to coalesce by the appli- 
cation of strain fields and so can reach 
radii from 50um to 70004m. In a 
dynamic equilibrium excitons condense 
on the drops and split up into electrons 
and holes so as to replenish the pairs 
lost by recombination within the drops. 
Studies of these effects were reported by 
Kelso and Furneaux (Univ. of Calif.. 
Berkeley) who suggested the import- 
ance of a constant (i.e. independent 
of the pair density) term in the drop 
recombination rate. The experiments 
can be done for example by studying 
the decay of luminescence after laser 
cut-off. While Auger recombination 
dominates in unstressed drops in Ge, 
it may be that impurity recombination 
gives rise to the constant term and 
dominates in the stressed case. The 
radiative recombination from the drop- 
lets may be expected to be about 8 Mev 
wide by considering the separation 
between the quasi-Fermi levels. 

Using appropriate reduced variables 
yields phase diagrams for electron-hole 
drops which are remarkably similar to 
those found many years ago for a num- 
ber of gases. For lower excitation one 
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tends to have an exciton gas without 
drops. and no drops form above a cri- 
tical temperature. Other highly interest- 
ing recombination effects in the e-h 
plasma include the possibility of popu- 
lating the direct minimum in Ge by a 
band-band Auger effect (Klingenstein 
and Schweitzer. Stuttgart Univ.). 

The weaker concentration depen- 
dence of the Auger effect in degenerate 
(~ np) compared with non-degenerate 
(~ n'p. np’) materials is relevant when 
setting up the steady state equations 
for droplets. A stronger dependence 
even in the degenerate material can 
again be obtained if k-conservation is 
neglected or because of higher order 
effects (np) as has been shown by 
Haug (Solid-State Commun. 22, 537; 
1977). 

When we come to bound excitons, it 
was found some years ago that radia- 
tive decay dominates for direct gaps. 
In an interesting report it was sug- 
gested that for small direct gaps the 
Auger recombination dominates over 
the radiative mechanism. As the gap is 
made smaller the Auger effect comes 
more easily and the radiative transition 
is less easy. This can be studied in 
Hg,.,CdxTe whose energy gap E. can 
be changed by varving x. The two 
mechanisms are equally important for 


E.:~0.5eV in this case (Osbourn ef 
al.. Caltech. Pasadena). The tem- 
perature dependence of the Auger 


=t 


effect gave oa X na ™* instead of na’, 
where nea Is the extrinsic carrier con- 


centration (Gerhardts, Berlijn and 
Dornhaus & Nimtz, Cologne). The 


luminescent decay kinetics for excitons 
bound to isoelectronic traps in the GaP 
(the light-emitting diode material) was 


discussed by Sternheim and Cohen 
(Haifa). 

Multiphonon processes are an- 
other field of current interest. The 


configuration coordinate diagram for 
ground and excited states of a centre 
show that (for broadened vibrational 
energies) one can have at one and the 
Same energy a low-phonon excited 
state and a many-phonon ground state. 
The multiphonon transition can be 
visualised in this way. Indeed the 
energy given up in this type of 
recombination (and also in some other 
mechanisms) can pass to a defect and 


enable it to diffuse or dissociate 
(Kimerling. Bell Labs.). One appli- 
cation of this idea (Hutchinson, 
Birmingham) is that a dislocation 


emits vacancies into the surrounding 
lattice as the recombination energy is 
dissipated. thus increasing trapping 
defects and causing degradation in 
devices such as lasers. If this were a 
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key degradation process, one’ would 
try to use disclocation-free material in 
these semiconductor devices: In solar 
cells the - lattice perfection is of 
importance (Kazmerski, Solar Energy 
Research Institute, Golden), as is re- 
combination as a ‘limit on efficiency 
(Klimpke and Landsberg, Southamp- 
ton). 

Just as it is desirable to design ex- 
periments which make the energetic 
Auger electron visible in some sense 
when the Auger effect is believed to be 
important, so also in phonon transi- 
tions it is useful to have as direct a 
way as possible to find evidence for the 
emitted phonons. This was- recently 
shown to be possible by experiments 
on GaAs using a superconducting bolo- 
meter consisting of a granular AI film 
(Narayanamurti et al., Phys. Rev. Lett. 
48, 63; 1978). They identified phonon 
emission and explained the fraction of 
longitudinal and transverse phonons in 
terms of selection rules. This work has 
now revealed an anisotropy in phonon 


generation when observations are made. 


along -different crystallographic direc- 
tions,.using n-GaAs epitaxial layers and 
also p-n junctions. There is a pleasing 
correlation with light output of dis- 
located p-n junctions suggesting that, 
this process is an important mode of 
non-radiative recombination. 

It is known that in GaP grown by 
liquid phase epitaxy dislocations limit 
the lifetime and hence the radiative 
output of green light-emitting diodes. 
Dimitradis er al. (UMIST, Manchester) 
showed how the lifetime increases in 
GaP as one leaves the neighbourhood 
of a single dislocation line, and how it 
approaches the bulk dislocation-free 
value at the distance of one diffusion 
length. 

The radiative transitions between 
Landau levels in n-InSd observed in 
1972 have now been studied further to 
find that the lifetime of excess carniers 
in the first Landau level is inversely 
proportional to the concentration in 
this level (Muller & Gornick, Vienna 
and Bridges: & Chang, Bell Labs). 
Short. times of ~10°"s are found for 
concentrations of the order of 10” 
cm”. A new but expected effect which 
was reported by Street et al. (Xerox, 
Palo Alto) 1s the magnetic field en- 
‘hancement of luminescence in amor- 
phous silicon. It is related to the 
anomalous photoconductivity and one 
wonders how general this effect is, 
since a magnetic field can cause an 
increase in lifetime by a factor of order 
20 at 4K in Hgi-.Cd.Te 

Finally, a new technique of recom- 
bination centre photocurrent analysis 
suitable for inhomogeneous distribu- 
tions of recombination centres was 
proposed by Lang & Henry of Bell 
Laboratories E 
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Has Atlantis 
disappeared again? 
om D. H. Tarling ; 


THe popular imagination has been 
captured by the idea that the'destruc- 
tion of Atlantis, as outlined by Plato 
from Egyptian sources, was in fact a 
record of the eruption of the Thera 
volcano in the -Aegean some 3,500 
years ago—which destroyed the 
Minoan civilisation ‘not only on the 
volcano itself, but also on Crete and 
the surrounding islands. (S. Marinatos 
Antiquity,'13, 425; 1939, J. C ' Luce 
The End of Atlantis Thames & Hudson, 
1969). At the same time, scientists con- 
cerned with the area who had pre- 
viously promoted this image seem to 
be’ revising their views and are now 
proposing only tenuous links between 
the eruption and’ the decline of the 

Minoan thalocraty ‘The problem 1s 
that there seems to be a distinct inter- 
val between the two events of the order 
of 50 years: If such a gap really exists, 
It seems unlikely that the’ civilisation 
was ended either by tsunamı destroying 
their fleets or by volcanic ash-fall 
destroying ‘their crops, This interval is 
of critical interest to archaeologists and 
historians, but the succession of events 
during the largest volcanic eruption in 
history—at least four times as power- 
ful as the 1883 Krakatoa eruption—is 
also of interest to a much wider audi- 
ence. To discuss these matters of com- 
mgn interest archaeologists and Earth 
scientists gathered’ for the 2nd 
International ` Thera Congress, 
sponsored by Peter Nomukos, and held 
aboard a ship cruising the relevant 
areas of the Aegean. 

‘The geophysical-geochemical back- 
ground to the Thera volcanic activity 
was, naturally, based on plate tectonic 
models in which an East Mediterranean 
plate is descending to some 110-140 km 
beneath the Aegean; from which vol- 
canic magmas are currently being 
derived (H. Berckhemer, Frankfurt; D. 
Kiskyras, Athens; B C. Papazachos & 
P D: Comninakis, Thessalonika). 
Geochemical evidence of major, trace 
and rare earth distribution were in 
remarkably good agreement for a 
model in which water released from the 
descending plate caused partial melting 
in the mantle wedge overlying it (I. A 
Nicholls, Monash; H Puchelt, 
Karlsruhe; R. S` Taylor, ` Canberra) 
and the magmas are therefore un- 
related to descending slab, except 
indirectly, and are also virtually free of 
contamination from the thin, overlying 
Aegean crust. The Aegean, in fact, 
seems to have a thin crust that is 
currently in tension (N C Fleming, 
Godalming)}—a surprising observation 
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when it is considered that most of the 
surrounding areas are under strong 
compressive stress. This situation is 
probably related to convective circula- 
tion beneath this marginal basin, 
although it is important to distinguish 
major differences between this area and 
the Pacific margin Around the 
Western Pacific, earthquake activity 
proceeds to much greater depths than 
in the Aegean and oceanic crust ‘is 
being subducted, whereas the Eastern 
Mediterranean crust is generally con- 
sidered to be exceptionally thick 
oceanic or thin continental crust. 
However, as earthquake activity in 
the Aegean has only been recorded in 
detail for something like the past 50 
years and only with adequate precision 
for the past 10 years or so, comparison 
with the Pacific margin is still needed 
to evaluate possible relationships 
between earthquake and volcanic 
activity. C. Blot (Sollies-Pont) made 
analogies with Guatemala, in particu- 
lar, to predict that major earthquakes 
about 100 km beneath Thera would be 
followed some 14 to 2 years later by 
either an eruption or major shallow 
earthquake on Thera and that this 
would be followed, some 3 years later, 
by strong shallow earthquakes in the 
area of Crete Unfortunately the pre- 
cise relationship between earthquake 
and volcanic activity is still to be firmly 
established, and many earthquakes 
seem to be unrelated, in any direct 
fashion, to magma migrations. It is 
difficult therefore to apply such models 
to explain the apparent time-gap 
between’ the archacological evidence 
for earthquake activity and subsequent 
volcanic activity and then further 
possible earthquake activity. 
Surprising ‘unanimity was also ex- 
pressed by volcanologists attending the 
Congress. There was, for example, 
agreement that the volcanic deposits 
were related to only one cycle of vol- 
canic activity and that this activity, by 
analogy with Krakatoa 1883, probably 
took place during a single day 
(C. J. & D. Vitaliano, Indiana; -H 
Pichler, Tubingen; W L. Friedrich, 
Aarhus, R W Decker, Dartmouth) 
This contrasts with previous interpreta- 
tions of some ash-falls as being related 
to up to three distinct eruptions, with 
possible intervals of a decade or so 
between each fall. This unanimity re- 
flects ‘increasing understanding of 
volcanic processes and geochemical 
evidence for the uniformly increasing 
basicity of the tuffs as the pumice was 
generated (C J Vitaliano et al., 
Indiana) It 1s now clear that the earth- 
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quake that destroyed the Minoan city 
of Akrotiri, on Thera, occurred long 
enough before the eruption—to allow 
people to return and attempt some 
initial clearance (C. Doumas, Thera). 
The eruption itself clearly started with 
an ash-fall of ~1-2m thick over the 
city and was preceeded by a very fine 
pumice fall, only some 1-2 cm thick. 
which may have been sufficient warning 
for those clearing the site. The main 
pumice, however, seems to have been 
in the form of a base surge, followed 
by a chaotic ash-flow stage during 
which large volcanic bombs continued 
to be spouted out of the volcano. There 
were clearly no distinct nuée ardente 
deposits, although some pumice debris 
on wall frescoes has been used to 
determine the direction of flow of these 
glowing dust clouds (P. Hédervari, 
Budapesi). One of the most puzzling 
observations was that preliminary 
palaeomagnetic data indicated that the 
walls of the Minoan city had not even 
been warmed by the volcanic debris 
and that both the ash-fall, base-surge 
and ash-flow deposits seemed to have 


been emplaced very close to room 
temperature (D. H. Tarling. New- 
castle). thereby indicating mud-flow 


origin (A. Bond & R. S. J. Sparks, 
J. Geol, Soc., 132, 1: 1976) at ambient 
temperatures, Whatever the origin, 
there was clear agreement that these 
deposits were all accumulated in a very 
short time so that the interval between 
the Thera eruption and the end cf the 
Cretan thalocracy could not be inter- 
preted in terms of a succession of erup- 
tions spread over, for example. 50 
years. There was also surprising agree- 
ment on the improbability of the 
pumice ash, that undoubtedly fell on 
eastern Crete (F. W. MeCoy. 
Columbia), having any great effect on 
the harvest for that or subsequent years 
unless the pumice also included 
poisonous gases, such as fluorine (D. 
Vitaliano, Indiana). [t was even sug- 
gested that the thin ash-fall. at most 
S$cm thick, could have been beneficial. 

The effects of tsunami (I. Yokoyama, 
Hokkaido), associated with either the 
earthquake or volcanic eruptions, 
received surprisingly little direct atten- 
tion. In general. most earth scientists 
were mainly concerned with establish- 
ing that any tsunami would not have 
affected ships at sea and any effects 
would be restricted to the damage of 
ships at anchor and harbour installa- 
tions. There is little evidence for har- 
bours along northern Crete at that 
time (N. C. Fleming. Godalming)—an 
observation which received little com- 
ment vet must have important implica- 
tions for the idea of a thalecracy 
governed from Crete. The only solution 
seems to be that the catastrophic series 
of events had such a psychological im- 


pact that any religious-based adminis- 
trative system would have collapsed. 
Nonetheless. such a disintegration 
would still be expected in late Minoan 
[A times and not up to 50 years later. 
The “C dating of both short-lived 


materials (grain, shrubs, burnt bone for 


example) and long-lived materials has 
raised more problems than it has solved 
(P. Betancourt, M. Biddle & E. Ralph, 
Philadelphia). Unlike most other sites, 
both types of material show an extra- 
ordinary range in values, with 70'%, of 
the ages for both types of material 
more than one standard deviation older 
than the expected 1500-1400 sc date— 
an age which is known from the good 
correlations between the precise 
Egyptian chronology and Minoan 
pottery styles on Crete. Although the 
Congress was only presented with the 
carbon dates, it seems that the only 
sensible interpretation is that the region 
of Akrotiri was completely abnormal 
for well before the earthquake which 
was to destroy it. It seems unlikely that 
the “C dates have been affected by 
later contamination as most of the 
materials were well sealed with the 
archaeological deposits, so the most 
likely, but still imponderable, explana- 
tion is that the vegetation in the area 
was accumulating varying degrees of 
old carbon in its structure whilst grow- 
ing. The processes by which this 
occurred are unclear, as any volcanic 
gas emanations would rapidly mix with 
the atmosphere and clearly much more 
detailed study is required to establish 
how such a situation may arise as it I$ 
clear that the normal assumptions on 
which “C is based do not seem to be 
valid here and must raise doubts as to 
their validity in other situations, until 
the cause of the internal scatter in the 
Akrotiri materials can be satisfactorily 
explained. 

The archaeological basis for a dif- 
ference in age between the Thera 
eruption and the Minoan decline has 
changed little. In general, most archae- 
ological and historic studies confirm 
that there was a real time-gap between 
the Late Minoan IA pottery motifs 
found in Thera and those extant in the 
Late Minoan IB period in Crete at the 
time of the takeover by the Mycenaeans 
(S. Hood, Oxford; A. Furumark, 
Uppsala). The evidence suggests that 
the takeover was not a deliberate in- 
vasion but that a Mycenaean explora- 
tory fleet came across a Minoan Em- 
pire that was in complete disarray for 
unclear reasons. 

To some extent, therefore. Earth 
scientists have provided a somewhat 
more uniform picture of the sequence 
of events during the Thera earthquake 
and eruption. but such models are still 


likely to be drastically modified if 
archaeological evidence can be ob- 
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tained for a revision of the relation- 
ship between several earthquake events 
during the period 1500-1400 sc and 
the volcanic eruption. It will be sur- 
prising, however, if such a major series 
of tectonic events should not be directly 
related to the otherwise puzzling, rapid 
decline of the Minoan civilisation at a 
similar time. EJ 





A hundred years ago 


AMONG the resolutions passed by the 
International Congress on Weights, 
Measures, and Coins, at Paris, was the 
following: —The Congress learns with 
pleasure the progress of the metric 
system; it deplores that England, 
Russia, and the United States have not 
vet entered into the same path: and it 
is of opinion that the Governments of 
those countries should be solicited to 
give effect as early as possible to an act 
of progress so eminently useful to 
science, commerce, and international 
relations.” The British and American 
members had a separate meeting, and 
resolved to petition their respective 
Governments to appoint a mixed com- 
mission to consider adoption of the 
metric system by both countries, and 
to make all necessary recommenda- 
tions for the proper legislation to secure 
the desired end. 


1 am able to confirm the accounts given 
by Mr. Simson in your last number as 
to the probability of the hearing of 
insects. When travelling on the River 
Magdalena, New Granada, in 1861, the 
mode of which is by a long boat, arched 
over with bamboo. on which the sailors 
(bogas) passing from one extremity to 
the other, propel it with long poles, 
hugging the river bank, accompanied 
with wild cries and execrations, l 
observed on several occasions that these 
cries suddenly ceased, a dead silence 
following, and on inquiring the cause 
they pointed to nests high up in the 
trees, whispering the word vispa (wasp). 
As the bogas pursue their avocations 
in a state of semi-nudity, they have the 
greatest dread of these inspects, fearing 
to speak aloud, as their only alternative 
if attacked by them is to plunge into 
the stream. where alligators abound. 
The wasp is long. slender, and black in 
colour. 


Erom Nature 18, 26 September, 576; 
1878. 
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The tau heavy lepton—a recently discovered 


elementary particle 
Martin L. Perl* 


This review recounts the history of the discovery of the tau heavy lepton. Evidence for the tau being a 
lepton is summarised and the known properties of the tau are discussed. 


THERE is now very substantial evidence for the existence of a 
new elementary particle called the tau (7). (The name r is taken 
from the first letter of the Greek word rpirov. It signifies that the 
T is the third charged lepton to be found, the first two being the 
electron and the muon.) Elementary particles are the’ simplest 
forms of matter and through studying them we hope to under- 
stand the fundamental nature of matter. As I will show in this 
article, the properties of the r are analogous to the properties of 
the electron (e) and muon (u). Therefore, the r has been 
classified as a member of the lepton particle family (Table 1) 
eventhough it is much heavier than the e or u, having a mass of 
almost 1,800 MeV/c’. The discovery of this new lepton has 
particular significance in the world of elementary particles 
because the lepton family has so few members, and because the r 
is so relatively massive. One purpose of this article is to discuss 
that significance; the other purposes are to outline the evidence 
for the existence of the r and to describe its properties as far as 
we know them. 

The first evidence’ for the existence of 7 leptons was found at 
the SPEAR electron—positron colliding beams facility of the 
Stanford Linear Accelerator Center (SLAC). The r's were 
produced through the electron—positron annihilation reaction 


e+e > rt+r” (1) 


a simple reaction whose theory is well understood. All 
subsequent studies of the r at SPEAR and at DORIS, the 
electron—positron colliding beams facility at the Deutches Elek- 
tronen-Synchrotron (DESY), have used reaction (1). (See refs 
3-6 for reviews on 7.) Therefore, in this article, I shall limit my 
discussion of the production of r’s or other heavy leptons to this 
reaction. — 7. n l 

The unique position of the leptons in elementary particle 
physics is illustrated by Table 2 which summarises the 
differences between the lepton and hadron families. The 
hadrons are composite particles made up of constituents we call 
quarks; the hadrons interact through’ the strong interactions 
which at high energies can lead to very complicated reactions in 
which many hadrons are produced; and the hadrons occur in 
more than 100 different types. (See refs 7, 8 for reviews on 
quarks.) In stark contrast: the leptons are simple, nondivisible 
particles; they do not partake in the strong interactions; even at 
high energies the reactions in which the leptons directly play a 
part only produce a few particles (that is, the lepton vertex in the 
Feynman diagram of the reaction produces only a few particles); 
and as I have already. noted, there are only a few types of leptons. 
Therefore, the leptons, in contrast to the badrons, are truly 
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elementary particles; and in studying the leptons we are studying 
directly the simplest forms of matter which we have yet dis- 
covered. The quarks may also be truly elementary particles; 
however, we do not know if they can be isolated in a free state; 
and at present, we can only study them very indirectly. Until the 
discovery of the r one might have thought that the simplicity and 
truly elementary nature of the leptons were connected with their 
small mass. The e, the u and their neutrinos have less mass than 
the lightest hadron—the r° with a mass of 135 MeV/c’. (The 
name lepton means ‘light one’ in Greek.) However, the r is 
heavier than many hadrons and its existence once and for all 
separates the concept of a particle’s elementarity from the size of 
a particle’s mass. Indeed, we emphasise this by referring to the r 
by the oxymoron ‘heavy lepton’. 


Lepton conservation and the sequential 
heavy lepton model 


Our search for heavy leptons which led to the discovery of the r 
was based on the sequential heavy lepton model’. We could 
have used other models’*" in our search; however, the ele- 
gance, symmetry and simplicity of the sequential model 
appealed to us. To our surprise, the properties of the r are 
consistent with its being a sequential heavy lepton. The sequen- 
tial model is based on extending the concept of lepton conser- 
vation to heavy leptons. Lepton conservation is the explanation 
of why reactions such as 


uw pe ty (2) 
ÒT e+e + pte (3) 


do not occur. Taking reaction (2) as the simplest example; lepton 
conservation asserts: (1) that the e and the u each possess a 


unique property not possessed by the other particle, (2) that 
those properties cannot be destroyed in a reaction, and hence (3) 
that a œ cannot change into an e. This concept is codified in a 


Table 1 The lepton particle family 


Name Electron Muon Tau 
Charged lepton e* po 
+2 
Charged aie mass 0.51 105.7 1,782 
(MeV/c re 
Charged lepton Stable 220x10% <3.5x107%? 
lifetime (8) 
Associated neutrino Per Ve Vus Vy Wey Py 
Associated neutrino =<60¢V/c? <0.57 MeV/c? <250 MeV/c? 
mass i (may be 0) (may be 0) (may be 0) 
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Table 2 Comparison of leptons and hadrons 


Family Lepton Hadron 
Structure Simple particle, Composite particle 
no structure or constituents are 
constituents found quarks 
by experiments 
Interacts through No Yes 


strong interactions 

Interacts through 
electromagnetic 
interaction 

Interacts through Yes Yes 
weak interactions 

Interacts through Yes Yes 
gravitational 
interaction 

No. of types found 
so far 


Only if charged Yes, in all cases 


6 if v, is unique > 100 





more mathematical form in Table 3 where the e` and its 
associated neutrino v, are assigned the ‘electron lepton’number’ 
Ne = +1, and so on. Lepton conservation then states that in any 
reaction the separate sums of ne and n, on one side of a reaction 
must equal their respective sums on the other side. For example: 
reaction (2) does not occur because on the left side 7, = 0 and 
na = O while on the right side ne = +1 and n, = ~1. In contrast to 
reaction (3), the reaction 


e+e =p +u (4) 


can occur because ne and 7, are zero on both sides. Indeed, 
reaction (4) is a well known and well studied reaction. 

An important consequence of lepton conservation is that 
decay of the p to an e occurs not through the simple reaction in 
equation (1) but through the complicated reactions 

u > pte +P, (Sa) 
u’ > Bete +H, (5b) 


It is important to note that the decays in equation (5) take place 
through the weak interactions. The u cannot decay through the 
strong interactions because it is not affected by the strong 


. oe , 





mn 

eae = 

ad are 

= 

a, 

107 Pe 
107 t 
108 


ge og ee se 
Heavy lepton mass (GeV /c*) 
Fig. 1 Theoretical prediction for the lifetime of a sequential 


heavy lepton with V~A coupling and conventional weak inter- 
actions. 
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interactions; and the uw cannot decay through the electromag- 
netic interaction because the electromagnetic decay channel, 
reaction (2), violates lepton conservation. Lepton conservation 
also dictates how hadrons can decay to leptons. For example, the 
decays 


wT > p +h, (6a) 
wT > e +P, (6b) 


can and do occur. 

Before returning to the sequential heavy lepton model, I 
should remark that we have no deep understanding of lepton 
conservation; that is, we do not know how or in what way a u 
differs from an e. As an experimenter, I regard lepton conser- 
vation simply as an empirical rule whose underlying significance 
we may one day understand through further experimentation 
with leptons. 

The sequential heavy lepton model’ simply assumes that there 
is a mass sequence of charged leptons and associated neutrinos: 


Charged lepton Associated neutrino 
e* Ve, Ve 
+ l = 
y Pas Vy 
Ed 


T Vey D, 


It further assumes that each type of lepton has a unique lepton 
number which is separately conserved in every reaction. Using 
this idea and assuming that the mass of the 7 (m, ) is sufficiently 
large, the 7 should decay through the reactions 


rT > pte +37, (7a) 


tT > vt +B, (7b) 





Table 3 Values of lepton numbers for various particles 


Electron lepton Muon lepton Tau lepton 

Particle number, 7, number, 7, number, 7, 
È, Ve +1 0 0 
e", Da -1 0 0 
H, My 0 +i 0 
u`, Pa ~] 0 
T iby 9 0 +i 
T“, D 0 0 ~] 
All hadrons 0 0 0 





This table assumes the 7 is a sequential heavy lepton with its own 
lepton number 7,. 


These decay channels are analogous to the u decay channel in 
reaction (Sa): they take place through the weak interactions and 
they obey lepton conservation. (In the remainder of this article, I 
shall only write decay reactions for the 7”, as the r* decay can 
simply be obtained by reversing the signs of all the charged 
particles and interchanging neutrinos and antineutrinos.) An 
exciting consequence of this model is that a sufficiently massive 
heavy lepton ought to decay to hadrons—just the reverse of 
reaction (6) in which a hadron decays to leptons. For example, 
decays such as 


T > ntr 
T > ntr tr’ (8) 


and rT > ntr trite 


should occur. These decays would occur through the weak 
interactions. 

The lifetime of a sequential heavy lepton decreases as its mass 
increases because as the mass of a particle increases it becomes 
more unstable, and because more decay channels, such as those 
in equation (8), are available. If one assumes that the sequential 
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Fig.2 A cross-sectional view of the SLAC-LBL magnetic detec- 
tor. Thee and e* beams move along an axis (perpendicular to the 
paper) inside the beam pipe. The concrete absorber was an addi- 
tion to the detector used to detect u-hadron events from r decays. 


heavy lepton has the same type and strength of weak inter- 
actions as the u and e, then its lifetime can be calculated’*” 
(Fig. 1). When we began our search, we already knew that there 
were no sequential heavy leptons with masses less than 
1,000 MeV /c°. This lower limit had been set by experiments’*** 
carried out at the ADONE electron—positron colliding beams 
facility at Frascati, Italy. Therefore, as shown in Fig. 1, the heavy 
leptons we were seeking would have lifetimes so short that they 
would decay before reaching our detection apparatus; hence 
they would have to be detected through their decay products. 
How this was done is the subject of the next section. 


Evidence for the 7 particle 


eu Events. We used the SLAC-LBL magnetic detector at 
SPEAR for our search (Fig. 2). This detector gathered informa- 
tion on electron—positron annihilation events in which at least 
two charged particles appeared in the apparatus. We knew that 
the vast majority of these events had nothing to do with heavy 
leptons. However, we searched through the events for the events 
in which only two particles were observed: one an electron and 
the other a muon, the two particles having opposite electric 
charge. 

These eu events could come from the reaction and decay 
sequence 


l 


e tE r" -H T” 
4 i (9) 
etti +P, u Hirt ýn 


as neutrinos pass unobserved through the detector (Fig. 3). This 
is a strong signature for heavy lepton production because lepton 
conservation forbids the production of only an e and p in the 
final state; and there are very few reactions in which only an e, 
a u and neutrinos are produced. Furthermore, reaction (9) is 
distinctive because there is on the average a‘large amount of 
energy carried off by the neutrinos and hence unobserved. 

In the winter of 1974-75 we began to find '* eu events when. 
the total energy, Ewan of the e* and e beams at SPEAR was 
above ~4,000 MeV. Because in the reaction e* +e >r*+77 
two r’s must be produced, this meant that the mass of the r had 
to be less than 2,000 MeV/c’. We were also able to place a 
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lower limit of about 1,600 MeV/c? on m, by studying the 
momentum distribution of the ¢ and yu in reaction (9). By the 
summer of 1976, we were able to show f that all the properties 
of the 105 eu events we had by then accumulated were consis- 
tent with these events being from heavy lepton production. 

Figure 4 illustrates one of the consistency tests. The momen- 
tum spectrum of the ¢ or the u produced in reaction (9) through 
the three-body decays of the 7's, reaction (7), is described by the 
solid curve in Fig. 4a. If the r decayed differently, say by a 
two-body decay r>e+v or r>u +v, then the dashed curve 
would result. Figure 45 shows our measurement”’ of thee and u 
spectrum. We could not detect the slow e’s or u’s required for 
the low momentum, ascending part of the solid curve in Fig. 4a; 
however, our measurement was clearly consistent with the high 
momentum part of that curve. And our measurement is clearly 
inconsistent with the two-body decay of the r. A later but more 
complete measurement of the e momentum spectrum from ep 
events is shown in Fig. 4c. This was obtained by Burmeister et 
al.’* using the PLUTO detector at DESY. 

Of course, the existence of a heavy lepton is not demonstrated 
simply by showing that eu events have properties consistent 
with those of a lepton. One must also show that there is no other 
source of the ep events. One alternative source which was often 
suggested was the production and decay of a pair of charmed 
mesons. 


e*+e > D* + D7 
l l (10) 
e* + »,+ hadrons u` +¥, +hadrons 


If the final hadrons were not detected, then reaction (10) might 
resemble reaction (9). My colleague. Gary J. Feldman, was able 
to show’® that the majority of our eu events did not have 
undetected hadrons accompanying them. 

A very clear proof that eu events did have accompanying 
hadrons, detected or not detected, was produced by the group 
using the PLUTO detector. They showed™ that in a data sample 
which contained 23 ex events there were no events of the type 
eu + hadrons. 

There was another important result of demonstrating that eu 
events did not have accompanying hadrons. It showed that the 
reaction 


ete > tr (11) 


and not the reaction 
e*+e7 > 1r°+77+hadrons (12) 


was the source of eu events. We do not expect reaction (12) to 





Fig. 3 A schematic diagram of how eu events are produced The 
T's are produced at point (a) where the e* and e™ beams collide. 
They decay close to point (a) at points (b) and (c) while still inside 
the beam pipe (see Fig 2). Therefore only the decay products reach 
the detector. However, the neutrinos, indicated by dashed lines, 
cannot be observed in the detector, only the e and u are observed. 
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be a source of heavy leptons, and the absence of reaction (12) 
was an additional proof that the 7 was a lepton. 

-Hadron events. If we accepted the ey events as coming from 
the production and decay of a pair of 7 heavy leptons, then the 
sequential heavy lepton model and the mass of the 7 being 
greater than 1,600 MeV/c’ would require the existence of other 
rather strange types of events. Thus the reaction and decay 
sequence 


e*+e > 7° + q 
4 $ (13) 
H` tv, +e, hadron + r, 


should occur, where the r —> hadrons + v, decay is one of the 
types in equation (8). These events are called -hadron events. 
We were particularly interested in the u-one-charged-hadron 
events in which there was just one charged hadron, because such 
events were unlikely to come from other sources such as char- 
med meson production. In 1976 a small sample of u-one- 
charged-hadron events was found at SPEAR by Cavilla-Sforza 
et al.'®. Later in 1976, after having added an improved muon 
detection system to the SLAC-LBL magnetic detector (Fig. 2), 
we were able to report the finding of a large sample of u-one- 
charged-hadron events’’. And physicists using the PLUTO 
detector at DORIS also found”? such events. As with the eu 
events, all the properties of these -hadron events were consis- 
tent with the 7 being a heavy lepton. 


pe ei 
: 


Events 





Momentum of e —— 


Fig.4 a, The solid curve is the theoretical momentum spectrum of 
the e or u coming from the three-body decay r > e(or w)+v+v of 
a moving 7. The dashed line is the theoretical momentum spectrum 
of the e or u from a two-body decay r>e(or w)+v. The 
comparison of the three-body decay curve with the data is made in 
(b) for the SLAC-LBL magnetic detector results (ref. 17) and in (c) 
for the PLUTO detector results (ref. 18). The curves in (6) and (c) 
are corrected for apparatus acceptance and the spread in Eroni 
hence they differ slightly from the curve in (a). In (6) the apparatus 
could not identify e’s or «’s in the low momentum region marked. 
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e-Hadron events. The symmetry of the sequential heavy lepton 
model with respect to 7 decays to u’s and e’s, equation (7), 
requires that e-hadron events as well as «-hadron events exist. 
To find such events it was necessary to have a detector which 
could precisely separate electrons from hadrons. The DASP 
detector” at DORIS was the first e*e” colliding beams detector 
to have that ability. As shown in Fig. 5, this separation is 
obtained by using Cerenkov counters. In 1977 the group using 
DASP was able to find** the e-one-charged-hadron events 
expected from the reaction 


e*+e e> 7 + rT 
4 $ (14) 
ettr tT, hadrons + v, 


and more recently physicists using a very large solid angle 
Cerenkov detector at SPEAR, called DELCO”, have found a 
very large sample of e-one-charged-hadron events. With the 
finding of these events, and the determination that their prop- 
erties were consistent with heavy leptons as their source, the 
discovery stage of the work on the 7 lepton ended. We are now in 
the stage of detailed study of the 7 and measurement of its 
properties. This is the subject of the next section. 


Properties of the + 


Mass of the t. The most recent measurement of the mass of the r 
carried out by the DELCO collaboration’® yields 


+2 
m, = 1,782 


D3 MeV/c? (15) 


This value was obtained by measuring the cross section, Cen, for 
the production of e-one-charged-hadron events as a function of 
the energy Eyota. If the r is a lepton, ea should obey the 
equation 


pa- Putte’ (80-87) on 


=F eh 2 
3 E totai 2 


Here P.n is the probability that a + pair decays to an e-one- 
charged-hadron event; æ is the fine structure constant; and 
B =v/c where v is the velocity of the 7 and c is the velocity of 
light. It is conventional in e*e” annihilation physics to remove 
the Ea term in equation (16a) by defining the ratio 

_ Oech os, [ES En £d) 

Ren mA L Aa Aah US a e a 
Fete sy u” 2 


(16b) 


4ra? 
Fate sutu == 5] 
IE oa 


Here 





(16c) 


is the cross section for reaction (4). In equation (16b) as Erota 
increases, 8 approaches 1 and Ren approaches a constant, 
namely Pen. Figure 6a shows’® Ren. The Esot where Ren begins 
to rise above zero is called the threshold energy, Eynresn, and m, is 
given by Emresn/2. The behaviour of Ren in Fig. 6a and of R,,, in 
Fig. 66 are consistent with equation (16b) and hence consistent 
with the r being a lepton. (Ren = Ceu/Te*e suta Where oe, iS 
the cross section for producing eu events.) An older value of m, 
obtained by the DASP collaboration”* is 


m, = 1,807420 MeV/c’ 


Mass of the v,. The DELCO collaboration?’ gives an upper limit 
of 


m,,<250 MeV/c’ 


with 90% confidence; m,, could be zero. The masses of the e and 
u neutrinos may also be zero (Table 1). . 
Lifetime of the t. The PLUTO collaboration finds 


r lifetime <3.5x 107" s 


with 95% confidence. The theoretical prediction for this lifetime 
is 2.5x107'"s. 
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The coupling of the 7 to the v,. The data favour V—A coupling of 
the r to the v». This, of course, is the coupling predicted by 
conventional weak interaction theory. 
Spin of the T. Measurement of the behaviour of the cross section 
fore*+e>+r*+7° asa function of Ewe strongly favours**”** 
sca Se an are This has been discussed in detail by 
The spins of the e, u and their neutrinos are also 1/2, 
hence the + on the basis ofits spin is a conventional lepton. if we 
can call a heavy lepton conventional. 
Decay modes of the r. Table 4 lists the observed decay modes of 
the r and compares the measured fractional decay rates with the 
theoretical predictions. These predictions are recent cal- 
culations of Tsai” based on conventional weak interaction 
theory and V-A coupling. In all the measured modes the data 
and the theory agree; this is another reason for believing that the 
T is a lepton. 
Lepton type of the r. All measurements on the 7 are ripe 
with its being a sequential heavy lepton with a iat “ope 
separately conserved lepton number. It has been shown 
the r` does not have the lepton number of the u * or uw, nor ee 
it have the lepton number of the e* (ref. 30). However, it is 
possible the +” could have thelepton number of the e —-we have 
not been able to rule out this possibility experimentally. But this 
leads to an ugly theory in which the decay . 


ea Se ay 


which has not been observed, must be prohibited or suppressed 
by means other than lepton conservation. My prejudice is-that 
the sequential heavy lepton model, which has guided us so well, 
will in the end be the correct choice. - 

Future work on the r. Studies of the, properties of the + are 
continuing at SPEAR and DORIS and will also be undertaken 
at the three new, higher energy, electron—positron colliding 
beams facilities. These new facilities are PEP at SLAC and 
PETRA at DESY each with a maximum Emea of about 36 GeV, 
and CESR at Cornell with a maximum Ewa: of about 18 GeV. 
One direction of these new studies will be to learn more about 
the decay mode of +r. For example, do decay modes such as 
T >K ++»; exist at the predicted 1% decay rate? Or does the 
decay mode r >e +e*+e , forbidden by the sequential lepton 
model, but predicted by other models, exist? 

At the higher energy e*e” facilities, we can test in more detail 
our present conclusion that the r is a lepton. We have come to 
this conclusion by using Occam’s razor and asserting that a 
charged particle is either a lepton or a hadron. But suppose the 7 
ig some very strange new kind of particle which is 90% leptonic 
and 10% hadronic in nature. We might expect that the 10% 





Table 4 Comparison of predicted and measured fractional decay rates 
for the r 
Predicted Measured 
fractional fractional Groupe making 
Decay mode decay rates decay rates measurements 
r >prte +», 16% 16 to 19% DASP 
or m DELCO 
T >ritp +F SLAC-LBL 
T >r, +T . 10% - 6to 11% DELCO 
SLAC-LBL 
PLUTO 
T >y,+p 23% 2449% DASP 
T >r, +>3 28% .-16t032% DELCO 
charged hadrons MPP 
PLUTO 
SLAC-LBL 


Whero several measurements have been made, the range of values ìs 
given. Numbers are rounded off to the nearest per cent. See refs 3, Stnd 
25 for details and references. 
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Cerankov Counter 





Lassu Scintillator 
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Fig. 5 A section of the DASP detector showing the Cerenkov 
counter. Redrawn from ref 23. 


hadronic component would show itself at very high energies 
through the reaction 


et+e7 > r*+77-+hadrons 
If, however, the reaction 
ette ttre 


continues to behave at very high energies as it does at the 
energies now available, then we shal! have additional proof that 
the r is-a pure lepton. 


Leptons and quarks 


I conclude this article with two remarks on the possible impact of 
the discovery of the r on elementary particle physics. First, we 
have never understood how to calculate the masses of elemen- 
tary particles. For example, we do not have the least idea why 
the mass of the electrons is 0.51 MeV/c’. Perhaps the discovery 
of the r will provide a clue as to how to calculate masses because 
now for the first time we know the masses of three truly 
elementary particles: the e, u and r. (The neutrinos seem to have 
zero mass which is not much of a help to calculations.) 

Second, as noted above, it has become customary to regard 
the hadrons as composite particles made up of more elementary 
particles—the quarks. One then regards the quarks and leptons 
as two different but similar families of truly elementary particles. 
Furthermore, in some theories the numbers of leptons are equal 
to the numbers of quarks. For example, before the discovery of 
the + there seemed to be four leptons and four quarks: 


Leptons: ¢, wu, Ve Vu; Quarks: u, d, £, c 


The discovery of the r upset this equality. However, it may be 
restored as follows. If the r is a sequential heavy lepton, its 
neutrino, »,, is unique and constitutes a sixth lepton. The 
discovery of the upsilon particle indicates the existence of a fifth 
quark called b. If we are then willing to believe that a sixth 
quark, usually called t, also exists, there is again lepton—quark 
numerical equality: 


Leptons: e, ph, 7, Ves Va Vr; Quarks: u,d,s,c,b,t (17) 


Many elementary particle physicists would like to see this closed 
system of twelve elemen particles, with the addition of the 
intermediate bosons W”, Z’, constitute the fundamental nature 
of matter. (I am simplifying here. Most theories also require 
other particles, such as the gluons, which are supposed to carry 
the forces between the quarks.) After all, such closed systems of 
elementary constituents have played crucial parts in physics up 
to now. We explain the long series of atoms as being made of 
different combinations of electrons around a nucleus; and we 
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Rey observed (* 10°) 





Eom (Gev) 


Fe. 6 EEEE T ee eee from DELCO**; 
and of (b) Rey ™ Oep/O ete +p tn ae ae aia ane al 
detector collaboration** 


explain the hundreds of: different kinds of nuclei by different 
combinations of neutrons and protons. If the system of truly 
elementary particles is closed as in equation (17), then we will 
also be able to explain the hundred or more kinds of hadrons as 
various combinations of quarks. And the lepton will remain a 
relatively simple and sparse family with the 7 being the only 
heavy lepton. 

There is an alternative possibility which intrigues me. Perhaps 
the + is the beginning of a long, or even infinite, series of heavy 


leptons; and perhaps these leptons are truly elementary, as thee, ~ 


u and + seem to be. Then the elementary particle physicist will 


articles. 
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face a situation unique in physics: a large number of related 
entities whose properties cannot be explained in terms of a much 
smaller number of more fundamental entities. Then our present 
ways of theorising about elementary particles will not work and 
we will need some radically new ideas. Of course, this is specu- 
lation; and for experimenters, there is an obvious task which 
precedes this speculation. We must find out whether the r is the 
first and last of the heavy Jeptons, or whether it is only the 
beginning of a sequence of heavy leptons. 
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Recurrent activity in galactic nuclei 
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Arguments are presented to support the hypothesis that 
massive galaxies periodically undergo phases of nuclear 
activity during their evolution at intervals 10°-10° yr. The 
importance of recurrence to theories of active nuclei is 
emphasised. In particular, the evidence does not favour the 
production of massive black holes in galactic nuclei. 





THEORETICAL investigations into the problems raised by 
activity in galactic nuclei have, until recently, concentrated 
almost exclusively on the hypothesis that nuclear activity (as 
evidenced by the quasar, Seyfert or radio-galaxy phenomena) is 
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an essentially, singular occurrence in the lifetime of a massive 
galaxy. The possibility that nuclear activity might be a recurrent 
phenomenon has been considered, but:as yet no compelling 
reasons for preferring one or other hypothesis have been 
presented. In this article we assess the observational evidence 
bearing on this question and outliné a theory to account for 
recurrence. Implications of the establishment of recurrence as a 
fundamental phenomenon affecting the evolution of galaxies are 
discussed. ` 


Observational evidence for recurrent activity 
As there is no:general agreement as to either the nature or the 


_ evolution of a galactic nucleus, it is still not possible to determine 
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unambiguously how any one property of a galaxy relates to 
nuclear activity, recurrent or otherwise. Nevertheless, a past 
period of activity might be considered to manifest itself in at 
least one or more of the following ways in normal galaxies: (1) by 
the existence of a massive nonstellar remnant’; (2) by a burst of 
star formation ın the nuclear region’; (3) by noncircular motions 
in the nuclear region*; (4) b y characteristic radio spectra and 
structures™®; and (5) by jets’ or unusual arms emerging from 
nuclei®*. In some instances, the evidence can testify only to at 
least one period of activity (for example, (1)), or to recent 
activity (for example, (5)); but in other cases it is possible in 
principle to compare the observable timescale of a given signa- 
ture (To) with the cumulative duration (r) of the phenomenon 
inferred from its frequency amongst particular galaxy types. The 
ratio R = 7/7 is then a measure of the number of events during a 
galactic lifetime. 

If a burst of massive star formation is triggered by a period of 
nuclear activity—for example, either by immediate conden- 
sation of expelled gas or by passage of shocks—the timescale ro 
may be estimated from the expected lifetimes of a nuclear H 0 
region or the time required for an initial burst to affect the whole 
nuclear region, to be $5 X 10’ yr. The central régions of ~10% 
of spirals show narrow nuclear emission lines associated with a 
recent burst of star formation’®"?, so in this case +~ 10° yr, 
giving R = 20. 

Noncircular motions might in principle have a number of 
separate causes (such as tidal interaction, or action of a bar), but 
if it 1s assumed that those observed are due either directly or 
indirectly to ejected nuclear material*, then observable 
consequences might survive for =10° yr (ref. 13). The exact 
timescale must ultimately depend on the nature and viscosity of 
the interstellar medium, and for the purpose of the present 
estimate it will be assumed that 793510" yr represents a 
reasonable upper limit. If the sample of galaxies discussed by 
Burbidge” is indeed unbiased (that is, not selected with nuclear 
activity specifically in mind), then since about half (excluding 
Seyferts and barred spirals) display noncircular motions T~ 
5x 10° yr, and R210. According to the theory discussed by 
Clube‘? the very presence of spiral arms is an indicator of 
recently finished nuclear activity, and if this is accepted then the 
implied value of R is R > 50. 

The radio luminosities of Seyferts, -although not usually 
comparable with those of powerful radio galaxies, are larger 
than those of normal spirals by factors of 10-10° (refs 16-18). It 
is natural to assume that this difference is a consequence of the 
nuclear activity, and because relativistic electrons radiating at 
radio wavelengths have synchrotron half-lives of $10* yr it 
might be expected that the effects of their decay could be used as 
a means of distinguishing single from recurrent activity*’’. 
However, it is difficult to precisely predict the radio evolution of 
a post-active galaxy, because the result is sensitive to questions 
such as the time~dependence of the injection spectrum, diffusion 
losses, and the magnetic field. It is therefore only possible to 
conclude firmly that the observations are consistent with the 
hypothesis of recurrence. For radio sources associated with 
elliptical galaxies, the structural and spectral evidence favours 
recurrence more directly, with intervals of <10" yr (ref. 19) and 
independent evidence relating to star formation in these galaxies 
can also be interpreted as evidence for recurrence’. 

Our discussion has been confined to apparently normal post- 
active galaxies. Another estimate of R may be obtained by 
considering the Seyfert phenomenon itself. This occurs in ~1% 
of spirals, giving r ~~ 10* yr, while the characteristic timescale 
associated with the velocities (~10° kms *) and sizes (~1 kpc) 
of the disturbed central regions of Seyfert galaxies indicate 
To~ 10° yr. Thus R ~ 100. 

We conclude that the available data are not at variance with 
recurrent nuclear activity, and estimate a mean interval between 
active periods ~10°~10” yr. The analysis below applies partic- 
ularly to Seyfert activity, the kind most likely to be associated 
with our own Galaxy. The known properties of our Galaxy can 
thus serve as a comparatively secure basis for calculation. 
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The physical basis for recurrence: 
disk formation 


Several authors’? have suggested that material lost from stars 
undergoing normal stellar evolution represents an inevitable 
supply of gas from which to fuel nuclear activity. If the stars in 
the galaxy have any residual angular momentum, the gas will in 
the first instance flow inwards to form a dense gaseous disk, and 
the idea that formation of a disk is a necessary step in the 
creation of an active nucleus has frequently been advanced ™, 
If this material ıs ultimately to collapse into the nucleus it is 
necessary that it lose both energy and angular momentum; and 
the long timescales associated with angular momentum trans- 
port in astronomical systems”’ suggest that any theory capable 
of explaining recurrent nuclear activity must use only stellar 
mass loss from those relatively low angular momentum stars 
comprising the bulge components of galaxies. 

We first show that this source of gas is sufficient to fuel the 
Seyfert phenomenon. The stellar mass loss rate from a nuclear 
star cluster of mass M, and age t may be shown**** to be 


a,M,~1077?M, 97? (1) 


and adopting t~ 10°° yr and M, ~ 10'°Mo (values appropriate 
for our own Galaxy”), this becomes aMa~ 10° Meoyr `. At 
early epochs (fs 10° yr, say) the mass loss rate is slightly higher 
than that given by (1), and a more detailed calculation” shows 
that the total fractional mass loss during 10°° yr is of the order of 
10%. The cumulative stellar mass loss in ~10°° yr in the nuclear 
region of our Galaxy (r $ 1 kpc) is therefore ~10°M e. The total 
mass—energy required by the Seyfert phenomenon in this time 
may be estimated to be Ey,~210°M ac? (assuming a typical 
luminosity L ~ 10™* W and a cumulative duration for the Seyfert 
phenomenon of the order of 10° yr), so even if energy is released 
at only ‘nuclear’ efficiencies (~0.7%) the postulated source of 
gas is still sufficient to fuel Seyfert activity. 

An important objection to a model in which nuclear activity is 
fuelled by stellar mass loss is that supernovae in the nuclear star 
cluster might heat the gas up to such high temperatures that a 
steady outflowing galactic wind would occur’. It should be 
emphasised that this conclusion is only valid provided that 
heating dominates cooling, and that the system | contains no 
sink?’. In the present problem it has been shown” that steady 
winds are only favoured ın elliptical galaxies at epochs t= 10° yr, 
with the flow at earlier times being thermally unsteady and 
directed inwards. The question as to what sort of flow is even- 
tually achieved depends crucially on what happens at time 
t~10° yr, since then (when a steady wind first becomes 
favoured) the flow will initially be inwards. If the disk formed by 
inflowing gas at early epochs is sufficiently massive and dense it 
will be able to absorb even hot inflowing gas without heating up, 
and the appropriate solution to the galactic wind equations will 
then be one including the presence of a massive disk-like sink. 
Even if supernovae heat the stellar mass loss with high efficiency 
the flow can continue inwards, and provided that the sink is 
strong enough we conclude that outflowing galactic winds do not 
remove material from the central regions of galaxies. 


Physical state, structure and 
evolution of the disk 


To account for the observed nuclear activity it is necessary first 
that the disk survives as a sink, even when (possibly) hot material 
is falling on to it; and second that the disk evolves in such a way 
as to store gas for long periods until a sufficient mass has 
accumulated that a period of nuclear activity might be produced. 
To verify that these conditions can indeed be met for a very 
simple model (more detailed arguments are given elsewhere”), 
it is assumed that the disk has a surface density 
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where M, and Rg are the disk mass and radius respectively. It 
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may be shown that this density distribution would arise in a 
model in which the disk is formed out of stellar mass loss from a 
star cluster with density defined (compare ref. 26) by 


M, 1 


4nR, r? (3) 


P(r) = 


and in which it is assumed that the net rotational velocity of the 
stars at equatorial radius w is given by V oœl(@)= constant. A 
model with the same star density but uniform rotation would 
give a somewhat more centrally condensed disk, but the essen- 
tials of the argument do not depend on this detail. 

If the r.m.s. gas velocity in the disk is V,, it may be shown?!” 
that the disk width H(w), defined as 


H(@)= o(@)/p(a, 0) 
is given by 
Vow | 
H(@)= iy? (4) 


where ¢ is a numerical factor which, for disks that are gravita- 
tionally stable, is of order unity, and Vo is the (constant) circular 
velocity in the model: Vo = (GM,/R,)'’”. The mid-plane parti- 
cle density is therefore 
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where the mean particle mass has been taken to be my~ 
1.7x10°*’ kg and the values M,~10'°M., Ra~1 kpc and 
Ra~ 500 pe have been assumed. The disk is thus very dense, 
even if V, should be several tens of kms ', and it may be 
expected that cooling, proportional to n°, will be efficient. In 
order to estimate the equilibrium temperature of the disk we 
consider the balance between heating and cooling processes, as 
represented by the equation 


=n A(T) 


where A is the usual cooling function and F is the power input 
per unit volume from various sources. 

Four sources of heating have been considered as of possible 
importance for the energetics of the disk: (1) heating due to 
possibly hot infalling material, (2) heating by stars located within 
the disk, (3) heating by supernovae within the disk, and (4) 
heating by the effect of stars passing through the disk. On the 
assumption that stellar mass loss does not lead to further star 
formation until the disk becomes gravitationally unstable (so 
that until the point is reached the system contains no massive 
O-B stars), it may be shown that heating is dominated by hot 
infalling material. This heat source may be written in the form 


Fi ~el) 
1E w) 
where e is the excess energy deposited by unit mass entering the 
disk and dp/dt is given approximately by 1/H do/at. The energy 
carried by unit mass entering the disk consists of a thermal part 
Em ~ 3kKT/ my, and a gravitational part € oa) ~ V3; so F, is given 
approximately by 
3kKT \ E g , 
ee 6) 
- My H (w) ðt 
By substituting for H and do/ét (making use of (dM,/dt) = 
«,M,), and assuming that the infalling material has an initial 
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temperature 7 ~ 2x10’ K corresponding to that of a steady 
supernova-heated flow’, this reduces to 


M, _\/500pe 
Pr, ~7.5x 1077 (—_S (2e 


10> Mo yr Ra 
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(£3) 
Since [ ~Ty, combining (7) with n ~ n(w, 0) gives the value of 
the cooling function required to just keep the disk at tempera- 
ture T. That is, 
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where as before it has been assumed that M,~ 10'°Mo, Ra~ 
I kpc and Ra~ 500 pc, and factors of order unity have been 
dropped. Comparing this with the cooling function appropriate 
for a lightly ionised atomic disk” and assuming that V, ~ V ound 
(since strongly supersonic motions are quickly damped), implies 
the disk will cool—especially in its central regions—to a 
temperature <50 K. It is thus concluded that a representative 
disk of mass Ma ~ 10’M o will be cold, and in its central regions 
will consist of gas mainly in molecular form. The disk therefore 
does act as a sink, and is able to absorb all the infalling gas due to 
stellar mass loss without heating up. 

If viscous evolution may be neglected during this phase of the 
disk’s evolution (this is verified below), the disk will slowly grow 
in mass until the onset of gravitational instability. The critical 
surface density may be shown’! to be given approximately by 


Fori “OOI (9) 
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where x is the epicyclic frequency, given by V2 V,/w) in the 
present model. Substituting ø (æ ) into (9) gives the critical mass 
at which instability first occurs at radius œ: 
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Use of the previously adopted values of Ma, R, and Ra thus 
shows that the disk will first fragment close to the origin when its 
mass reaches 


7 V, 
Mauma x10 (=) Mes (11) 


The onset of gravitational instability in the disk is expected to 
lead to a burst of star formation, and if some of the newly- 
formed stars are sufficiently massive to drive strong turbulence 
in the disk, the associated viscosity will lead to large central flows 
of matter. The inwards flux of matter across radius @ may be 
shown’! to be given approximately by 


F~2rve (12) 


where v is the kinematic viscosity. This is given roughly by 
v ~4él where č is the mean velocity of a turbulent element and / 
its mean free path’’. If / is taken to equal the mean epicyclic 
amplitude of cloud motions, /~¢/x, the kinematic viscosity 
becomes 
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The expected central flux of matter just after the onset of 
gravitational instability is thus 





| ee 2 EN. 
| čo \z V, i 
> Faa 0.06( zi) o) Mo yr (14) 


where č ~20kms™ has been assumed representative of the 
mean turbulent velocity in a newly-formed H H region. The flux 
just before gravitational instability may be estimated from this 
formula by setting č ~ V,~1kms`, thereby verifying that 
viscous flows during the quiescent phase of the disk’s evolution 
are indeed small. 

If nuclear activity is produced by a period of rapid accretion 
on to a massive black hole*”>™ energy may be produced with an 
efficiency, 7, approaching 30% (ref. 35).. The luminosity 
generated by such a process is given by 


L~ Fant” 


1-0 col Ga) © a9 


which is very close to the observed luminosities of typical Seyfert 
galaxies”. From this result we conclude that although other 
theories of the nature of nuclear activity might be more appro- 
priate (see the discussion), the theory described here is not 
inconsistent with accretion on to a black hole. Observations of 
Seyfert galaxies indicate the se of substantial masses of 
gas in the nuclear regions’, so it is unlikely that normal 
nuclear activity is able to totally destroy the disk and remove all 
the gas from the central region. The disk (or parts of it) therefore 
survives a period of Seyfert activity and the processes described 
above can be expected to recur, thereby producing a mechanism 
by which recurrent nuclear activity might be understood. 

We note in passing that although conceivable, steady evolu- 
tion of the disk does not seem likely. For example, it is possible 
to envisage a steady state in which infall is just balanced by a 
slow rate of star formation. However, such a situation could only 
be truly steady if the disk always formed low-mass stars, a 
possibility that we regard unlikely. The occurrence of even a few 
massive stars would lead to more”, and eventually turbulent 
velocities large enough to cause inward fluxes much greater than 
the infall rate (and sufficient to lead to a period of nuclear 
activity) would be generated. Massive star formation leads to 
non-steady evolution. In a different kind of steady state it might 
be argued (compare ref. 22) that once gravitational instability” 
has occurred, the heat generated by cloud—cloud collisions and 
viscous friction could be large enough to maintain a relatively 
large velocity dispersion in the disk. A steady inward transport 
at a rate equal to the stellar mass loss rate might then occur, and 
recurrence (at least on the black hole model) would not neces- 
sarily follow. In the present analysis the inward flux immediately 
after gravitational pened 18 ti implying the viscous heating 
rate per unit area is given 
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Dividing this by the disk width (equation (4)) for a disk with 
velocity dispersion characterised by turbulent velocities ¢ > V, 
(where V, is the velocity dispersion just before gravitational 
instability) gives the volumetric heating rate due to viscous 
processes, l,a: , & 
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where the usual values of M, and R, have been assumed. 
Comparing this expression with (7) shows that viscous heating is 
unimportant to the energy balance of the disk at © = 10 pc, and 
even at œ~ 1 pc is only about five times larger than I’, (for 
V,=1kms™ and Z= 10 km s`’). The conclusion that the disk 
will be very cold therefore remains valid, and unless some other 
energy source intervenes (such as massive star formation) 
turbulent velocities large enough to drive inward flows of order 
a,M,~10°*Mo yr“ will not be produced. If stars are formed 
this case reduces to the one above, and steady evolution can only 
occur if no massive stars form. 


Discussion 


In the previous sections it has been shown that not only do 
observations strongly support the idea that nuclear activity in 
massive galaxies (such as our own) is a recurrent phenomenon, 
but also this-might be rather simply understood by a model in 
which stellar mass loss leads penodically to nuclear activity via 
the intermediary of a dense cold (probably molecular) gaseous 
disk. Arguments based on the rate of viscous transport in the 
central regions of the disk and the expected evolutionary time- 
scale-of any massive object likely to be formed (tai ~ 10° yr, 
say) lead to the conclusion that in the first instance a body with 
mass in the approximate range 10*~10°Mo will be formed (for 
example, equation (14)). Depending on the detailed evolution of 
a body of this size, three possibilities may be distinguished. 

In the first, it is assumed? that any body much more massive 
than an ordinary star will end its evolution by a penod of 
relativistic collapse, ulamately forming a massive black hole. 
However, the present theory (based on parameters thought to 
be typical of our own Galaxy) combined with the observations 
that the galactic centre does contain large amounts of gas, 
implies that our Galaxy has undergone recurrent periods of 
nuclear activity; this is also consistent with the conclusion 
reached by Lynden-Bell’, that the observed numbers of quasars 
makes it difficult to argue that our Galaxy has never been active 
If our Galaxy was active in the distant past, the expected size of 
the black hole now in its nucleus may be estimated in several 
ways, First by comparing typical Seyfert or quasar powers with 
the Eddington limit of a mass M,; for Le ~ 10°* W this gives 
M,,2.5 x 10°Mo, with much larger masses being indicated if our 
Galaxy has ever been as luminous as a‘quasar*’. Second, by 
dividing Es, by nc’, where n may be estimated”* to be 50.3; this 
again gives M,25*10°Mo. Third, by assuming growth at an 
average rate limited by the stellar mass loss rate. With a „Ma~ 
10°*Mo yr’ this gives Ma ~f x 10°Mo, where f is the unknown 
fraction of the mass lost by stars actually transported into the 
origin; and lastly by assuming growth at a rate limited by the 
stellar tidal disruption ratet, giving Mi, ~10*Mo provided 
that the initial hole mass exceeded ~10°Mo. (Lower mass holes 
do not grow rapidly in normal galactic nuclei by this process, and 
the estimate is particularly uncertain as it is possible that the net 
accretion rate may be much smaller than the tidal disruption 
rate****.) Observationally, current data can be understood 
without appeal to exotic objects such as black holes’, and 
estimates of the mass within a radius of ~1 pe (> ~4x10°Mo) are 
consistent with it being mostly in stellar form*’”*. Since obser- 
vational upper limits to the black hole mass are less (albeit close 
to) than the theoretical lower limits, we tentatively conclude that 
black holes are not.usually formed in galactic nuclei. 

This leaves one of two possibilities. Either the body formed at 
the centre of the disk explodes disruptively when nuclear burn- 
ing is initiated***', or the body does enter a period of relativistic 
collapse, but does not form a massive black hole. General 
relativity has yet to be tested experimentally in the relativistic 
regime, so this possibility should perhaps not be too lightly 
dismissed on the ground that it invokes ‘new physics’. A detailed 
discussion of this case is given by Clube’*, who argues that a wide 
range of independent observations of our Galaxy can be under- 
stood most simply on a model in which the Galaxy periodically 
grows a nucleus whose late evolution does require new physics 
for its explanation. Here we consider the more conventional 
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possibility, and note that although the evolution of low-mass 
supermassive stars as described by Fricke and others does not 
seem capable of explaining the high luminosities of Seyferts and 
quasars (approaching in some cases up to ~10*' W), the 
nonthermal radiation of a spinar can in some circumstances far 
exceed the thermal (Eddington-limited) component’’. It seems 
likely therefore that the disk will in the first instance form a 
rapidly rotating disk-like configuration at its centre-—-resem- 
bling a fattened spinar—and although spinar masses are usually 
assumed to be =10°M. (to explain the large energies required 
by active nuclei for single events), adopting recurrence would 
lower this requirement considerably. The repeated formation 
and evolution of low-mass spinars (M s 10f°Mo) might well 
explain most nuclear activity, although until the effect on the 
object of nuclear burning is better understood (that is, whether 
or not leading to a disruptive nuclear explosion) it is not possible 
to say with certainty whether ‘new physics’ is required by the 
data. It should be noted that stellar mass loss can explain Seyfert 
energetics even if energy is produced only at nuclear efficiencies. 

Thus we have shown here that a wide variety of observational 
evidence indicates that nuclear activity is a recurrent 
phenomenon, and that this might be understood on a theory in 
which activity is caused by gas lost from stars evolving to form an 
active nucleus via the intermediary of a dense gaseous disk. 
Following Ozernov and Usov** we conclude that recurrent 
nuclear activity is best understood by a spinar model, although 
the present theory indicates that in the first instance only 
low-mass objects (M = 10°M.) are likely to be formed. Cal- 
culation of the late evolution of such a mass depends critically on 
the effects of the onset of nuclear burning, and our current 
understanding of this problem does not allow the possibility of 
gravitational collapse to be distinguished theoretically from that 
of a disruptive nuclear explosion. From the observational view- 
point the formation of massive compact relativistic objects 
seems extremely probable°’, with one of their most important 
characteristics being the ejection of both matter and energy™. 

The hypothesis of recurrence places severe constraints on 
theories of the origin of nuclear activity. In particular, the 
apparent lack of a supermassive black hole in our galactic centre 
argues against the black hole theory, although it should be 
emphasised that this conclusion does not affect the discussion in 
the main part of the paper. Because of its potential to dis- 
criminate between theories of nuclear activity, further work 
aimed at distinguishing recurrence from single activity should be 
given high priority. 
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Re-appraisal of lithostratigraphy of 


Sterkfontein hominid site 


T. C. Partridge 


5 Inverness Road, Westdene 2092, South Africa 


A new lithostratigraphic classification is proposed for the 
Sterkfontein hominid site. The Sterkfontein Formation ts 
defined in terms of constituent members and beds. The new 
terminology is correlated with that used previously and, 
where possible, hominid finds are linked to the newly 
defined lithostratigraphic units. 





THE stratigraphy of the rich site at Sterkfontein, where 
Australopithecus africanus was discovered in 1936, has been 
investigated several times. Between 1938 and 1952 several 
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broad descriptive classifications of the deposits were pro- 
posed'~. The first detailed stratigraphic and sedimentological 
analysis appeared in 1958 (ref. 5); this supplemented by a 
further generic re-appraisal of portions of the succession’, has 
provided the standard lithostratigraphic subdivision of the 
deposit until recently. A subsequent geomorphological study of 
the Sterkfontein cave system’ included some deposits. A re- 
appraisal of the lithostratigraphy of the hominid deposit is 
necessary because earlier stratigraphic studies did not examine 
its full vertical extent; the application of contemporary sedi- 
mentological measures and stratigraphic classification pro- 
cedures also seems desirable. In this article I call the hominid- 
bearing deposit the Sterkfontein Formation. 
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Location and origin 


The Sterkfontein Formation is the largest continuous cave filling 
at the site (26° 01'S, 27° 44’ E), and is vertically and laterally 
continuous through both the Type and Extension sites. It has 
been exposed both at surface and in the underlying cave system 
by excavations at elevations of 1,460-1,480 m. At surface the 
deposit measures approximately 75 x 15 m. It is exposed on the 
southern flank of the Sterkfontein hill, the top of which is about 
2m above the highest exposure. 

The formation occurs in disconformable juxtaposition with 
the Malmani Dolomite® of the Transvaal Supergroup, having 
accumulated within a karst cavity. The sedimentary sequence 
has been modified periodically by subsidence into underlying 
cavities formed or enlarged after accumulation of the deposits, 
by collapse of the cavern walls and roof, by the introduction and 
dissolution of calcium carbonate cement, and by bevelling of the 
succession by erosion of the valley flanks of the Bloubank river 
(formerly Blaaubank). The Malmani Dolomite here consists of 
an interbedded succession of dolomite and chert horizons. 

The formation of the original solutional receptacle and its 
subsequent morphological development conform closely with 
the model of karst development under a spasmodically falling 
water table proposed for the Transvaal’. This initial cavern 
owed its form to phreatic solution, but was modified by enlar- 
gement and collapse in the vadose zone; these modifications 
were often contemporaneous with the accumulation of the cave 
filling. The form of the receptacle was controlled by preferential 
solution along joints and small faults and within locally more 
soluble horizons in the dolomite, which here dips at approxi- 
mately 30° NNW. The water table occurs in the underground 
cave system below the base of the Sterkfontein Formation at an 
elevation of approximately 1,440 m. Deposits postdating the 
Sterkfontein Formation are discontinuously present from sur- 
face down to this level, and, in places, display complex discon- 
formable relationships with certain of its members. 

Although relatively extensive areas of dolomite roof are 
preserved over parts of the deposit, much of its surface has been 
bevelled by erosion of the hillside. The inclinations of the lower 
surfaces of roof segments conform with the local dip of the 
dolomite bedding planes; a projection of these remnants gives 
an indication of the maximum elevation of the original roof, 
which was probably situated some 10 m above the southern part 
of the deposit. Hence the absolute thickness of the deposit may 
have exceeded 30 m, less than 70% of which is still preserved. 

The original floor of the receptacle varied considerably in 
elevation; the thickness of the various sedimentary members is 
very variable and the irregular shape of the depository | and 
obstructing roof pendants produced local variations in the 
direction of sediment transport. Stratigraphic relationships are 
consequently complex, and the schematic column in Fig. 1 
merely reflects the relative average thicknesses of the various 
units in accessible areas of the deposit. 


Lithostratigraphy 

Laboratory analyses were made of large Ee (>5 kg) 
from average vertical separations of <2 m, recovered, as far as 
possible, from three sampling areas. The procedure involved 
colour identification using Munsell soil colour charts, removal of 
CaCO; in 10% cold dilute HCl, wet sieving and hydrometer 
analysis of the residue between 1 and 2,000 um at average mesh 


size intervals of 0.5 @ (using sodium hexamataphosphate asa . 


peptising agent), plotting of cumulative textural curves, cal- 
culation of Trask indices and statistical parameters using the 
formulae of Folk and Ward’®, examination of the medium sand 
residue under a X40 binocular microscope, and X-ray 
diffraction analysis of the —75-um particle size fraction from 
selected samples. 

The very coarse (> 2 mm) fraction of all units was examined 
visually, and consists chiefly of subangular fragments ranging 
from pebble to boulder size. The smaller (pebble to cobble) 
fraction predominates in Members 2 and 6, while large cobbles 
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Fig. 1 Stratigraphic column of the Sterkfontein Formation (see 
text for details) 
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and boulders are characteristic of bed C of Member 4. In the 
case of Members 2 and 6 these coarse elements consist almost 
exclusively of chert, which has sometimes suffered extensive 
post-depositional snuffbox weathering. In the other units both 
chert and dolomite are represented; individual fragments, 
particularly in the larger fractions, are mostly fresh, but may 
show thin weathering skins on one or two faces, indicating that 
they accumulated through intracavernous collapses of the roof 
and projecting ledges. The finer fractions frequently include 
subrounded chert elements, which are more uniformly and 
deeply weathered; these represent an extracavernous colluvial 
component of the deposit. Only in bed B of Member 4 does 
weathered dolomite contribute significantly to these colluvial 
elements. 

Member 1 1s exposed above the weathered dolomite floor in 
Silberberg Grotto. It consists of 0.5-2.0 m of white banded pale 
brown (10 YR 7/3) recrystallised meso- and macrocrystalline 
calcite, locally contaminated with fine clastic sediment. The 
lower 50%, constituting bed A, has little contamination and no 
bone. Bed B includes numerous angular chert and dolomite 
pebbies and cobbles and occasional bone fragments, indicating a 
small surface opening. The upper contact is wavy and grada- 
tional. 

Member 2 is exposed in Silberberg Grotto. It consists of 
0.5-5.0 m of light brown and red (7.5 YR 6/4-2.5 YR 5/6), 
mostly centimetre-bedded silty loam (slightly clayey sand-silt) 
containing numerous broken spelecthems, occasional calcite 
lenses, scattered pebbles and cobbles, and high concentrations 
of bone near the base. Deposition has occurred around a large 
stalagmitic boss belonging to Member 1; to the east, bedding 
planes dip approximately 10° SE, while to the west, the sedi- 
ments comprise a steep debris cone. CaCO; averages 73% and 
average @ mean is 5.20. Sediments are poorly to very poorly 
sorted’? and highly leptokurtic with pronounced negative 
skewness. Crystalline minerals (in decreasing abundance) are 
quartz, pyrophyllite, sericite, goethite and kaolinite. Typical 
particulate roundness and sphericity are 0.1 and 0.5 respec- 
tively, indicating higher angularity than is characteristic of 
present external colluvial soils. As tn all succeeding units, quartz 
particles predominate; chert is present in very small proportions 
and dolomite grains are rare. Surface staining is largely absent. 
Contact is slightly wavy and abrupt. 

These features suggest periodic ponding and episodic 
subaqueous deposition with flushing of some fines into more 
distant depositories to the east of the boss, and conical gravita- 
tive accretion to the west. Sedimentary parameters suggest 
higher energy conditions near the middle of the bed. Dis- 
tribution of this and succeeding members, and direction of 
depositional dip relative to relief in cave floor, indicate the 
presence of an opening vertically above the eastern end of 
Silberberg Grotto. 

Member 3 consists of beds A and B. Bed A is exposed in 
Silberberg Grotto and is composed of recrystallised mesocrys- 
talline calcite averaging 0.5 m thick and dipping about 15° SE. 
Bed B is exposed in Silberberg Grotto and the East Pit of the 
Type Site (top of bed only). It consists of about 10 m of reddish 
brown (5 YR 5/4) occasionally speckled red (5 YR 5/8) loam 
(clayey silty sand) containing scattered angular pebbles, cobbles 
and boulders and abundant bone fragments. Bedding is not 
discernible, but calcite lenses occur in lower levels. CaCO, 
averages 76% and average @ mean is 5.10. Sediments are very 
poorly sorted, leptokurtic and very positively skewed. Crystal- 
line minerals are quartz, goethite, sertcite, felspar and kaolinite. 
Typical roundness and sphericity are 0.3 and 0.5 and compare 
with outside colluvium. There is occasional pyrolusite staining. 
Contact is apparently conformable and abrupt. The sedimen- 
tology indicates slow, uniform gravitative accretion of external 
colluvium and, possibly, some aeolian sand through small open- 
ings without significant resorting by water, but with occasional 
collapses of protruding cave ledges. 

Member 4 consists of beds A, B, C and D. Bed A is exposed in 
the Type Site and the Lower Cave. It consists of 1-5 m of 
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angular pebbles, cobbles and boulders cemented by recrystal- 
lised meso- and macrocrystalline calcite, containing occasional 
small irregular pockets of reddish brown (5 YR 5/4) silty loam 
(slightly clayey silty sand) and occasional bone fragments. Fine 
sediments were apparently contemporaneous with the coarse 
fraction, and are similar to those of bed B, with a @ mean of 4.90. 
Contact is intedigitating. This bed indicates a series of major 
roof collapses in rapid succession, greatly enlarging the cave 
opening. This is supported by analysis of the '*C content of the 
calcite within succeeding units; a significant increase in °C 
above this level suggests greatly improved ventilation of the 
cave ^. 

Bed B is exposed in the Type Site, the Lower Cave and lower 
levels of the Extension Site. It consists of 1.0-5.5 m of pre- 
dominantly reddish brown (5 YR 4/4 and 5/4), but less 
frequently yellowish red (5 YR 5/6) and red (2.5 YR 4/6 to 5/8) 
sandy loam (slightly clayey silty sand) containing abundant 
pebbles, cobbles and boulders and occasional bone fragments. 
Crude stratification is present in the very coarse fraction, 
parallel to the flanks of a debris cone with its apex near the 
southern margin of the Type Site excavation. Infrequent recrys- 
tallised calcite lenses occur on the flanks of the cone. CaCO, 
averages 53% and average ġ mean is 4.47. Sediments are poorly 
to very poorly sorted and leptokurtic with a wide range of 
skewness from negative to positive. Near the cone periphery (for 
example, in the Lower Cave) sediments are less negatively 
skewed and less markedly leptokurtic. Crystalline minerals are 
quartz, goethite, sericite and kaolinite. Typical roundness and 
sphericity are 0.3 and 0.5, and particles often show pyrolusite 
staining. Contact is eroded and disconformable. 

The characteristics of this bed are consistent with dis- 
continuous redistribution of gravelly colluvium, in admixture 
with roof collapse debris, down the flanks of a cone of gravitative 
accretion under the influence of sheetfloods entering through an 
enlarged cave opening. Higher energy conditions are evident 
towards the middle of this unit, especially around the periphery 
of the cone. | 

Bed C is exposed in several large, isolated pockets in the Type 
Site and the Lower Cave. It consists of 0.5-2.0 m of yellowish 
red (5 YR 5/6) or red (2.5 YR 4/8) unbedded sandy loam 
(slightly clayey silty sand) containing occasional angular cobbles 
and boulders and localised concentrations of bone. CaCO, 
averages 53% and average @ mean is 4.11. Sediments are very 
poorly sorted and mesokurtic to leptokurtic with marked nega- 
tive skewness. Crystalline minerals are quartz, sericite, kaolinite 
and goethite. Typical roundness and sphericity are 0.3 and 0.5, 
and pyrolusite staining is common. Contact is even and abrupt. 

There seems to have been greater dominance of water action 
than in bed B, with flushing out of fines. The gravelly component 
of the external colluvium (if present) was not introduced during 


Table 1 Comparative terminology of Sterkfontein Formation 


Terminology 


Previous Present Hominid remains 
(Robinson) 

Upper breccia Member 6 m 
(Extension Site) 

Middle breccia Member 5 StW 53 and stone 
(Extension Site and industry 
uppermost Type Site) l 

Lower breccia ‘Bed C StS5*, StW 12, 13, 
(Type Site, Lower Cave Member a 14 & 17 
and base of Extension Bed B StS 17*, 71* 


Site) The remainder of 
the specimens of 
A. africanus were 
recovered either 
from bed B or 
bed C 





* Correlation inferred from Broom et al.’s** description of host 
deposits. 
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this period; and intracavernous collapses were less frequent.’ 


Higher energy: conditions prevailed during deposition in the 
middle of this unit. o en aes, AE Ate Oh a 

Bed D ‘is-exposed in the Type Site and the Lower Cave, 
vertically above pockets of bed C. It consists of discontinuous 
white, to brownish (10 YR 5/3) horizontally laminated, recrys- 
tallised meso- to -macrocrystalline -calcite lenses up to 75 cm 
~ thick: These consist of accumulations of thin ‘calcite rafts which 
occasionally form in pools in contemporary Transvaal caves. 
Contact is unconformable and eroded; there has been minor 


subsidence of Member 4 beforé accumulation of Member 5. ~ 


This bed represents a period of greater abundance of water in 


the cave. The presence of very large collapse blocks, 


incorporated in the calcite cement indicates another episode of 
roof instability. . ~ aaa er 
‘Member 5 is exposed at the. Extension Site and the western 
end of the Type Site. It consists of 1-5 m of reddish brown (5 YR 
5/4 and occasionally 4/4) sandy loam (slightly clayey silty sand) 
containing numerous pebbles, cobbles and boulders, mostly of 
chert and dolomite, but ingluding foreign quartz, quartzité and 
diabase, which are believed to have been introduced’ by 
hominids’*. Bone is occasionally present, and a few calcite 


lenses occur near the middle of the member. Crude bedding, ` 


mostly conformable with. the eroded surface ‘of Member 4, is 


evident in the very coarse fraction. CaCO, averages 54% and’ 


average ¢ mean is'3.85. Sediments are very poorly sorted and 
meso- to leptokurtic with negative skewness. Crystalline 
minerals are quartz, goethite, felspar, sericite and kaolinite. 
Roundnesg and sphericity are similar to those in Members 3 and 
4, but pyrolusite staining is less frequent.: Contact is abrupt, 
eroded and unconformable. 


The mode of accumulation was as in bed B of Member 4, but 


without the introduction of weathered dolomite colluvial’ 


gravels. Differences in the range of skewness can be ascribed to 
the relative positions of exposures within the depositional cone. 
The configuration of crude stratification confirms the location of 
the main cave entrance to the south of the Type Site. Evidence of 
cyclically higher energy conditions is present near the middle of 

Member 6 is exposed:on the. north wall of the West Pit 
excavation in the Extension Site. It consists of beds A and B. 
Bed A is composed of up to 25 cm,.of contaminated and recrys- 





tallised basal calcite, which is occasionally bone-bearing. Bed B 


is 0:5-1.0m of dark reddish browr (5 YR 3/3) sandy loam 


(clayey silty sand) containing occasional pebbles and cobbles, 
including foreign stone and some bcne. A single sample from 
bed B had a CaCO, content of 47% and a œ mean of 5.10. 


‘Sediments are very poorly sorted out and highly leptokurtic with 


positive skewness. Crystalline minerals are quartz, sericite, 
kaolinite, goethite and felspar. Roundness and sphericity are 0.5 
and 0.7 and a large proportion of particles shows pyrolusite 
staining. 

Bed B is similar-to the pebbly colluvial soils which now occur 
on adjacent areas of the Sterkfontzin hill; however, foreign 
stone is absent from the latter, and sand grains of Member 6 are 


less angular. 


Extracavernous source materials . 

Comparative analyses of deposits from the vicinity indicate that 
the —2-mm fraction’ of ‘the various units was derived over- 
whelmingly from extracavernous coluvial sources. The contri- 


' bution of the insoluble residue produced by intracavernous 


corrosion is chiefly restricted to a few highly angular chert 


_ particles. - 


` Several generations of colluviun: are evident near Sterk- 
fontein; these range from the pebbly, skeletal mantles in areas 
where a balance exists between eros.on and deposition, to less 
frequent, deeper, pedogenetically differentiated profiles in relict 
areas immune from rapid denudation. The —2-mm fractions 


- usually display fairly similar ranges of properties; these seem 


related rather to & geomorphic envircnment of episodic incision 
along the Bloubank valley and to local depositional conditions 
than to climate and’ weathering, the imprint of which should 
rather be sought in fluctuations in patterns and rate of sedimen- 
tation within the protected environments of cave depositories. 

The characteristics of the Sterkfontein Formation are most 


' readily explained in terms of the reworking of source materials 


akin to the present, widespread, thin, pebbly colluvium. This is a 
dark reddish-brown (5 YR 3/4), sandy loam (slightly clayey silty 
sand), containing abundant weather2d chert pebbles and cob- 
bles, and seldom exceeding 50 cm thick. The ¢ mean averages 
4.20. ‘The material is poorly to very poorly sorted and is 
leptokurtic with a small range of skewness, both negative and 
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positive. Crystalline minerals are quartz, goethite, kaolinite, 
sericite and felspar. Roundness and sphericity are 0.3 and 0.5, 
and many particles show pyrolusite staining. 

Sedimentary facies of the various units of the Sterkfontein 
Formation can be related to the extracavernous colluvium in 
terms of a limited suite of transportational and depositional 
processes. Except in the case of Member 3, where enrichment in 
fines, possibly due to the presence of an aeolian component, has 
resulted in pronounced positive skewness, the colluvial source 
materials have suffered removal of fines to various degrees. This 
can be attributed to the flushing action of successive sheetfloods 
through the cave opening, which tended to transport fine ele- 
ments into more distant depositories within the cavernous 
dolomite, increasing negative skewness except where further 
transportation was obstructed (for example, in areas where 
debris cones impinged on the walls of the cave). 

Fine sedimentary fractions are more abundant in the lower 
members, due to the greater degree of illuviation with increasing 
distance from the cave opening. An exception is Member 6, the 
proximity of which to the cave opening would be expected to 
favour a depletion in fines through flushing and eluvial effects. 
The relatively high proportion of fines encountered in this 
member suggests that the colluvial source materials have 
undergone limited transportation into a restricted depository 
with enrichment in fine elements. 

The extensive hiatuses in clastic deposition within the cave, 
sometimes associated with calcite accretion, indicate cycles with 
reduced influx of extracavernous sediments. In some instances 
such episodes were marked by intra-cavernous scouring and the 
production of erosional unconformities. 

Under the present climatic and pedogenetic regime in the area 
the very coarse fraction of the colluvium consists exclusively of 
partially weathered chert fragments derived from the chert-rich 
dolomite. Material of this type is present in all members, and has 
sometimes undergone post-depositional weathering. Only in 
bed B of Member 4 does weathered dolomite form a significant 
component of the very coarse colluvial fraction. The contem- 
porary occurrence of weathered dolomite in colluvial mantles in 
South Africa is restricted to arid environments. 


Solution cavities and discrimination between 
members 


Mention must be made of the unconsolidated fillings of solu- 
tional cavities which were formed within the soluble surface of 
the Sterkfontein Formation, chiefly of Member 5, after the 
cessation of sedimentation. These attain depths in excess of 5 m 
and contain material produced by decalcification and in situ 
weathering of the surrounding sediments. A clear transition 
exists betweeen the overlying recent colluvium and these resi- 
dual materials. The latter sometimes contain bone. The wea- 
thering residue from Member 5, which occurs within these 
cavities, is sedimentologically similar to its parent material, but 
somewhat better sorted, indicating enrichment in fines, either 
through in situ weathering and comminution of particles, or 
through illuviation from the overlying colluvium. Individual 
particles are also more rounded than those from Member 5, and 
pyrolusite staining is widespread. 

Sedimentological analysis of samples from the various litho- 
stratigraphic units of the Sterkfontein Formation reveals that 
successive members are distinctive in terms of the standard 
deviation of at least one of the associated quartile and moment 
measures. 


Comparison with Swartkrans Formation 


The stratigraphy of the nearby Swartkrans hominid site has been 
re-appraised recently'*’°, and the Swartkrans Formation has 
been defined. Comparison of the Sterkfontein and Swartkrans 
Formations shows that, although similarities exist, there is no 
obvious lithostratigraphic overlap between their various 
members and beds. The sediments of the Swartkrans Formation 
are distinctly more positively skewed and are generally more 
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poorly sorted than those of the Sterkfontein Formation. While 
the accretion of Member 1 of the Swartkrans Formation in a 
gravitative debris cone is analogous to that of Members 4 and 5 
of the Sterkfontein Formation, the subsequent large-scale cor- 
rosion of this accumulation, and the filling of the voids thus 
created with younger sediments, followed, in turn, by a second 
cycle of channel erosion and deposition, is not apparent at 
Sterkfontein. The preponderance of sediments derived from 
deep argillic colluvium in both Members 1 and 2 of the Swart- 
krans Formation '* likewise has no parallel at Sterkfontein. 

The faunal assemblage from the Type Site at Sterkfontein 
(labelled StS) is overwhelmingly derived from Member 4 of the 
Sterkfontein Formation; it is very different from that of the 
Extension Site, and has no equivalent at Swartkrans’°. Previous 
evaluations of the assemblage from the Sterkfontein Extension 
Site’’~*? have assumed that the entire West Pit assemblage 
(labelled SE) belonged to one stratigraphic unit. My studies 
reported here, confirmed independently by C. K. Brain, reveal 
that some specimens from this assemblage have attached matrix 
belonging to Members 4 and 6 of the Sterkfontein Formation, 
even though Member 5 is the most widespread stratigraphic unit 
exposed in the West Pit. In view of this discovery, previous 
evaluations of these faunas with respect to chronology will have 
to be revised. A much needed comparison of the faunas of 
Member 1 of the Swartkrans Formation and Member 5 of the 
Sterkfontein Formation awaits a further study of the revised 
assemblage from the latter unit (to be undertaken shortly by 
E. S. Vrba). 

The fauna from Member 2 of the Swartkrans Formation’” 
includes elements from both the main mass of this unit and the 
later channel fillings. Vrba’s’® earlier and later subdivisions of 
the SKb bovid fauna can be equated with these two units. 
Vrba’®*! has concluded that the later SKb fauna corresponds to 
her later Sterkfontein category, which is likely to belong to 
Member 6 of the Sterkfontein Formation. 

These comparative faunal data are not sufficiently precise to 
permit postulation of time-equivalence between the respective 
stratigraphic units. 


Correlation with previous terminology and 
hominid finds 


It may prove useful for readers familiar with the published 
stratigraphic terminology of previous workers at Sterkfontein to 
have a cross-reference to the terminology used here (Table 1). — 
At the same time, an indication is also provided of the relative — 
position of the excavations carried out to date and the known of 
likely provenance of certain of the hominid remains. 

From the above correlation it will be clear that excavations so 
far have sampled only the uppermost 30% of the stratigraphic 
thickness of the Sterkfontein Formation. No excavations have 
been carried out in Members 1-3. 

I have not considered biostratigraphic or chronostratigraphic 
aspects of the Sterkfontein Formation here; these, together with 
the environmental implications of the data, will be discussed 
elsewhere. 

I thank the University of the Witwatersrand, especially the 
Department of Anatomy and the Bernard Price Institute for 
Palaeontological Research, for access to the site. Professor P. V. 
Tobias and Mr A. R. Hughes for comment and encouragement, 
and Drs C. K. Brain, E. S. Vrba and A. J. Tankard for useful 
discussion. 
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Generation of a transient, amplified response to the dim- 
ming of light in the visual system of the barnacle involves 
two synaptic stages. It is accomplished primarily by 
decrementally conducting neurones that are similar to 
bipolar cells of the vertebrate retina. 


THIS work is concerned with the fate of visual information as it is 
processed by the first few celis of the simple visual system of the 
barnacle. The specific problems addressed here have been raised 
by observations on the vertebrate retina. As information is 
passed from the receptors to bipolar cells and from them to the 


retinal ganglion cells, the steady responses that encode light 


intensity are essentially lost, whereas responses to changes in 
intensity are amplified. How the synaptic and membrane pro- 
perties of decrementally conducting retinal cells accomplish this 
process of differentiation, which enables ganglion cells to 
perceive changes over a wide intensity range, is not understood 
(see, for example, refs 1-4). Like their counterparts in the 
vertebrate retina, the first few cells of the visual pathway of the 
barnacle,are specialised to extract information about changes in 
intensity. 

Voltage changes induced by light in the dendrites of the 
kcphotoreceptor cells of the barnacle median eye spread 
decrementally along the cells’ axons to their terminals in the 
supra-oesophageal ganglion**. Light depolarises the photore- 
ceptors and dimming causes them to repolarise. In cells which 
we conclude to be second- and third-order, however, dimming 
causes a transient depolarisation. This depolarisation generates 
a burst of action potentials in the third-order cells. These 
impulses are conducted through the circum-oesophageal 
connectives to the ventral ganglion to influence neurones that 
mediate the shadow-induced withdrawal of the animal into its 
shell’*. The present study is of the synaptic connections and 
membrane properties of the neurones that process the receptor 
signal to generate an ‘off-response’ over a wide range of light 
intensities. 


Identification of second- and third-order 
ganglion cells 


Many of the neurones of the NEET E ganglion 
respond to the dimming of light, and are probably involved in 
the complex defensive response of the animal to a shadow”. 
Most cells do not respond to the onset of a pulse of light but only 
to its termination. Certain small cells near the photoreceptor 
terminals, however, respond to the onset as well as to the 
termination of light?” 2: at light onset these cells hyperpolarise, 
and at the termination of light they depolarise transiently. As 
these ‘biphasically responding cells’? sense both the onset and 
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the offset of light, they must precede other cells in the visual 
pathway. Indeed, their hyperpo-arising and depolarising 
responses, as well as the photoreceptor responses, are spared 
when sodium action potentials are 2liminated by tetrodotoxin 
(TTX), abolishing all activity in other ganglion cells. 

We have investigated further the properties of biphasically 
responding cells and have found that they can be divided 
unambiguously into two types on the basis of their characteristic 
responses to light, their dark resting potentials, and their ability 
to generate sodium- or calcium-dependent action potentials. So 
far we have found only one cell of cech type on each side of the 
ganglion. 

The responses of a photoreceptor and of each type of ganglion 
cell to pulses of dim and bright light are presented in Fig. 1. The 
response of one type, the ‘inverting zell’ (I cell), is essentially a 
mirror-image of that of the receptor. Evidence that the I cell is a 
second-order neurone, in other words directly postsynaptic to 
the photoreceptors, will be presentec below. The I cell displays a 
low resting potential in the dark (mean —45 mV; range —30 to 
-50 mV; n=9), a marked hyperpodlarisation at the onset of 
light, and a depolarisation or oscilletions at the termination of 
the light pulse. The second type of biphasically responding cell 


Fig. 1 Responses to light of a photo-eceptor, an I cell and an A 
cell a, Responses in normal saline tc dim (left-hand traces) and 
moderately bright (right-hand traces) pulses of light of 2 s duration. 
I cell record ss atypical in that most I cells generate off-responses, 
even following bright lights, which conzist of a single depolarisation 
overshooting the dark resting potential, rather than of the multiple 
Oscillations shown bere. b, Responses of the same cells shown i in a 
when the ganglion was perfused with TTX 107° g mi! The pho- 
toreceptor impalement was lost after changing solutions. The 
- recordings from the photoreceptor aad I cell were made simul- 
tancously; the A cell responses are from another experiment. Light 
intensities (log mW cm”) are indicated to the right of the shutter 
monitor trace (lower trace). 
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Fig. 2 Conductance of the I cell increases during its response to 
light. The experiment is illustrated at the top right. Two oscillo- 
scope sweeps are superimposed. The voltage response to a flash of 
light was recorded by one sweep; short pulses of current of constant 
magnitude were superimposed on the flash response on the other 
sweep. The changes in voltage evoked by these current pulses were 
larger and had a longer time constant in the dark (for example, A) 
than during the light reponse (for example, B). To obtain a value 
for the time constant of the membrane during light and dark 
independent of bridge balance, a phase-plane plot was made 
relating the rate of change of the voltages (d V/drt)in pulses A and B 
to the voltage (V). Ordinate, dv/dt, measured as the difference 
between voltage measurements at 2 ms intervals during the rising 
phase of the hyperpolarising pulse (diagram, lower right). Abscissa, 
V, membrane potential of cell (see diagram). The exponential 
increase in the negative voltage in time is described by V= 
Vell ~ exp (~t/r)) where Vois the voltage developed at the end of 
a long current pulse and 7 is the time constant. To relate V and 
dV/dt, one can take the time derivative of the above expression: 
dV/dt = (V.,/7) (exp (-t/r)). These two expressions can each be 
solved for V.exp(~t/r) and equated. Therefore dV/dt= 
~ V/T + V../7. This equation describes the lines drawn through the 
data points on the phase-plane plot by linear regression. From the 
slopes of each line the time constants of rise of pulses A and B were 
calculated using the above equation and are shown. As the time 
constant is inversely proportional to the conductance of the cell, 
the conductance ts increased by a factor of about two. 


has been called an ‘amplifying cell’ (A cell), as the most conspi- 
cuous feature of its response is a large depolarisation after 
termination of illumination even when the concurrent voltage 
changes in the receptors and I cells are small. The A cell has a 
resting potential (mean —64 mV; range —55 to -70 mV; n = 17) 
more typical of ganglion cells and the photoreceptor itself; it 
gives only a small hyperpolarisation to light, but a large 
depolarisation which sets up action potentials after termination 
of illumination. Previously published work has dealt with 
neurones with the properties of A cells''"'* and has shown that 
impulses arising in these cells at the termination of a light pulse 
are conducted along the cells’ axons in the contralateral connec- 
tives. 

The hyperpolarising and depolarising responses to light of 
both I cells and A cells are preserved in TTX (Fig. 1b). In TTX, 
the A cell is no longer able to generate action potentials, and its 
background synaptic activity ceases. 

One simple way to account for the observations presented in 
Fig. la and b is that the I and A cells are the second- and 
third-order neurones in the visual pathway. When depolarised 
by light, the photoreceptors release inhibitory transmitter on to 
the I cells, causing them to hyperpolarise. In turn, the I cells, 
when released from inhibition by dimming or by dark, 
depolarise and release excitatory transmitter on to the third cell 
in the sequence, the A cell. This scheme is consistent with the 
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observation that I cells in the dark rest at a relatively depolarised 
membrane potential which could cause them to release trans- 
mitter constantly. Such a circuit has been proposed by Ozawa et 
al.“ as one likely way of accounting for their observations on 
cells with the properties of A cells. 

The proposed scheme implies that I cells would have a greater 
conductance in the light, when they are bombarded with inhibi- 
tory transmitter, than in the dark. A cells would display just the 
opposite properties: a greater conductance in the dark when 
they are bombarded with excitatory transmitter than in the light. 
We have found that the conductance of the I cell is indeed 
increased in response to light (Fig. 2). The conductance of cells 
with properties of A cells has been measured'*"* and was found 
to be greater in the dark than in the light. The direction of the 
conductance changes in these two biphasically responding cell 
types supports the hypothesis that the receptor neurone releases 
inhibitory transmitter in the light and the I cell releases excita- 
tory transmitter in the dark. 

Recordings made simultaneously from an I cell and an A cell 
show that the I cell is presynaptic to the A cell. Injection of 
current in the dark into the I cell in either the depolarising or 
hyperpolarising direction causes a steady potential change of the 
same sign in the A cell (Fig. 3a). This result would be expected if 
polarisation of the I cell were increasing or decreasing a steady 
release of excitatory transmitter from this neurone. The long 
latency between I cell polarisation and A cell response suggests 
that transmission at this synapse is chemically mediated. 
Injection of current into the A cell causes no change in the I cell 
membrane potential (Fig. 3b). Thus, the I cell is presynaptic but 
not postsynaptic to the A cell. Hyperpolarising currents injected 
into the I cell to mimic the effect of light can cause a depolarisa- 
tion in the A cell at the cessation of the current pulse (Fig. 3c), 
much like the off-response to light. 


Functional membrane properties of 
I cells and A cells 


Both I cells and A cells can display regenerative activity asso- 
ciated with repolarising potential changes in the photoreceptor 
(Fig. la and 6). The nature of this regenerative activity is 
decidedly different, however, in the I cell and A cell. 

The activity that one sees in the I cell ranges from oscillations 
to small, slow (about 20 ms to peak) regenerative events with 
noticeable inflections on the rising phases. This regenerative 
activity is insensitive to TTX (Fig. 14). Hyperpolarising current 
pulses injected into the cell soma evoke oscillations at the break 


Fig. 3 Depolarisation or hyperpolarisation of an I cell causes 

potential changes of the same sign in the contralateral A cell (upper 

sets of traces). Polarisation of the A cell does not affect the I cell 

(lower set of traces). The magnitude of the injected current was 

measured by recording the command potential which drove the 

current pump in the d.c. preamplifier. The experiment was carried 
out in the dark. 
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of the pulse (Fig. 4). Distinct action potentials of greater ampli- 
tude can be evoked if the preparation is bathed in 100 mM 
tetracthylammonium ion (TEA). This compound generally 
blocks voltage-sensitive potassium channels, thereby reducing 
outward potassium currents and allowing inward currents to 
generate larger voltage changes than in normal saline. The 
amplitudes and rates of rise of the action potentials generated in 
the presence of TEA are decreased when calcium is replaced by 
magnesium. When calcium is replaced by barium in the presence 
of TTX, an action potential can be generated even in the absence 
of TEA. Thus, the regenerative activity recorded from the soma 
of an I cell is due to voltage-sensitive calcium channels. . 








Fig. 4 Oscillations evoked in the I cell at the break of a hyper- 

polarising current pulse. Three pulses of increasing amplitude have 

been superimposed. Upper traces: current monitor, current 
recorded as in Fig. 3. Lower traces: membrane potential. 


The impulses set up in the A cell are, on the other hand, 
abolished by TTX. A cell impulses are always distinct action 
potentials rather than oscillations, they are conducted along the 
cell’s axon in the circum-oesophageal connective, and they have 
the fast rise time (1-2 ms) typical of sodium-dependent action 
potentials. 


{ 


Information transfer at the first 
two synaptic stages 

Both the peak and plateau of the I cell response (Figs 1 and Sa 
and b) grow over a range similar to that of the receptor response 
(ref. 5, Fig. 4). Thus, information concerning the intensity of 
maintained light is transferred from the receptor to the I cell. 
Figure 5a shows that the membrane potential of the I cell is a 
function of light intensity over a range of about 5 log units. The 
slope of this relationship varies widely among different I cells for 
reasons as yet unknown. 

Figure 6 shows a simultaneous recording made from a pho- 
toreceptor and an I cell. The steep slope of the relationship 
between intensity and plateau response in this I cell shows that 
receptor potentials as small as 1 mV cause a response in the 
postsynaptic cell (Fig. 6a). For voltage changes in the receptor 
ranging from 1-20 mV, the membrane potential in the J cell was 
roughly proportional to the membrane potential of the pho- 
toreceptor (Fig. 6b). 

In contrast to the plateau response of the I cell (Fig. 5a), that 
of the A cell saturates at about 10°°°*mWcm™ (Fig. 5b). 
According to our hypothesis, the A cell plateau is the resting 
potential of the cell in the absence of synaptic input; at light 
intensity dimmer than 107? f mW cm™, the A cell is depolarised 
by excitatory transmitter released from the I cell. In brighter 
lights the I cell seems to be hyperpolarised enough so that it 
stops releasing transmitter. 

The essence of the A cell response to a light pulse is its 
depolarising off-transient. When the ganglion is bathed in TTX, 
this depolarisation no longer elicits action potentials and its 
amplitude can be measured. The amplitude of this off-transient 
is a function of both the intensity and the duration of the 
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preceding light pulse (Fig. 5d). The off-depolarisation increases 
with light intensity for dim lights and saturates at moderately 
bright light. As the amplitude of this saturated response, and the 
intensity at which it saturates, depends on the duration of the 
preceding light as well as on its intensity, information concerning 
absolute light intensity is not preserved at the A cell stage. 


Discussion 


The physiological observations presented above suggest that 
visual information passes serially from the photoreceptors of the 
median eye to decrementally conducting I cells and from them to 
A cells. The A cells transmit information about dimming to the 
ventral ganglion. 

At the first integrative stage, the synapse between the pho- 
toreceptors and the I cells, the light response is inverted by an 
inhibitory synapse. I cells respond to changes of membrane. 
potential in photoreceptors as small as 1 mV from dark resting 
potential (-60 mV). Thus, release of transmitter from the 
receptor must take place at membrane potentials more negative 
than those in squid presynaptic terminal’’ and even takes place 
at the dark resting potential (B. Schnapp, personal com- 
munication). Release of transmitter at the well characterised 
synapses in the squid, lamprey and the hatchetfish nervous 
systems, is not detectable until the presynaptic cell has been 
depolarised by roughly 20 mV to about —45 mV (refs 15-17). 
The input-output relationship of the receptor synapse has 
therefore been shifted so that release, and by inference calcium 
entry'*, occurs at more negative voltages. 





Fig. 5 Responses to light of I cells a and c and A cells (b and d) 
Plateau hyperpolarisations measured in six I cells (a) and seven A 
cells (b) just before the end of a 2-s light pulse and plotted as a 
function of light intenmty c, Peak hyperpolarisations of the I cells 
plotted as a function of light intensity. d, amplitudes of off- 
responses in an A cell (¥ in 5) as a function of light intensity for 
hght pulses of three different durations as indicated. The expen- 
ment illustrated in d was carried out in the presence of TTX. 


Responses of the I cell to light also resemble those of bipolar 
cells of the vertebrate retina. In both, the responses are graded, 
the onset and termination of light evoke potential changes from 
dark rest in opposite directions to one another, and neither cell 
type normally generates all-or-none action potentials. Bipolar 
cells have been reported to exhibit oscillations in certain condi- 
tions'**° which have the appearance of small action potentials 
but are graded in amplitude. These oscillations in the bipolar cell 
are similar to those sometimes seen in the I cell and might 
similarly be due to voltage-sensitive calcium channels. 
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Fig.6 Relationship between membrane potentials of an I cell and 
a photoreceptor recorded simultaneously. a, Peak (A) and plateau 
(&) depolarisations in the photoreceptor and peak (O) and plateau 
(@) hyperpolarisations in the I cell as functions of light intensity. 
Plateaus were measured at the end of 2 2-s light pulse. b, Plot of the 
membrane potential changes induced by light in the photoreceptor 
against changes in the I cell. The data from a are replotted showing 
relationship of peak (Q) and plateau (W) measurements of light 
responses from the two cells. Dark resting potentials were —44 mV 
in the I cell and —60 mV in the photoreceptor. The steepness of the 
relationship is not significant, as it depends on the exact location of 
the electrode along the length of the photoreceptor axon (6.6 mm 
from the ganglion in this experiment). This I cell is represented as O 
in Fig. 5a and c. 


The responses of I cells also share features of second-order 
cells in insect visual systems. Intracellular recordings have been 
made from second-order neurones (laminar type I neurones”') 
in lateral eyes of several insects (locust”’ and fly’***) and in the 
median eye of the dragonfly”. Light responses of second-order 
cells in these insects resemble light responses in the I cell in that 
they have a large, transient, initial hyperpolarisation which 
decays to a plateau. 

It is not clear whether second-order neurones in insects 
generate action potentials. As action potentials have been seen 


occasionally in these insect cells”, the absence of impulses from _ 


intracellular recordings is usually attributed to microelectrodé 
damage****. On one occasion, however, we have recorded 
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action potentials from I cells in normal saline which resembled 
those recorded from second-order cells of the dragonfly ocellus 
but which were insensitive to TTX. Perhaps the impulses recor- 
ded occasionally in insect second-order cells are calcium- 
dependent. 

At the second integrative stage in the barnacle, the synapse 
from the I cell to the A cell, the intensity range over which the 
responses of A cells are graded is narrowed and the off-response 
is amplified (Fig. 55). When I cells are released from a hyper- 
polarisation caused by light or by current, regenerative activity is 
seen. We have shown that this activity reflects the activation of 
voltage-sensitive calcium channels, and it is reasonable to 
assume that these channels are at least in part those associated 
with the release of transmitter. The onset of dark, then, causes 
depolarisation of the I cell, the activation of voltage-sensitive 
calcium channels, and the release of transmitter which excites 
the A cell. The release properties of this synapse are such that 
the graded portion of the light response is for the most part not 
transmitted to the third-order cell. The oscillation occurring in 
the I cell when the light goes off, on the other hand, is trans- 
mitted and amplified. The large depolarisation occurring in the 
A cell at the termination of light generates a burst of TTX- 
sensitive action potentials. 

We have suggested that the I cell constantly releases trans- 
mitter on to the A cell in the dark. Like Ozawa et al.'* we have 
observed that in the dark the A cell membrane potential under- 
goes greater fluctuations than it does in the light. Ozawa et al.'* 
suggest that this increased noise arises from fluctuations in the 
continuous release of transmitter on to the cell in the dark and 
that in the light transmitter release stops. 

We have observed excitatory and inhibitory synaptic poten- 
tials on both the I cell and the A cell in various conditions. The 
role of these inputs is not understood; they might well contribute 
to the light responses in I cells and A cells. It seems unlikely, 
however, that a third type of biphasically responding cell would 
be interposed between the receptor and I cell, or between the I 
cell and A cell, as in our many impalements of small cells in many 
preparations we have found only these two types of cells which 
respond when light is turned on. Final confirmation of our 
postulated scheme must come from the demonstration of direct 
contact between the cells with the electron microscope. 
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Evidence for splicing of interrupted 
immunoglobulin variable and constant region 
sequences in nuclear RNA 


T. H. Rabbitts 


MRC Laboratory of Molecular Biology, Hills Road, Cambridge, UK 


Evidence is presented that the mouse light-chain coding 
sequence is interrupted in a 27S nuclear RNA species, 
whereas the sequence is continuous in both a 13S nuclear 
RNA and in cytoplasmic mRNA. The discontinuity of 


coding regions in the 27S nuclear RNA parallels the situa -" 


tion found in myeloma DNA and indicates, therefore, that 
the removal of interruptions in the V and C regions occurs at 
the level of nuclear RNA. 


IMMUNOGLOBULIN (Ig) polypeptides consist of variable (V) 
and constant (C) regions associated in a single molecule. This 
molecule is synthesised, by the antibody-producing cells, from a 
single mRNA molecule containing both V and C regions’. 
Recent restriction enzyme mapping data*” on mouse « class 
light (L) chains have shown that the germ-line DNA carries the 
V and C genes separated by an unknown stretch of DNA. 
Differentiation of antibody-producing cells seems to result in 
DNA rearrangement such that the V and C genes are moved 
closer together in the genome’”. It has been shown, however, 
that such a rearrangement does not result in a fully contiguous 
stretch of DNA carrying V and C, genes in a linear array’ but 
rather-the active « L-chain gene of myeloma cells contains an 


interruption sequence at or near the junction of the V and C . 


regions: A similar interruption has also been observed in a 
mouse myeloma A L-chain*. Therefore, the transcription unit 
encoding the V and C genes includes material which is not 
represented in the final mRNA. 

Recently, data have been obtained from several other 
systems, showing the occurrence of discontinuous genes. These 
appear in adenovirus and SV40 (refs 5-11), ribosomal 
cistrons'*"?*, globin genes'”'® and ovalbumin genes'***. One 
possible route by which this extra material may be removed is 
during the processing of the nuclear RNA (nRNA) precursors of 
mRNA. Thus, the entire Ig gene (including the sequence of the 
interruption) can be transcribed into a large nuclear RNA 
precursor followed by a process of ligation to form contiguous V 
and C regions. Alternatively, it is possible that the V and C 
regions could be transcribed into separate nRNA molecules 
from which the V and C genes are joined. A completely 
different type of process might involve the RNA polymerase 
‘jumping’ across the interruption sequence (thereby effectively 
ignoring ithand generating contiguous sequences in RNA from 
discontinuous sequences in DNA. We have investigated the 
arrangement of V- and C- region: sequences in the nuclear 
RNA of MOPC 21 cells and conclude that transcription of the 
interrupted Ig gene produces a nRNA molecule or molecules 
in which an interruption occurs at or near the V-C junction. 
Joining of this V-C interruption, therefore, apparently occurs 
at the level of nuclear RNA to generate a 13S nuclear RNA 
molecule with continuous V and C regions. 


Characteristics of a 27S nRNA containing L- 
chain sequences 

RNA was prepared from detergent-washed nuclei of mouse 
MOPC 21 cells, and fractionated on a sucrose gradient following 


O02 8--0836/78/027 5-029 1 $01 00 


denaturation in dimethyl sulphoxide (DMSO). An aliquot of 
each gradient fraction was hybridised with “*P-labelled L-chain 
complementary DNA (cDNA) and the single strand-specific S, 
nuclease-resistant radioactivity determined by tnchloroacetic 
acid (TCA) precipitation (Fig. 1). The main peak of hybridisa- 
tion observed was around 13S but significant hybridisation was 
found in regions up to about 305 (a minor but reproducible peak 
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Fig. 1 Hybrndisation of L-chain cDNA to fractionated mouse 
myeloma nuclear RNA. Nuclear RNA was prepared from mouse 
myeloma P3K cells (MOPC 21)”' by a modification of a previous 
procedure™, 10° cells were lysed in 2C ml 0.5% NP40, 0.24M 
sucrose, 10 mM Tris-HCl pH 7 5, 10 mw MgCl, 10 mM KCI. The 
nuclei were pelleted and suspended in 1 mi 0.12 sodium phosphate 
pH 6.8, and lysed with 100 ml 8 M urea, 2.24 M sodium phosphate 
pH 6 8, 1 mM EDTA, 0.5% SDS” 10 g hydroxyapatite (Brorad) 
were added and stirred vigorously for 1C min. The hydroxyapatite 
plus the DNA was removed by centrifcgation (5 min at 1,000g) 
and the supernatant dialysed exhaustive y against 0.25 M NH,Ac, 
1 mM EDTA, 05% SDS. RNA was recovered by ethanol pre- 
and dissolved in 10 ml 7 M trea, 0.35 M NaCl, 05% 
SDS and 1 mM EDTA. Ths solution wis extracted twice with an 
equal volume of buffer-equilibrated phenol—chloroform (1:1 v/v) 
and ethanol! precipitated. The recovered RNA was washed twice 
with 3 M NaAc pH 6.0 (ref. 24) to remove residual DNA, repre- 
cipitated from 100 mM NaAc pH 6 0, and finally dissolved in 1 mM 
EDTA, 70% DMSO. The solution was heated for 2 min at 70 °C, 
rapidly diluted with 3 vols 0.5% SDS, 10) mM NaCl, 1 mMEDTA 
and 10 mM Tris-HCI pH 7.5, and layered on 15-40% sucrose 
gradients (in 100 mM NaCl, 0.5% SDS, 10 mM Tns-HCl pH 7.5, 
1 mM EDTA). Centrifugation was for 3h at 38,000 r.p m. in an 
MSE 6x 14 ml rotor at 25°C The gradients were fractionated into 
0.5-ml fractions and 100-1] aliquots were ethanol precipitated with 
10 pg Escherichia coli DNA plus 2,500 c/m unfractionated P-L- 
chain cDNA. The recovered precipita e was dissolved in 20 pl 
0.3 M NaCl, 10 mM Tris-HCl pH 7.5,0.5% SDS and 1 mM EDTA 
and meubated at 70°C for 16h. The hvbridised cDNA was esti- 
mated by TCA precipitation following S; nuclease digestion as 
previously described®. The cDNA used in this study was made with 
MOPC 21 L-chain mRNA and T2-G,-T as primer This primer 
initiates at the equivalent of residue 205 just within the C 
region’ 7’, so cDNA molecules begir with C, sequences and 
proceed into the V region. The V+2 cDNA used in Fig. 2 
consisted of a cDNA band eluted from an acrylamide gel: this band 
was about 700 bases long and represents the maxtmum length 
transcript which can be obtained from -he T2-G;-T priming site 
Sedimentation 1x right to left. Pools a and b were selected for 
resedimentation. 
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of hybridisation being observed at around 27S). Evidently, 
therefore, the steady-state nRNA of MOPC 21 cells consists 
mainly of a species showing a similar sedimentation value to 13S 
cytoplasmic mRNA. A second species (around 27S) seems to be 
present in the nRNA but in rather low proportions: this RNA 
will be approximately two to three times the size of the L-chain 
mRNA and presumably represents a precursor of the L-chain 
mRNA. This conclusion is consistent with a recent publication?’ 
which showed that, although a 40S species is the probable initial 
transcript of the L-chain gene, a 13S species was the pre- 
dominant L-chain-specific nuclear RNA present, with a 24S 
minor species also being observed. 

We have investigated the spatial arrangement of the V and C 
regions in these nuclear RNA species with an assay previously 
used to demonstrate the presence of an interruption in the x 
L-chain gene*. This assay consists of electrophoretic deter- 
mination of the size of **P-cDNA, protected from S, nuclease 
digestion, after hybrid formation with DNA or RNA. The 
rationale of this approach is that cDNA containing V- and 
C-region sequences would be completely resistant to S, 
nuclease after hybridisation with RNA or DNA in which the V- 
and C-region sequences are continuous. On the other hand, this 
cDNA would be only partially resistant to S, nuclease when 
hybridised to RNA or DNA in which interruptions of V and C 
regions occur. In a previous study? we found that V +C cDNA 
(that is, cDNA of about 560 bases in length, made as described 
in Fig. 1 legend, extending over both C and V regions) was not 
fully protected from S, nuclease when hybridised with myeloma 
DNA prepared from cells making the specific L-chain. Instead, 


Fig. 2. Pattern of S, nuclease protection of L-chain cDNA after 
hybridisation with fractionated mouse myeloma nRNA. 100-yl 
aliquots of fractions 17-23 (from Fig. 1) plus 100-) aliquots of 
cytoplasmic mRNA were hybridised to V + C cDNA as in Fig. 1. 
Following hybridisation, the nucleic acids were precipitated with 
ethanol and recovered by centrifugation. The pellets were washed 
with 70% aqueous alcohol, dried in vacuo and dissolved in 20 yl 
0.28 M NaCl, 30 mM NaAc pH 4.5, and 4.5 mM ZnSO, (ref. 29). 
S, nuclease digestion was carried out for 1 h at 37 °C. Following 
digestion, the mixtures were diluted fivefold with 0.2 M sodium 
acetate pH 5.0, 5 mM EDTA and 20 pgm!" E. coli tRNA, and 
ethanol precipitated. The recovered pellet was washed once with 
70% alcohol, dried and dissolved in 20 ul 95% formamide by 
boiling for 3 min. The denatured samples were electrophoresed in 
4% polyacrylamide gel in 8 M urea and the bands visualised by 
exposure to prefogged Fuji X-ray film at —70°C using a fast 
tungstate intensifying screen. Slot 1 is a marker cDNA fraction of 
~280 bases; slot 2 is the unhybridised 700-base V + C cDNA; slot 
3 is the S; protection pattern of cDNA after hybridisation to 
cytoplasmic mRNA; slots 4-10 show the S, protection pattern of 
cDNA after hybridisation to gradient fractions 23-17 (that is, 
fraction 23 is the low molecular weight region of the gradient and 
fraction 17 is the high molecular weight region). 
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we observed a major band of protected cDNA (about 290 bases 
in length) corresponding approximately to the C region. These 
results indicated the presence of an interruption at or near the 
junction of V and C, regions and also indicated that the V, gene 
may possess interruption(s), as we failed to detect a cDNA 
fragment consistent with the expected V-gene length’. This 
assay provides a convenient method to study nuclear RNA 
precursors, as the S, nuclease protection of V+C cDNA by 
nuclear RNA will exhibit half protection of the type observed 
with myeloma DNA (DNA-like protection) if the nRNA pre- 
cursor contains interruptions of the V and C regions or full 
protection if the nRNA precursor contains continuous V and C 
regions. 

Figure 2 shows the pattern of S, nuclease protection of V + C 
cDNA (700 bases) obtained by hybridisation with various 
nRNA gradient fractions (from Fig. 1). The pattern of cDNA 
protected from S, nuclease by hybridisation with cytoplasmic 
mRNA shows two major bands (slot 3): one band of intact 
cDNA 700 bases in length (complete protection) and a further 
band of partial protection around 330 bases. This latter material 
does not occur when purified 13S L-chain mRNA is used’ and 
possibly results from a specific processing of the RNA. This 
protection pattern of the cDNA was also found in the higher 
molecular weight region of the fractionated nRNA but, in 
addition to this, a further component was observed, with a peak 
of sedimentation around 27S. This component consisted of an 
RNA species capable of only partially protecting the 700-base 
V+C cDNA (after hybridisation) to yield a protected cDNA 
fragment around 295 bases. This partially protected cDNA 
fragment is similar to the ‘half protection’ which we previously 
observed with experiments on myeloma DNA (that is, DNA- 
like protection)’ and presumably reflects interruption sequences 
present in the 27S RNA which are absent from the 138 mRNA. 
Therefore, in the nuclear RNA there are apparently two 
separate components, the first having a sedimentation value 
around 27S, possessing a DNA-like arrangement of V and C 
regions, and the second with a value around 13S and partly 
possessing continuous V and C regions (that is, MRNA-like 
arrangement of V and C regions). Thus, the primary transcripts 
of the «-chain gene seem to possess the interruption which 
occurs at or near the V- and C-region junction. 


Confirmation of interrupted V and C regions 
in the L-chain 27S nRNA 


The sedimentation time used for the nRNA described in Figs 1 
and 2 was short so as to display any putative nRNA molecules 
larger than 27S. The result was that the resolution of the 27S and 
13S species was poor, and considerable overlap of the two 
patterns of S, nuclease protection was displayed by the various 
gradient fractions in Fig. 2. To increase the resolution of these 
molecules and to characterise the 27S molecule further, the two 
regions of the gradient shown in Fig, 1 (a and 6) were pooled and 
resedimented after further denaturation in DMSO. The hy- 
bridisation profiles of L-chain cDNA with these various frac- 
tions are shown in Fig. 3. Both pools a and b, as expected, 
showed hybridisation with L-chain cDNA at a position consis- 
tent with a 13S RNA species, and in addition showed peaks of 
hybridisation at around 27S (pool a) and 20S (pool b). No 
hybridisation with L-chain cDNA was observed if the nRNA 
pools were boiled in alkali before resedimentation. Therefore, 
the material sedimenting at 27S is indeed a high molecular 
weight nRNA species containing L-chain sequences. The only 
‘steady-state’ precursor molecule which we observe is the 27S 
molecule, whereas the nature of the 13S nRNA is more 
uncertain. This RNA is probably a true nuclear species but could 
be partly contamination of nuclear RNA by 13S cytoplasmic 
mRNA. 

The pattern of S, nuclease protection of cDNA after hy- 
bridisation to the resedimented nRNA pools (a;, bı, and a2 + bz, 
Fig. 3) clearly shows the difference between the 27S and the 13S 
nRNA, as cross-contamination of the 27S RNA with 13S RNA 
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Fig.3 Hybridisation profiles of cDNA with resedimented nRNA 
pools. The regions of a and b shown in Fig. 1 were pooled and the 
RNA recovered by ethanol precipitation. The RNA was denatured 
in DMSO and resedimented as in Fig. 1. Aliquots were taken and 
hybridised with unfractionated L-chain cDNA as in Fig. 1 followed 
by estimation of S, nuclease-resistant cDNA (TCA-precipitable 
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results from this reaction is mainly 100-200 bases in length. As 
the T,-G;-T initiates just within the C region**~*’, material less 
than 298 residues in length is complementary only to C. 
sequences. Thus, when the C, cDNA is hybridised to the C, 
sequences of either mRNA or nRNA and re-extended using the 
hybrid RNA as a new template, the sequence of the extended 
cDNA will be governed by the sequence of the new template. By 
incorporating the dideoxyn ucleotides as chain terminators in the 
re-extension transcription’, we cam generate a series of 
sequence-specific stopping points which can be visualised by 
fractionation of the resultant cDNA on acrylamide gels™'. Figure 
5 shows this sequence comparison using MRNA or 27S nRNA 
as template and dideoxy-TTP as the chain terminator. Clearly, 
the cDNA has increased in size as a result of annealing and 
re-extension on the RNAs (slots 2 and 3) compared to the 
starting cDNA population (slot 1). By comparison with the 
sequence of the mouse C, region”, we can approximately 
position the bands on the gel with respect to amino acid residues 
in the protein. For reference in Fig. 5 an arrow has been marked 
at the T residue present in the codon corresponding to amino 
acid 110 (Asp) which is close to the V-C junction as defined by 
amino acid sequence data. Therefore, the sequence approxi- 
mately up to this residue is C,-region sequence. Clearly, the 
cDNA band patterns resulting from extension on the mRNA 
and on the 27S nuclear RNA are identical up to around this 
residue, demonstrating that the C, sequences of these RNA 
species are identical. In addition, this result shows the lack of 
interruptions in the C, sequence of the nuclear RNA (at least 


counts). Sedimentation is right to left. The upper panel shows the 
hybridisation pattern of pool a and the lower panel that of pool b. 
The regions a,, b, and a, +b, were selected for further study. 


was limited after the resedimentation. In addition, this experi- 
ment should be viewed in relation to the ability of purified 13S 
mRNA to protect V + C cDNA fully from S, nuclease’. Figure 4 
shows the size of cDNA protected from S, nuclease after 
hybridisation of V +C cDNA (700 bases) to the nRNA pools. 
Both the 27S (a,) and 20S (b,) pools exhibit DNA-like pro- 
tection patterns in that the major protected component of the 
V+C cDNA (initially 700 bases) was about 295 bases long. 
(This size estimate is based on a comparison with radioactive 
Haelll digestion fragments of ®X174 which were run in a 
parallel slot of the gel.) The principal feature of these protection 
patterns is, therefore, the ability of the 27S nRNA to yield a 
protected cDNA fragment of about 295 bases in length which 
parallels the situation with myeloma DNA. The result, there- 
fore, demonstrates that a sequence occurs in the initial tran- 
scripts, of the x gene, which is absent from the mRNA. A small 
amount of intact V +C cDNA is observed after hybridisation 
with the 27S nRNA: this material may result from contamina- 
tion with MRNA-like sequences and/or incomplete digestion of 
the cDNA. The 13S pool (a,+6,) shows a different pattern of 
protection, yielding two bands of approximately equal quan- 
tities (700 and 330 nucleotides) of which the fully protected 
V +C 700-base component reflects the fully integrated state of 
at least part of the 13S nRNA. There is no evidence that the 
295-base component results from hybridisation of cDNA to 13S 
nRNA, indicating that splicing events have occurred to eli- 
minate this interruption at around the V-C junction. The origin 
of the 330 component is at present obscure, but as we were 
unable to detect such a component in purified L-chain mRNA’, 
we feel that the component is derived from nuclear RNA. We 
are, therefore, investigating the possibility that this material is a 
consequence of the nuclear RNA splicing which may involve, for 
example, putative interruptions in the V,-gene sequence. 

To provide independent confirmatory evidence for the 
presence of interruption sequences in the 27S nRNA, we have 
compared the nucleotide sequences of the 13S mRNA and 27S 
nRNA in the area of the V-C junction (Fig. 5). To facilitate this 
comparison, cDNA was made complementary only to the C. 
region by using T,-G,-T primer in a reverse transcription using 
limiting concentrations of dCTP (0.05 uM). The cDNA which 


Fig.4 The pattern of S, nuclease protection of L-chain cDNA by 
resedimented nRNA pools. Pools a, , 6, and a2 + bz (from Fig. 3) 
were ethanol precipitated, hybridised with V + C cDNA, digested 
with S, nuclease and fractionated on a polyacrylamide gel to 
visualise the protected cDNA fractions as in Fig. 2. The sizes of the 
various CDNA bands were calibrated using denatured nick-trans- 
lated Hae llI-digested ®X174 (slot 4) and a 362-base fragment of 
Xenopus 5S DNA (slot 5). Mixed with the latter fragment in slot 5 
was a sample of the V + C cDNA (700 bases). The other slots show 
the S, protection pattern of pool a, (slot 1), poo! b, (slot 2) and 
pools a + b, (slot 3). Slots 1 plus 2 and 3 to 5 have been exposed for 
different times for maximum display. 
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between the equivalent of amino acids 110 and 205). However, 
the cDNA band patterns obtained using the 27S nRNA clearly 
begins to differ from that obtained with the cytoplasmic mRNA 
at a position which approximates to the V-C junction. This 
difference of band pattern therefore reflects a difference of base 
sequence of the two RNA species after this area of the sequence. 
Thus, the result confirms unequivocally the presence of a 
sequence in the 27S nRNA which ts absent from the mRNA. 
This interruption sequence is presumably adjacent to the C, 
region, which means that the MOPC 21 V region is not adjacent 
to the C, inthis 27S nRNA. Localisation of the precise point of 
sequence divergence in the two RNA species must await actual 
sequence data on the 27S nRNA itself. 


Two steps in the integration of V 


and C genes 

The results described indicate that two RNA populations can be 
isolated from the same nuclei of MOPC 21 cells; one of these 
nRNA species exhibits a sequence arrangement of V and C 
genes similar to that in mRNA (that is, continuous V and C 
regions), and the other nRNA (27S) exhibits the interrupted 
arrangement of V and C regions which occurs in the DNA itself. 
The most likely scheme of events would, therefore, seem to be 
that the 27S species is a precursor of the 13S nRNA and that the 
final removal of interruptions from V and C regions occurs in 
processing events of nRNA. Evidence in favour of the 27S 
molecule as a precursor of L-chain mRNA comes from pulse- 
labelling experiments*”. In these experiments a shortlived 40S 
nRNA was found to be the initial transcript of the Jg gene in 
MOPC 21 cells. This 40S molecule was shown to be the pre- 
cursor of a 24S molecule, and in turn the 24S RNA was found to 
be the precursor of the 13S nRNA. This 24S nRNA species is 
presumably equivalent to the 27S nRNA molecule discussed 
here and thus, this 27S molecule would be the precursor of the 
13S nRNA and cytoplasmic MRNA. 

It is impossible to say whether V and C regions are on the 
same molecule or whether the 27S fraction contains one mole- 
cule with the C region and another molecule with the V region. 
One piece of indirect evidence suggests that the V and C regions 
are on the same molecule. This evidence comes from experi- 
ments with myeloma/spleen cell hybrids?” in which, for exam- 
ple, there is no mixing of the Cy sequences and the Vy 
sequences, from the two parental cells, in the hybrid line. Final 
resolution of this point however, must await further charac- 
terisation of the 27S nRNA. 

Integration of the V and C genes has commonly been 
supposed to occur at the level of DNA. We now know that this is 
only partially true and are able to present a two-step model for 
integration of V and C, genes (Fig. 6). The first step of the 
integration seems to be at the level of DNA. The inherited 
germ-line DNA carries separate V and C, genes which, by a 
process of DNA rearrangement, seem to be brought closer 
together in the DNA of the antibody-producing cell”. An 
interruption remains in the DNA at or near the V and C, 
junction even after this rearrangement’. These events are the 
classical ‘integration’ events as defined by genetics. This relo- 
cation of the 7g genes would be the mechanism by which a cell 
becomes committed to produce a particular V gene and may 
also be responsible for activating the Zg gene itself. The second 
step of the integration process occurs after transcription of the 
gene and involves elimination of the interruption sequences of V 
and C genes in the nuclear RNA. The initial transcript(s) of the 
active Ig gene includes the V region, the interruption sequence 
and the C region. The discontinuous V and C, regions of the 
precursor nRNA(s) are presumably joined by a looping out of 
the intervening sequence followed by ligation of V and C, 
regions. This process gives rise to the 13S nRNA and in turn to 
active cytoplasmic mRNA where the V and C, regions are 
continuous. 

In this discussion, we have specifically referred to the splicing 
of the interruption at or near the V-C junction by nRNA 
processing. This processing scheme will also probably be 
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Fig. 5 Comparison of the 
sequences near the V-C 
junction of 13S mRNA and 
27S nRNA. **P-cDNA was 
prepared with reverse tran- 
scriptase using MOPC 21 
x mRNA as template and T3- 
G,-T as primer?” ’, with 
0.05 uM dCTP and 10 yM 
dGTP, dTTP plus 4 uM ”P- 
dATP. After incubation for 
30 min at 37°C the reaction 
mix was boiled for 5 min with 
0.5 M NaOH neutralised with 
1M NaH,PO,, and the 
cDNA purified by chroma- 
tography on Sephadex G- 
100. The cDNA was 
annealed with either 
«mRNA or 27S nRNA in 
100mM NaC! at 60°C for 
lh. The cDNA was re- 
extended in the RNA:cDNA 
hybrid with reverse tran- 
scriptase in fresh reactions 
containing 100uM dATP, 
dCTP, dTTP and dGTP plus 
104M dideoxy-TTP”’ for 
30min at 37°C and frac- 
tionated on 8% poly- 
acrylamide gel in 8 M urea’. 
Slot 1, **P-bX174 digested 
with Haelll; slot 2, `P- 
cDNA starting material {not 
re-extended); slot 3, 2p- 
cDNA re-extended on 13S 
messenger RNA; slot 4, °P- 
cDNA re-extended on 27S 
nuclear RNA. The arrows 
represent the position of a T 
residue in the codon 
equivalent to amino acid 
residue 110, 
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responsible for removing other interruptions which may occur in 
Ig genes. It has recently been shown, for example, that a 
germ-line Ma gene possesses a short interruption in its linear 
sequence’, and it is possible that V, genes possess insertions, as 
we were unable to detect a complete V-region size fragment in 
S, nuclease protection experiments with either MOPC 21 DNA? 
or the 27S nRNA described here. It is also likely that nuclear 
RNA processing will be a general process for removal of the 
interruptions which have been found in other eukaryotic genes 
and in viral systems. Indeed, it has recently been shown that a 
globin nuclear RNA precursor possesses an interruption 
sequence which is absent from the mRNA”. 
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Fig. 6 Two-step model for integration of variable and constant 
region genes. Step 1, the inherited germ-line DNA carries separate 
V and C genes. These genes are brought closer together in the 
antibody-producing cell, but an interruption at or near the V-C 
junction remains in this DNA. This rearrangement or translocation 
of DNA is the classical ‘integration’ event and it is the event which 
allows the individual antibody-producing cell to become com- 
mitted to a V gene. Step 2, transcription of the activated gene 
occurs to produce a nuclear RNA precursor which encompasses 
the V and C regions plus the interruption sequence(s). Functional 
integration of the V and C regions occurs during the processing of 
the precursor molecule, presumably by a looping out of the inter- 
ruption sequence(s) followed by ligation of V and C regions. The 
sequence arrangement of the mRNA is thus achieved and from this 
the Ig polypeptide is made. It is predicted that any further 
insertions (such as may exist in the V region) will also be eliminated 
by nuclear RNA splicing. 


Hypothetical scheme for Ig heavy-chain 
gene expression 


The joining of V and C genes in the nuclear RNA may well 
explain some of the problematical features of Ig heavy(H)-chain 
gene expression. During the immune response there is a shift 
from IgM to IgG production, which seems to be the result of a 
switch of H-chain class within single clones****. It has been 
shown that a single myeloma patient produces an identical Vy, 
sequence in IgM and IgG*’**, and other studies have shown that 
single cells apparently produce identical Vy regions in asso- 
ciation with C, and C, (refs 39, 40). Thus, a cell becomes 
committed to a heavy-chain V gene and this same V gene can, at 
various times, associate with C,, C, and Cs. It is also possible 
that a further association with Ca can occur, as an identical Vy, 
sequence has been found in a myeloma patient producing IgG 
and IgA‘. There does not seem to be a recommitment of the 
antibody specificity of a given cell, and previous models have 
envisaged either successional insertion of a Vy gene to the 
different Cy genes?” or simultaneous insertion of copies of the 
Va gene with the Cyu genes**. A further model may now be 
proposed in which the processing of heterogeneous nuclear 
RNA is the site of association of the ‘committed’ Vy gene with 
the various Cy, genes (Fig. 7). Thus, a single Vy gene is selected 
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from the Vy-gene pool and DNA rearrangement occurs to bring 
the Viz gene to the proximity of the Cy-gene array. Primary 
transcription of the active H-chain gene unit may now occur to 





produce a giant nuclear RNA precursor containing the Vy ~ 





region and the various Cy-gene classes. The cell can now 
produce from one nuclear RNA precursor species the same Vy 
region associated with any of the Cy, classes by processes of 
looping out intervening sequences, | gation of the Vy and Cy 
regions, followed by degradation o° the unwanted RNA. A 
single cell, therefore, using such ar nRNA precursor, could 
produce simultaneously or sequentially one, two or three 
mRNA species containing the same Vu sequence with the 
different Cy sequences. As shown ia Fig. 7, this is a minimal 
model involving only the C,, Cs and C, genes: there are some 
data suggesting the involvement of C, but little evidence for 
involvement of C,. The minimal mocel can, however, easily be 
adapted to include these Cy genes if aecessary by simply hypo- 
thesising their inclusion in the giant nRNA molecule. A general 


Fig.7 Hypothetical scheme for expression of a single heavy-chain 
Va gene with multiple Cy genes. (1) The V,,-gene pool is depicted 
as a set of genes linked to the Cy,-gene array. The order of the Cy 
genes is hypothetical and for simplificaton no subclasses of the Cy 
genes are shown. A single V gene (V se) is selected for expression 
and DNA rearrangement occurs to brng the Ve and Cy, genes 
closer together. A V-C interruption sequence may or may not 
exist between VÄ and Cu (depicted as $} This process of 
rearrangement will commit the cell tc a Vy gene and may also 
activate the H-chain transcription unm. (2) Transcription of the 
H-chain unit produces a giant nRNA precursor encompassing the 
Vii-gene V-C interruption sequence {if this occurs) and the Cu 
genes. (3) Intranuclear processing o of this giant mRNA molecule can 
give rise to any combination of Vii and Cy in mRNA. Thus, Ga) 
Vis C, mRNA can be generated by looping out of the V-C 
interruption sequence, ligation of VÄ and Ca followed by 
degradation of the remaining RNA; GE) Vi Cs mRNA by looping 
out sequence ‘S’ plus the C, sequence ‘allowed by ligation of V 
with Cs; (3c) VAC, mRNA can be made from the same nRNA 
precursor by analogous processing events. A single cell can there- 
fore simultaneously make one, two or three mRNA species with 
the same Vy gene and different Cu genes. ‘Spacer’ sequences must 
occur between the Cy genes to allow specificity of processing: 
these putative sequences would, of course, be eliminated by the 
nRNA processing. The model shown is a minimal model, as it 
exludes C, and C,. It is possible that C, (and C,) could also be 
involved in the pathway, in which case they can readily be accom- 
modated by adapting the hypothetica. giant n RNA precursor to 
include one or both of these Cy genes. 
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feature of the model is that it makes very clear predictions which 
can be tested experimentally. 

In the way described, a single event (that is, the event respon- 
sible for Vu-gene commitment) is required for both activation of 
the heavy-chain gene transcriptions and multiple expression of 
the same Vy gene with any of the Cy genes at the level of 
mRNA. How is the required specificity of RNA joining likely to 
be achieved with a ‘multicistronic’ n RNA precursor of this type? 
Presumably, this joining is mediated through an enzyme or 
enzymes which can be either specific for the different genes or 
nonspecific, relyirmg on RNA folding properties to achieve 
specificity. If specific enzymes are used it means that a large 
array of different species must exist, whereas nonspecific 
enzymes require only intrinsic properties of the gene sequence 
itself for correct joining. There are as yet no clues about the 
processes of RNA joining but doubtless, in vitro systems will be 
useful in exploring this aspect of RNA joining. 

I thank A. Forster for technical assistance, J. R. Miller for 
Xenopus 58 DNA, Dr J. W. Beard for reverse transcriptase, and 
Dr C. Milstein for discussions. 
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X-ray emission from 
the companion to V861Sco 


THE Copernicus satellite has observed V861Sco (Hr6283, 
Spectrum; B0.5 Ia, V =6.2, B- V=+0.28, U- V = —0.72) 
as part of a programme devoted to the study of mass transfer in 
binary star systems. The programme described here uses the 
Princeton UV telescope’ to make detailed measurements of 
absorption lines in the UV spectra of such stars. X-ray 
measurements are made simultaneously with a co-aligned pro- 
portional counter’. 

Significant signals from the X-ray detector were obtained 
during the first observation from 24 to 26 April 1978. The flux 
recorded, averaged over 1.2-h intervals, is shown in Fig. 1. At 
the end of the observation on 26 April a significant fall in 
intensity was observed. The hypothesis that this fall in intensity 
was caused by an eclipse of the X-ray source, was tested by a 
second observation which began on 27 May 1978. Results of this 
second observation are shown in Fig. 2. The flux was observed to 
decline at a time consistent with the known 7.8-d period’ of 
V8615Sco. The low flux state lasts at least 1.3 d and the decline to 
this level occurred over a 0.7-d period. 

There is no evidence of regular modulation (as is common 
with neutron star sources) greater than 15% peak to mean flux in 
the range 3—40 min. 

The X-ray spectrum, observed when the signal was at maxi- 
mum intensity, is shown in Fig. 3. Appreciable photoelectric 
absorption is present. The column density is equivalent to 
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(4+ 1)x 10” H atoms assuming normal cosmic abundances and 
a thermal spectrum with a temperature equivalent to 11+4 keV. 
The interstellar column of both atomic and molecular hydrogen 
to this region is (2.3+ 1.0) 107’ atoms*. There is, therefore, 
considerable photoelectric absorption intrinsic to the source. 

The Princeton guidance system maintains the pointing 
accuracy of both instruments to better than 0.1 arc s throughout 
the observing period. However, the beam width of the X-ray 
detector is 2.5° by 3.5°, full width at half maximum (FWHM), so 
the field has been examined for catalogued sources. No known 
sources were within the field with the exception of 401702 — 42 
which was 2.8° from the centre for the V861Sco observations. 
4U1702 — 42 is catalogued* at 30 Uhuru flux units and would 
only contribute 3% or less than 1 OAO count in 62.9 s (the Crab 
nebula gives 375 OAO counts in this integration period). The 
signals observed by the Copernicus instrument thus indicate the 
presence of a new source which has been designated OAO 
1653 — 40 (ref. 5). 

The variable star V861Sco was shown by Walker to be a 
spectroscopic binary with a 7.8-d period and a mass function of 
0.487 solar masses (Ms). A collapsed object was suggested as a 
possibility for the unseen companion’. Although Walker 
assumed the primary to have a mass 10 times that of the Sun 
(10 Ms), more reasonable estimates would be 20-30 Mo 
implying a mass of 7-11 Me for the secondary, the actual value 
depending on the inclination of the system. This range is above 
the limit for a neutron star indicating that the compact secondary 
is a black hole. 
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Fig. 1 First observation of V861Sco. The significant drop in the 

X-ray signal can be seen at the end of the observation. Times of 

observation of other target stars (used for background deter- 
mination) are also indicated. 


The X-ray observations support the identification of OAO 
1653—40 with V861Sco. The two reductions in signal are 
separated by exactly four cycles of the binary star orbit and this is 
the strongest evidence for the suggested identification. A new 
orbital ephemeris is required to relate the phasing of the X-ray 
and optical data. UV observations obtained in three 
regions (AA 1110-1130, 1167-1185 and 1230-1247) during the 
X-ray eclipse indicate a stellar similar to that of « Ori. 
Broad, strong, violet-displaced (by about -700 to -800 km s™’) 
absorption components are seen in C UI à 1176, NV à 1238 and 
A1242. Weak NV emission may also be present. These obser- 
vations are, however, insufficient to relate the phases of the 
X-ray source and V861Sco. 

The observed X-ray luminosity (3.8-8.8 keV and assuming a 
Crab-like spectrum) is given by 4x10 R? ergs ' where R is 
the distance to the source in kpc. V861Sco is a member of the 
association Sco OB1 (ref. 8) and using the distance (1.95 kpc) to 
this cluster we obtain an X-ray luminosity of 1.5 x 10¥ erg s`. 
The emission outside this energy band and electron scattering 
near the source increase the estimate of luminosity, possibly by 
several orders of magnitude. 

When the X-ray source is in eclipse there is a significant 
residual signal at approximately 0.25 the non-eclipsed value. 


Fig. 2 Second observation of V861Sco in which the expected 
eclipse is observed after four cycles of the binary star had passed 
since the first observation. 
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Further observations are needed to clarify the nature of this; for 
example, it may be a contaminating point source or arise from a 
possible supernova remnant in this association’. 

The observed of OAO 1653-40 are so similar to 
those described for 4U1702 — 42 (ref. 4), that one might ques- 
tion whether the position of the latter is in error. Preliminary 
analysis of more recent data, obtained in July 1978, indicates 
that the intensity of the X-ray source has reduced considerably, 
implying that the source is transient within the sensitivity limits 
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Fig. 3 The observed X-ray spectrum when the signal is at maxi- 
mum intensity. A thermal spectrum has been fitted to the data but 
other spectral forms are not precluded. Significant photoelectric 
absorption is evident. Solid curve, thermal spectrum: 
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of the Copernicus detector. If the association of the X-ray source 
with V861 is correct then either the known variable mass flow‘ 
has caused further obscuration or has reduced accretion which 
has diminished the X-ray output. 

We thank N. E. White for providing the constraints to regular 
pulsations. 


Note added in proof: Clarification of the optical ephemeris and 
additional X-ray measurements suggest the observed decreases 
in flux are caused by the ‘eclipse’ of the X-ray source by a dense 
gas stream in the system. A true eclipse of the X-ray source by 
the primary star has recently been observed with Copernicus In 
further observations. 
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COS B observation of 
high-energy y radiation from 3C273 


THE discovery of a high-energy y-ray source at a(1950)= 
12h 29 mint6min, 6(1950)=+3°+1.5° is reported here. 
Arguments are given for the identification with 3C273. If this 
identification is correct, the y-ray luminosity of 3C273 in the 
energy range 50-500 MeV is 2x10 ergs for Hy= 
60kms ° Mpe’, 

The majority of the reported y-ray sources are galactic, as can 
be clearly established from their latitude distribution’. The lack 
of unambiguous identification (with the exception of CG185 —5 
with PSRO531+21 and of CG263-—2 with PSR0833-— 45) 
leaves a wide range of speculations as to the classification of the 
sources and to the nature of the emission mechanisms. The 
outstanding signature of these sources is the fact that their y-ray 
luminosity (>50 MeV) exceeds at least the radio and X-ray 
luminosities. Besides the continuing search for galactic y-ray 
sources, some observations of the ESA y-ray observatory COS 
B have been devoted to extragalactic targets’. The region of the 
sky centred on æ = 12 h 24 min, 6 = +7° with an effective field of 
view of about 20° radius was observed from 24 May to 24 June 
1976. This observation was particularly aimed at a sensitive 
search for high-energy y-ray emission from M87 and 3C273. 

The data have been analysed using a cross-correlation 
method: the frequency distribution of arrival directions of y rays 
was correlated with the distribution expected for a point source 
as determined by calibration and confirmed by flight data on the 
strong source PSR0833—45 (ref. 2). The resulting correlation 
map follows the distribution expected for random data, apart 
from one clear maximum, which has a probability of 107° of 
being caused by random fluctuations at any position in the map. 
This excess follows the distribution expected for a point source 
located within a 90% probability error box defined by 
@(1950)= 12h 29 min+t6 min, 6(1950)=+4+3°+4 1.5°. Spectral 
information was obtained by analysing the data in two energy 
ranges. In each case a significant excess within the same error 
box was found. The derived characteristics of this source 
(designated CG291 +65) are summarised in Table 1. The errors 
quoted include the estimated systematic errors. 


Table 1 Characteristics of CG291+65 


Position a@(1950)=12h 29 min+6 min, 6(1950)= +3°+1.5° 


Intensity 50-150 MeV (1.2£0.4)x10°° photons cm” s“ 
150-500 MeV (0.340.1)x107° photons cm” T 
Energyflux 50-500 MeV sgio °° ergem s! 


Of the two specific targets of this observation, M87 is about 8° 
outside the error box, and is therefore clearly not the source of 
the detected y rays. On the other hand, 3C273 lies well within 
the error box. Despite the large size of this error box, the 
following compelling arguments for an identification with 
3C273, the second nearest of the powerful QSOs (z = 0.158), 
can be made. The probability of finding a known high-galactic- 
latitude X-ray source by chance within a 3° 3° error box is 
about 2%. However, the X-ray source 4U1226+02 
(= 2A1225 +022) lies within the error box of CG291 +65. This 
X-ray source has been positively identified with 3C273 (refs 3, 
4). Also, it is stressed that the probability of finding a chance 
coincidence of the error box with a specific object, that is 3C273, 
is <1%. 

If this identification is correct the observed intensities at y-ray 
energies can be compared with those at other wavelengths, as 
shown by the spectrum in Fig. 1. This shows that a major portion 
of the energy radiated by 3C273 is in the form of y rays. Its y-ray 
luminosity in the range 50-500 MeV is ~2x 10° erg s™’ for 
Ho = 60 kms") Mpc”’. 
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Fig. 1 Spectrum of 3C273 from radio to y-ray energies. The 

intensity scale is given in units of power per decade. The radio (R), 

optical (O) and X-ray (X) data are those given in a compilation by 
Apparao et al., The IR data are from Rieke and Low’, 


This has important consequences for the understanding of 
QSOs and warrants extensive efforts to further strengthen the 
identification. Repeated observations of 3C273 may yield signs 
of time variability, similar to these clearly established at other 
wavelengths, with amplitudes which tend to increase with 
increasing energy’. A second observation by COS B is planned 
for June/July 1978. Somewhat less directly, the identification 
could be strengthened by an extensive search for y-ray emission 
of other QSOs. In this context, note that the newly discovered 
and nearest QSO, associated with 280241 + 622, lies within the 
error box of CG135+1 (ref. 5), 

The intriguing fact that all y-ray sources detected by COS B, 
including pulsars, unidentified galactic sources and possibly 
extragalactic sources, have a peak luminosity at y-ray energies, 
may indicate some similarity in the emission process, or may 
reflect a selection caused by the limited dynamic range of 
detected y-ray fluxes. 

We thank Theo Hydra for assistance. 
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Infrared observations 
of the most luminous quasar 


The QSO Q 0420 — 388 is one of many discovered by Osmer and 
Smith in their objective prism survey of the southern sky, and 
one of ~10 now known with z > 3. Its brightness and large 
redshift indicate a luminosity at rest wavelength 1,475 A 
somewhat larger than any other measured. The source is parti- 
cularly noteworthy be¢ause-of the steepness of its observed 
visual spectrum over the range 3,600-6,800 A, where F, ~ 
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y-™!. this suggests that appreciably more power might be 
radiated in the infrared (IR). The near IR photometric obser- 
vations reported here of Q 0420-388 (z =3.12) show that it is 
13.5+0.2 mag at 2.2 um. This observation and the optical 
observations of Osmer and Smith’ indicate a bolometric 
luminosity > 5 x 10'*Lo, for Hp = 50 kms’ Mpc and qo™ 0.1 
confirming Q 0420-388 as the most luminous quasar for 
cosmologies with small qo- 

Table 1 gives accurate positions for the quasar and a nearby 
star, as measured from the ESO B survey plates. These positions 
are derived from those of the five nearest SAO stars (194936, 
194939, 194974, 194977, 194979) including the effects of the 
proper motions of these stars. 

Using the 1.5 m telescope at CTIO and the InSb photometer 
of the Center for Astrophysics, we observed Q 0420 — 388 at 
2.2 pm (1.3610 Hz) on 27 July 1977 and 30 July 1977, 
obtaining consistent results whose weighted mean is K= 
13-5+0.2 mag, corresponding to a 2.2 um flux of 2.5+0.5 mJy. 
We used a 35” diameter beam, and a beam separation of 96” in 
declination. The star in Table 1 is the only one visible on the 
Whiteoak extension of the Red Palomar Sky Survey that might 
interfere with our measurement of the quasar. This star is 34” 
SE, well outside our beam, and a separate measurement of its 
brightness gave K = 12.9+0.7 mag; the star is too faint and too 
far separated for scattered light from it to affect our measure- 
ment of the QSO. 

The flux distribution AF, = xF, is given in Fig. 1. Osmer and 
Smith! give a flux of 0.6 mJy at 6,077 Å (rest wavelength 
1,475 A). Combined with our result, this gives F, ~ v` '*°? for 
the range 0.6-2.2 um. This spectral index is consistent with the 
range of values quoted by Osmer and Smith for the 0.36— 
0.68 um region, and it may be that the spectral index of the 
quasar is —1.1+0.2 over the entire 0.36—2.2 um range. The high 
galactic latitude of the source, |b7|~ 45°, suggests that the 
galactic extinction is low. Thus, a change in the apparent spectral 
index of the source would reflect its intrinsic behaviour. 
Q 0420 — 388 is not listed in the Parkes catalogue’, so its flux at 
2,700 MHz cannot be more than 220 mJy. This result and our 
2.2 um measurement indicate that the spectral index between 
the radio and near IR is > — 0.4. From their observations of high 
redshift QSOs in the Molonglo survey, Baldwin et al.’ infer that 
there is a preponderance of such flat spectrum sources among 
high z objects. : 

We have estimated the bolometric flux using »F,~»’ for 
À <6,077 A, vF, ~v ° ' for 0.61 pm <A <2.2 pm, and »F, ~» 


Table 1 Precise positions 


Object a(1950) a(1950) 
hm S S o , s s 
Q 0420 — 388 04 20 30.07 +0.05 —38 51 5040.6 
Star SE of QSO 04 20 31 95+0.05 —38 52 16.9+0.6 


for A<2.2 um. This gives Fpa = (1.05 +02)x 107 W m™, or 
L=5%x10" L if Hp=50 kms’ Mpc™ and qo =0.1. For qo= 0 
or go™ 1 the values for L would be 7X10" Lo and 1x10"* Lo 
respectively. More extensive IR observations would test the 
suitability of the spectral indices used above, and provide a 
better estimate of the luminosity. Our estimate will be too large 
if the broad bandpass 2.2 um (AA = 0.4 um) observation is 
strongly affected by H8 and Onl, which are redshifted to just 
inside the bandpass. On the other hand, our luminosity estimate 
will be too small if the spectral distribution of Q 0420 —388 
continues its rise into the IR. If the spectrum rises as »~' * out to 
10 um, it will be 4mJy (12.2 mag) at 3.5 pm and 13 mJy 
(8.7 mag) at 10 pm, and the luminosity will be 8x10 Lo. If 
Q 0420-388 rises into the IR as rapidly as 3C232, it will be 
~ 20 mJy at 10 um and the minimum total luminosity will be 
13x10!" Lo. Detections at these low flux levels should be 


loglyLy Lo ]=log (4x df YF, Lo) 





logi p (1+2) 


Fig. 1 Luminosity of Q 0420 — 388 and comparison quasi-stellar 
objects. The luminosity is expressed in solar units; the frequency is 
the rest frequency. The data points and connecting lines are drawn 
for Ho™ 50kms? Mpc™? and qo™ 0.1. The edges of the shaded 
zones indicate the maximum luminosity, when qo 0, and the 
luminosity when qo™ 0 5. For Q.0420~388 the Aree ™ 1,475 Å 
point is from Osmer and Smith’; the datum at À re = 0.53 pm is 
from this paper. The dashed lines show the spectral behaviour 
assumed in calculating the luminosity. For the comperison quasars, 
A are UBV observations from the compilation of Smith-Haenni’, 
and W are from Rieke and Low”. The À," 1.41 um point for 
QSO 3C334 is a 2.2 um observation given by Oke et al.®. 


possible with long integrations on large, low-background 
Southern Hemisphere telescopes. 

The obvious sources for comparison with Q 0420-388 do 
have spectra that rise into the IR. The most luminous galaxy, 
Markarian 231, has a bolometric luminosity of ~4x10"Le, 
and the most famous quasar, 3C273, has a bolometric 
luminosity of <3 10'*Lo (ref. 4). The most luminous quasar 
observed by Rieke and Low’, 3C232, can be (generously) 
estimated to have a bolometric luminosity of ~210**Ze, 
assuming that at IR wavelengths longer than 10 um it is similar 
to 3C273. 

The luminosity of Q 0420-388 seems to be temporally 
sustained. From spectrophotometric and near IR studies of 28 
QSOs, Oke et al.° argued that a steep rise into the IR (a < —1.5) 
might be a necessary but not sufficient condition for rapid 
variability of a QSO, and that if such variation occurred, the 
entire UV—near IR spectrum rose or fell. The visible—IR spectral 
index of Q 0420-388, a=-—1.1+0.2, is shallower than 
the a<-—1.5 cut-on value. Moreover, the persistence of 
Q 0420 — 388 on the Whiteoak extension, on the ESO B plate 
series, and on the discovery plates of Osmer and Smith suggests 
its relative constancy. A most important finding is that the 
quasar is evident on seven plates in the Harvard collection 
(ranging back to 1936) and there is no conclusive evidence for its 
having varied by more than ~ 1/2 mag. Thus, the luminosity 
may be constant, at least for time scales of several years. 
Additional IR and optical observations to establish the temporal 
behaviour of Q 0420 — 388 are clearly important for defining the 
energy requirements of the source. 
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Low energy neutrino elastic 
scattering and supernova explosions 


COLGATE AND WHITE!’ have proposed that neutrinos could 
transport energy outwards during the gravitational collapse of a 
star, thus initiating a supernova explosion. Detailed cal- 
culations by Wilson* seemed to rule out this possibility, but 
Freedman’ pointed out in the context of unified gauge theories 
of weak and electromagnetic interactions that there could be 
both a large neutrino—neutron elastic scattering cross section 
and a very large coherent neutrino—heavy nucleus cross section. 
Wilson? has recently recalculated the collapse of an iron core 
formed at the end of a stellar evolution from massive stars and 
shown that the calculations do simulate an explosion, and that a 
stronger explosion results from smaller coherent scattering off 
heavy nuclei. This surprising result arises because a smaller 
cross section allows more neutrinos to escape, lowering the 
pressure and thereby letting the neutron core reach a higher 
density before the outward shock wave is formed. We have 
calculated neutrino—nucleon and neutrino—heavy nucleus neu- 
tral current cross sections in weak SU(2)x U(1) and compared 
with those of the standard unified theory. Important differences 
are found which could make simulated supernova explosions 
easier to obtain. Possible experiments to test the two theories 
are outlined here. 

The theory of neutral weak currents which agrees with all 
high energy neutrino experiments is the renormalisable and 
unified spontaneously broken gauge theory based on the group 
SU(2)x U1) (ref. 5). This provided the basis for the recent 
calculations by Wilson* and others®’. We have suggested pre- 
viously an alternative theory? based on the same group which 
we call weak SU(2)x U(1) (as it does not involve the photon) 
and which is very hard to distinguish from the Weinberg 
model” in high energy neutrino scattering. Nevertheless, there 
are marked differences which should have a significant effect on 
the supernova calculations. In particular, in weak SU(2)x U(1) 
there is essentially no coherent scattering of neutrinos off heavy 
nuclei whereas the neutrino—neutron cross section is changed 
relatively little. 

We shall now briefly derive these results, using the notation 
in ref. 8. In unified SU(2)x U(1), the neutral weak hadronic 
current is 


J, = Ai+(1-2sin® 8w) Vi —2 sin’ OwVe (1) 
This gives the matrix elements for neutrino-nucleon scattering 
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at small momentum transfer 
(Ju in) an — tha (Yn + BA YuYs)un (2a) 
(pl. Ip) = dy[(i—4 sin” Ow)y, tEAYuYslüp (2b) 


where gå = ~1.25 is the isovector axial renormalisation factor. 
Experimentally sin? w=} and so equation (2b) predicts 
that the proton neutral current is nearly pure axial. For 
sin’ @y =4 the nonrelativistic cross sections in the Weinberg 


model are then 
a(vn>vn)= G’p’(1+3(gay)/4e (3a) 
ao(vp>vp)=3G"p* (gay /4r (3b) 


where p is the neutrino momentum. (In refs 6 and 7 it was 
assumed that gå = ~1, thus reducing the cross section (3a) by 
about 30%.) 

For neutrino scattering off a nucleus with Z protons and N 
neutrons equation (1) gives 


((Z, N) lJ. (Z, N);) 
= (1-4 sin? 6y)Z — N +noncoherent terms (4) 


This shows that the neutrino—nucleus cross section in the 
Weinberg model should have a large coherent part which is 
proportional to N? for sin’ 6, =}. Note that this coherent 
contribution in this model happens to be just the quantity Qw 
that should have been measured as a parity violation in atomic 
bismuth’. It was the failure to observe this effect which led to 
alternative versions of the weak current. 

In weak SU(2)x U(1) the vector and axial current are inter- 
changed. Thus instead of equation (1) 


J, = V} +(1—-2 sin? @y)A} —2 sin? 0yAS (5) 


There is now no vector isoscalar component (in Freedman’s® 
notation a) = 0) and so instead of equation (4) 


(Z, NJ (Z, N} = Z —N +non-coherent terms (6) 
Instead of equations (2a ) and (2b) we have 

(n'|J,. In) = anl ya + Bayuys(1~2(1—A)sin? wu, (7a) 

(p'a IP) = dplyn + gayuys(1~2(1+A)sin® Owu, (7b) 


where A = ga/ga and gå is the isoscalar axial renormalisation 
factor. If axial charge is a good quantum number gÀ = g4; on 
the other hand the quark model”® gives gå =2g4. 

In terms of the ratios R, and R, of vn and vp cross sections 
in weak SU(2)x U(1) compared with those of unified SU(2)x 
U(1) above in the nonrelativistic limit, we have for sin” Oy = 4, 
and A = 1 


R, = 0.21 (8a) 


and for sin? fy =4,A =2 


R,=0.7  R,=0.25 (8b) 


(We take the quantity x = m, cos Ow/m,, of ref. 8 to be approx- 
imately given by x = 1.) Therefore from equations (6)-(8), in 
weak SU(2)x U(1), neutrino—neutron cross sections are rela- 
tively unaffected while neutrino—proton cross sections are 
reduced by a factor of 4 or 5 on account of a pure axial current 
being replaced by a nearly pure vector current. There is very 
little coherent scattering and then only for heavy nuclei with 
Z #N. Spin } nuclei with Z = N +1 scatter neutrinos like pro- 
tons or neutrons respectively. 

These predictions should change the character of the super- 
nova calculations. The most important effects of neutrinos 
in the calculations based on the Weinberg model come 
from neutrino—electron, neutrino—neutron and neutrino—heavy 
nucleus collisions’’. Energy is transferred most effectively in 
ve” scattering and this is unchanged (neglecting the electron 
mass) in weak SU(2) x U(1) (ref.8). The neutrino opacity in the 
neutron core is also relatively unchanged—the neutrino may 
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have a slightly longer mean free path in the neutron core—but 
what is drastically changed is the ability of the neutrino to 
scatter from heavy nuclei. There is now a much smaller opacity 
gradient between the neutron core and the A>1 shell and 
therefore neutrinos will be able to escape through the A> 1 
shell much faster: this could make explosions easier to obtain 
as higher densities in the core will be possible. 

Finally, we should point out that it would be of great 
importance to decide experimentally between the two types of 
theory. Freedman’ suggested that an experiment on coherent 
neutrino-heavy nucleus scattering was possible by detecting 
the recoil nucleus, using neutrinos in the 100-200 MeV range 
from a ‘meson factory’. Certainly a large coherent cross section 
would clearly discriminate in favour of the Weinberg theory or 
one with similar structure. 

An alternative possibility is suggested by equation (8). It 

should be possible to measure vp vp in the non-relativistic 
region at a reactor such as ILL, with a good high intensity point 
source of neutrinos. Recoil protons could be detected in either 
gas or liquid targets. If the experiment is performed it should 
be relatively easy to determine from the size of the cross 
section whether the amplitude is predominantly Gamow- 
Teller, as it is in the Weinberg theory for sin’ @y =4, or Fermi 
and, therefore, 4-5 times smaller (3(gå Y = 4.7) as it is in weak 
SU(2)x U(1). 
Note added in proof. Weak SU(2)x U(1) predicts an asymmetry 
in polarised electron—deuteron scattering which is smaller than 
that observed in the recent SLAC experiment’’. On the other 
hand, the standard model is not in agreement with the Oxford 
and Washington experiments in bismuth vapour’. This confused 
situation makes it even more essential to measure the elastic 
neutrino—proton and neutrino—heavy nucleus cross sections at 
low energies, so that a clean determination of the weak hadronic 
neutral current can be made in this energy range. 
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Photofixation of carbon dioxide 
to formic acid in vitro 
using water as hydrogen source 


THE function of photosynthesis in vivo, including subsequent 
dark reactions, is defined as the reduction of carbon dioxide 
coupled with oxidation of water to produce organic compounds. 
We now report the first example of a mimicking of the function 
of photosynthesis based on electron transport sensitisation’. 
Although the product is not carbohydrate, we consider that 
the present reaction system consists of (1) electron transfer 
from the singlet excited state of an aromatic hydrocarbon 
such as pyrene(Py) or perylene(Pe) to an electron acceptor 
such as 1,4-dicyanobenzene(DCB) or 9,10-dicyanoanth- 
racene(DCNA) in polar media; (2) successive electron transfer 
from the acceptor anion radical to carbon dioxide; (3) further 
reactions of carbon dioxide anion radical as demonstrated in 
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Table 1 Photochemical formation of formic acid sensitised by 
Pe~-DCNA system 

mt 


miine ite leeches cma 


Yield (%) 


Pe DCNA HCOOR 
(mg per 100 ml) vs Pe vs DCNA 
I 6.6 15.9 3.2 270 100 
Il 6.2 17.0 ~Q ~~ ~{) 
HI %3 15.0 5.9 399 195 
IV 1.6 4.3 L3 450* 1S0* 


A solution containing Pe and DCNA was irradiated (wavelength 
>313 nm, runs I, II, IV, panchromatic irradiation, run HI} by a 300 wW 
high pressure Hg-arc lamp under CO, gas bubbling for 8 h{runs 1, H, HD 
or 20h (run IV). Formic acid in the reaction mixture was converted to 
the butyl ester and determined by gas-chromatography (polyethylene 
glycol 20M 53°C). Runs 1, IH, IV, CH3CN:H,0= 95:5; run H, 
absolute CH;CN. 

* The turnover numbers for Pe and DCNA were calculated as 6.5 and 
12.8, respectively, from the decomposed amounts of the sensitisers 
during photoirradiation determined spectroscopically. 


electrolytic reduction of carbon dioxide to formic acid and oxalic 
: 35,6 
acid’. 
The reaction process will then be expressed schematically as 
follows: 


hv 


CO3 >=- — HCOOH and/or (COOH), 


Y 4 A 
x Di X CO, 


Photochemistry of carbon dioxide in condensed phase has been 
little studied, and the first example was the reductive coupling of 
aromatic hydrocarbon anion radicals with carbon dioxide to give 
dihydroaromatic carboxylic acids”. If the anion radical is steric- 
ally hindered so that the C-C bord formation with carbon 
dioxide is unfavourable, we expect electron transfer from the 
anion radical to carbon dioxide to occur. Although we cannot 
confirm the energetic feasibility of the electron transfer process, 
the available redox properties of relevant species suggest that it 
is a good possibility (FE, ,2(CO,) = —2.15 V (ref. 5), £,,2(DCB) = 
~2.00 (ref. 8) ~ — 2.48 V (ref. 9). There are no available directly 
comparable data for DCNA; however, the more negative value 
of E(A/A’) for DCNA (—0.82V (ref. 10)) than that for DCB 
(—0.65V (ref. 11)) would indicate the stronger reducing power 
of DCNA*, Furthermore, the reductive fixation of CO, in vivo is 
coupled with the oxidation of NADPH which is apparently a 
weaker reducing agent than DCB? (E(NADP/NADPH)= 
—0.32 V (ref. 12)). Thus, we carried out photoinduced electron 
transfer reactions in the atmosphere of carbon dioxide. The 
results are presented in Table 1 and 2. 

The important results are summarised as follows. (1) An 
aqueous polar solvent is the essential requirement for the reac- 
tion. When dry acetonitrile was used, formic acid was scarcely 
produced (Table 1, run H, Table 2, run HI). Furthermore, the 
yield of formic acid increased with the concentration of water 
(Table 2, runs, I, IT). (2) As a matter of course, carbon dioxide is 
indispensable as the carbon source of formic acid (Table 2, run 
VI). (3) Qualitative confirmation of formic acid formation in 
other solvents such as aqueous methanol and aqueous DMF by 
means of spot tests’* indicated that these organic solvents did 
not play an essential part in reducing carbon dioxide. The role of 
organic solvents is assumed to dissclve D and A. (4) The D-A 
pair was indeed recycled, as evidenced by a yield of formic acid 
higher than 100% based on the initial concentration of D and A 
(Table 1, runs, I, IH, IV}. To recycle the electron transport 
system, another reducing species {X in the reaction scheme 
above) is required. We cannot yet draw any conclusion on the 
nature of X by which D is reproduced from D>, but probable 
candidates are OH , HCO; and/or HCOOH, lodometry of the 
reaction mixture (Py-DCB~TPA in CH3;CN:H,O-=5:1, pan- 
chromatic irradiation for Sh umder a CO, pressure of 
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Table 2 Photochemical formation of formic acid sensitised by 
Py-DCB-TPA system 





[DCB] [TPA] [HCOOH] 
[Py] (x107? mol 17!) (x1074 mol!) 
I 1.9 5.4 5.2 5.2 
Il 1.7 6.0 4.5 17 
HI 1.8 5.4 5.7 ~0 
IV 1.9 ad 6.0 9.6 
V 1.8 5.8 ane 8.6 
VI 1.9 5.6 5.4 0 


A pressure tight pyrex vessel containing a solution of sensitisers was 
pressurised (4kgcm™*) with CO, (runs I-V) (or N2) (run VI) and 
irradiated by a 300 W high pressure Hg-arc lamp for 8 h. Formic acid in 
the reaction mixture was esterified to the benzyl ester and determined 
gas-chromatographically. Runs I, VI, CH,CN:H,O = 95:5; runs II, IV, 
V, CH3CN:H,0 = 5:1; run III, absolute CH3CN. 


5kgcm™*) confirmed the formation of peroxide, suggesting 
that D? was reduced to D at least in part by the reaction, 


OH —1/2H;0,. (5) The turnover numbers of sensitiser 
(2X[HCOOH]/A[sensitiser]) were determined to be 6.5 for 
DCNA and 12.8 for Pe (Table 1, run IV). 

We have not yet determined the quantum yield of formic acid 
production, as the kinetics of the total reaction is complicated by 
several possible secondary reactions. A very coarse estimation 
of apparent efficiency could, however, be made by dividing the 
product by the energy input. The result shows that ~3 x 107 mol 
of photon is required to reduce 1 mol of CQ). This efficiency is 
extremely poor compared with the natural realisation of light 
conversion by photosynthesis. The possible reasons are: (1) 
antena pigments are absent so that the cross-section of pho- 
toabsorption is small. (2) As the oxidised and the reduced 
products exist together in a homogeneous solution, back-reac- 
tions such as Dt+A*—D+A, CO,*+Dt--CO,+D and 
others will come into effect. (3) The product is not stable and 
reactions such as HCOOH—-CO+H,0 or CO,+H:, 
HCOOH + Dt ~ H* + 1/2H,+ CO, would reduce the apparent 
yield’*, Separation of oxidising and reducing compartments by 
electron transport membrane would be a promising strategy to 
refine the present mimicked photosynthesis. 

In conclusion, the results in Tables 1 and 2 indicate that the 
main overall reaction is the photoreduction of carbon dioxide 
with water as follows: 


CO,+2H,0 HCOOH +H,0, 
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Io-U dating of the Ouljian stage 
from Torre Garcia (southern Spain) 


IN this note we discuss the reliability of the lo-U dating method 
and report on the age of fossils from the Ouljian stage, outcrop- 
ping along the Mediterranean coast in southern Spain. That this 
method can produce good results is evident from the fact that the 
measured ages for these fossils, all from the same stratigraphic 
horizon, show a standard deviation of only 6,100 yr, which is 
well within our precision limits. The mean age of the samples is 
98,000 yr. 

The dating of mollusc shells by the lo-U method has been 
controversial; some of the ages obtained in this way have been 
incompatible with other age data, and some samples from the 
same epoque have shown a considerable scatter in their ages. It 
seemed that the ‘closed system’ condition, a requirement for 
successful application of this method, is frequently violated. 
However, certain indications, such as the absence of > Th, and 
*4U/5U ratios compatible with the calculated Io-U ages 
suggest that little or no contamination occurred. Szabo and 
Rosholt’ have proposed a model to correct for the suspected 
open character of the system, this model has been criticised by 
Kaufman etal.’ and it seems to be of only limited interest for this 
study. 

Although the value of the lo—-U dating method is in doubt, it is 
the only technique available for dating events occurring between 
30,000 and 250,000 yr ago. In order to test the reliability of the 
Io-U method we have analysed six mollusc shells which are 
contemporaneous—that is, they come from the same strati- 
graphic horizon, the Ouljian stage. The best way to check the 
reliability of the method is to see if the measured ages show a 
significant dispersion and if the calculated absolute ages are 
reasonable. The rocks of the Ouljian stage outcrop in Spain and 
North Africa; it is important to establish an absolute age for this 
stage to study the secular changes in the level of the sea during 
the Quaternary. Because the outcrops of the Ouljian at both 
sides of the sea of Alboran occur at different elevations, dating 
of this stratigraphic level provides information about recent 
tectonic movements in this region. 

We report here on six shells from the Ouljian, outcropping in 
the region of Torre Garcia along the beach of the Gulf of 
Almeria. The Pleistocene geology of this region has been dis- 
cussed by Overejo et al.*. Sandstones of the Ouljian, containing 
many Strombus bubonius and Pectunculus outcrop at a few 
points at 5 m above sea level; most of this formation is covered 
by recent dune sand. A unique level characterised by Strombus 
has been recognised**. This level has been correlated with the 
Ouljian stage in Morocco‘ which was dated between 80,000 and 
120,000 yr (refs 4, 7). One age of 80,000 yr has been published’ 
for a Pectunculus shell coming from the Strombus episode about 
50 km NE from our sampling location at Torre Garcia. The six 
samples we analysed from the same horizon were cleaned 
mechanically; we removed about 1 mm of the superficial part. 
We worked mainly on the most massive parts of the shells of the 
Strombus, but for two shells, we have also analysed the thin 
section. All the samples were in good condition except samples I 
and IH which had been attacked by marine organisms in some 
parts. 

a spectrometry was used to measure uranium and thorium 
isotope abundances. Using the method of Goldberg et al.*, these 
elements in the dissolved samples were chemically separated by 
coprecipitation, followed by purification with organic solvents 
and electrodepositions. *°*U and 7**Th (a B emitter), were used 
as tracers. Results are shown in Table 1. 

The ?**Th concentration was <0.001 p.p.m. in all samples; 
the **’Th activity for the total sample (1-4 g) is barely resoluble 
above the background noise. It is also clear that, after the 
observed ***Th signal has been corrected for background noise 
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Table 1 Analysis of six mollusc shells from the Ouljian stage 
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Ig? °° Th) 
Sample ey U (p.p.m.) 341) (d.p.m. g`) (d.p.m. g `) Age (yr) “eo Aragonie 
I* 1.08 +0.04 0.607 0.491 0.286 93,000 = 90 
It 1.12 +0.06 0.789 0.659 0.420 108,000 >90 
H 1.075 +0.04 0.514 0.412 0.253 102,000 Argonite > calcite 
HI 1.09 +004 0.846 0.689 0.414 98,000 Argonite < calcite 
IV 1.09 +0.04 0.843 0.686 0.403 95,000 109 
v* 1.12 +0.03 0.662 0.553 0.306 88,000 >90 
Vt 1.13 +0.04 1.03 0.875 0.534 161,000 >9O 
VI 1.08 +0.05 0.469 0.378 0.229 99 000 100 


From the age dues shown the mean is 98,000 yr + 6,100 yr. 
* From massive. part of the shell. 
+ From thin part of the shell. 


and the **°Th introduced via the tracer 7U, there is no ***Th in 
our samples. Of course, this is to be expected, because ***Th is a 
radiogenic daughter of 7*’Th. However, °**Ra (period 6.74 yr), 
occurs in this decay chain, and in certain situations this element 
is very mobile and thus the absence of *’°Th suggests that no 
recent contamination has taken place at least by radium. 
Uranium concentrations range from 0.6 to 1.2 p.p.m. In shells I 
and V we have analysed the thin parts where the U concen- 
tration is significantly greater than in the remainder of the shell. 
The ratios 7“U/8U are always less than 1.15 which cor- 
responds to the value in present-day seawater. The measured 
2341 J /?38L) ratios are compatible with the calculated ages for the 
samples to within our precision limits. The ratios in the thin parts 
of the shells I and V are somewhat larger than for the massive 
samples. The greater part of each sample is aragonitic, with 
calcite content less than 10% ; two samples (H, IV) contain more 
than 10%. 

The uranium concentration in the shells of living molluscs is 
very low, often less than 0.1 p.p.m. but in the fossil shells it can 
be several p.p.m. The concentrations we have measured are not 
very high but uranium enrichment has obviously taken place. 
This occurs very rapidly after the animal has died’: Kaufman et 
al.” have confirmed this conclusion by a statistical analysis of the 
uranium concentration in mollusc shells of known ages. The 
uranium enrichment in the shells of molluscs which have just 
died seems to be related to oxidation-reduction reactions 
occurring during the decomposition of organic material of the 
mollusc body. Blanchard et al.'° have also shown that the 
superficial parts of the shell are selectively enriched—conform- 
ing to our observations. 

This post-mortem enrichment in uranium may cause errors of 
a few thousand years in dating and is thus of no great importance 
for our purpose. The samples may be affected by other 
contamination events at later stages, however. But in the present 
case we have no clear indication of this. For instance, contact 
with freshwater could cause changes in the ““*U/*"*U ratio and 
in the 7°°Th abundance. Our samples (V, I) show that the 
uranium enrichment of the thin parts of the shells is associated 
with an increase of the Io activity. No Th activity was detec- 
ted, however, so the increased Io activity is probably due to in 
situ production. The calculated ages of the thin parts of the shells 
tend to be somewhat greater than the age of the massive parts; 
because Io is not very mobile these age differences could be 
caused by an uranium loss occurring mainly in the superficial 
part. The *“U/?*"U ratios of all the samples are (within error 
limits) compatible with the Io-U ages and hence continental 
water uranium contamination with its much larger *“U/77°U 
ratio is not likely. It is also obvious that the calcite content of the 
shells does not show any correlation with the ages. Calcitic 
samples, which often contain less uranium (this is not the case 
here) give ages very similar to those for aragonitic samples’. 

Ignoring the 108,000 yr age for the thin part of shell I, which 
could be the result of a small loss of uranium from the outer part, 


we note that the ages obtained from the remaining seven 
samples range from 88,000 to 102 000 yr. The mean age of 
these seven samples is 97,000 yr wich a standard deviation of 
4,900 yr. Our experimental precision is about 7% , so our results 
are well within precision limits. Incaiding the 108,000 yr age, 
the mean age would only increase tc 98,000 yr with a standard 
deviation of 6,100 yr. These results. are in general agreement 
with previously obtained ages for the Quljian’ but show far less 
scatter. 

These results indicate implicitly that 98,000 yr ago the sea 
level was about 5 m higher, relative tc the present location of the 
Ouljian outcrop from which our samples came. This is in 
contrast to sea level investigations which have indicated that the 
worldwide palaeo-sea level was 10 ʻo 20m below the present 
level at about 100,000 yr ago. The accuracy © of our work rules 
out the possibility that the true age cf our samples i is 125,000+ 
10,000 yr, an age at which sea level was higher than today. 
interpret our results to mean that the coast of the Gulf 
Almeria has experienced a net upwards vertical movement n 
5m with respect to sea level and a tet total uplift of 15-25 m 
relative to a fixed reference frame, since 98,000 yr ago, that is, 
15-25 cm per thousand years. 

We are grateful to M. Gigout. J. F. Cadet and J. Fourniquet 
for indicating the outcrop and to Y. Bottinga for review and 
translation of the manuscript. 
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Dissipation of tidal 
energy by Antarctic ice shelves 


FLEXING of ice shelves may dissipate enough tidal energy to 
have a significant effect on the Moon’s retreat from the Earth. It 
is generally agreed that tidal friction slows the rotation of the 
Earth and decelerates the Moon in its orbit’. The total energy 
dissipated can be calculated from observations of the Moon’s 
motion and agrees closely with estimates of the gravitational 
work done by the Sun and Moon on the ocean tidal bulge’. 
Therefore dissipation of tidal energy is considered to occur 
mainly in the ocean with small upper limits being set on energy 
losses in the Earth’s mantle and core. Because the amount of 
tidal dissipation in shallow seas’ and internal tides* is uncertain 
it is of interest to search for additional dissipative mechanisms. 
In this note the possibility of tidal bending of ice shelves is 
examined. 

An ice shelf is an ice sheet floating on the sea. In Antarctica ice 
shelves cover an area of >1.5x10°km’. Thicknesses range 
from 100 m at the seaward ice front to > 1,800 m at the ground- 
ing line where the ice is attached to land’. Ice shelves rise and fall 
freely with the tide except in a bending zone near the grounding 
line where the ice shelf deforms. A discussion of different types 
of grounding line and their expected dynamic behaviour has 
been given by Hughes’. An estimate of the rate at which energy 
is dissipated in the bending zone can be made by assuming that 
ice is deforming plastically. A transient creep process with 
parabolic strain hardening is thought to be appropriate for stress 
rates occurring in tidal flexure®’. Using equations derived by 
Holdsworth’ for the surface bending stress ø, average strain rate 
£, and exponential damping factor A (= Ap/2 in Holdsworth’s 
notation), the following expression can be derived for the rate at 
which energy is dissipated; 


B= 2hLoeé 





= 1.24 107A? MEET watts 


where 2h is the ice thickness at the grounding line, L the total 
length of hinge line and £ the tidal amplitude. This simply 
assumes that energy is dissipated at the rate of ge per unit 
volume and that the total volume of ice affected is 2hL/A. 
Taking values for the Antarctic of 24 as 500 m, L as 16 x 10° km 
(ref. 8) and a semi-diurnal tidal amplitude £ as 1 m gives E as 
2.0x 10° W. 

There are many uncertainties associated with this figure. A 
value for the maximum surface bending stress has been used as 
though it applied throughout the whole flexing region; however, 
on the assumption that the bending strain decays linearly 
towards the neutral axis the stress will decay parabolically’ 
reducing the energy dissipated by a third. The various types of 
grounding line are expected to have different stress patterns, but 
as the calculation here is for the case of least average tidal flexure 
strain® the total dissipation is probably an underestimate. Cre- 
vassing on the top and bottom may reduce the dissipation 
considerably. The length of the grounding line L includes both 
ice shelves and outlet glaciers and was derived? from maps 
published up to 1965. Perhaps the greatest change to the 
mapped coastline of Antarctica since then has occurred on the 
Ronne Ice Shelf*. However, although the position of the coast 
has been altered, there has been little change in the actual length 
of coast. The greatest error probably lies in not considering ice 
rise boundaries, and thus the figure used should be regarded as a 
lower bound. There is more uncertainty in the value used for the 
mean thickness of ice at the hinge zone. Although the major ice 
shelves have at least some depth soundings, data for grounding 
line regions are sparse. Using published ice thickness contour 
maps for the Ross Ice Shelf’ and the Ronne Ice Shelf? (excluding 
the Filchner Ice Shelf), their mean thickness at the grounding 
line can be calculated as 610 m and 990 m respectively. These 
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two ice shelves contain a quarter of the total length of grounding 
line. Another approach is to take the mean thickness of all 
Antarctic ice shelves, 390 m (ref. 8), so that by assuming a value 
for the mean thickness at the ice front where the ice is thinnest 
the mean grounding line thickness can be estimated. Taking a 
value at the ice front of 200 m gives the mean thickness at the 
grounding line to be 580 m. So again, the actual figure of 500 m 
used in the calculation probably errs on the side of caution. The 
dissipation rate of 2.0 x 10°? W is unlikely to be underestimated 
because of errors in A and L, A reasonable error, considering the 
competing nature of all the uncertainties, might be of the order 
of 50%. 

One way of checking whether this amount of dissipation by 
bending is feasible would be to estimate the total tidal energy 
flux under ice shelves. In general, the energy flux per unit area 
perpendicular to the direction of propagation is given by 
$} pgué cos 0 where é and u are the amplitudes of tidal height and 
current respectively. For a progressive wave @=0 and the 
maximum current flow inwards occurs at high tide; for a standing 
wave @ = 7/2 and there is no net energy flux. Again, because of 
the almost complete lack of relevant data for Antarctica it is 
impossible to perform a meaningful calculation. However, if the 
energy flux under a section of the Filchner Ice Shelf, where a 
value of tidal current of 0.1 ms” is assumed’? for a site where 
the depth of the water column under the ice front is 600 m (ref. 
11) is taken as typical for the rest of Antarctica, then for 6 = 0 
the required energy flux would be provided by only 6.6 x 10° km 
of ice front. It is therefore reasonable to say that there is 
probably enough incoming energy to allow the dissipation rate 
calculated for tidal bending. 

To account for the astronomically observed lunar acceleration 
a dissipation rate of 5.7+0.5 x 10'* W is required’. This is close 
to the estimate of 5.0+0.3 x 10° W for the work done on the 
ocean surface by the luni-solar torque’. The problem is to 
determine how the dissipation occurs in the ocean and to 
partition the energy loss among the mechanisms. An estimate of 
the frictional losses in shallow seas and continental shelves’ is 
1.5+0.8x10'* W. However, many of the areas where dis- 
sipation occurs are situated in high latitudes where the main tidal 
torque is reduced by a factor cos? yw where y is the latitude’?. 
The same problem applies to ice shelf dissipation. It is uncertain 
how dissipation in high latitudes and in localised regions can 
affect the rest of the ocean tide. A more even dissipation of tidal 
energy would be by internal (baroclinic) tides, but an estimate of 
the energy loss is of the order of 10% of the total tidal dis- 
sipation*. After allowing for errors the total dissipation from 
these three mechanisms can therefore barely account for the 
required amount. 

If tidal energy is being lost under ice shelves then one might 
expect to find that the age of the semi-diurnal tide is high. The 
age of the tide is the time interval between the time of new or full 
Moon and the time of the spring tide. Other areas of the ocean 
where the age of the tide is greater than 60 h are associated with 
strong tidal dissipation’*. There are few reliable tidal records 
from Antarctica but the majority show ages greater than 60 h. 
The most detailed analysis has been carried out by Cartwright’* 
on records gathered along the west coast of the Antarctic 
Peninsula for observation periods of up to 9 yr. The results 
clearly show increasing age of tide with latitude, culminating in 
ages of 165 h for tidal records obtained on George VI Ice Shelf. 
Gravimetric readings on the Ross Ice Shelf also show a very high 
age of the semi-diurnal tide but with small amplitudes'*. Con- 
versely, the lowest age found in Antarctica (17h) has been 
measured on the edge of the Filchner Ice Shelf’®. This may be an 
indication of the complexity of the interaction between ice 
shelves and tides especially near critical latitudes where tidal and 
inertial frequencies are equal’. In principle the energy flux 
under an ice shelf could be calculated from simultaneous 
measurements of tidal amplitude and current. It would then be 
possible to decide the importance of tidal dissipation both by 
bending and by frictional losses along the bottom of the ice shelf 
and the bottom of the sea. 
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If ice shelves form a major sink for tidal energy then there are 
implications on a geological time scale. It might be expected that 
the times of maximum slowing of the Earth’s rotation would 
coincide with times of maximum extent of ice shelves. Within the 
constraints imposed by the lack of data, this seems to be the case; 
extensive glaciation occurs in the periods preceding ‘turning. 
points’ when the Earth increases its spin velocity’’. 
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Melting of Antarctic icebergs 


PROPOSALS for supplying water to arid regions through the 
towing and utilisation of Antarctic icebergs’ have generated 
considerable interest. Simulation studies on the towing of 
unprotected icebergs to southern continents’ suggest that the 
towing distance, ocean currents and the iceberg deterioration 
rate are of major importance. The distance and current 
components may be optimised by a careful choice of iceberg 
position, although much further study of currents in southern 
latitudes is required. The rate of deterioration is probably more 
difficult to calculate as a number of melting and calving 
mechanisms may be operating. In this note some initial studies 
of iceberg melting are reported and some of the problems 
involved in further investigations are considered. 

Above-sea surface melting is probably due to solar radiation 
and wind-enhanced convection. Under-sea melting may occur 
through turbulent natural convection. This should be increased 
by iceberg surface discontinuities, iceberg wallowing or by 
release of entrapped air bubbles on melting. Calving could result 
from side undercutting by wave action’, differential melting 
along cracks and low density areas, stress on underwater 
shelves formed through layered melting’ or thermal stress- 
induced disintegration following calving in warm water’. 

If under-sea melting is an important ablation mechanism, 
then one or more of the following three effects might be detect- 
able. (1) The lighter freshwater could rise up the sides of the 
iceberg with little mixing to produce a pool of less saline water. If 
this happens then it would be possible for meltwater to be 
collected in warm waters by building a shallow pen around the 
iceberg. (2) The lighter freshwater may entrain warmer, saltier 
water from the surrounding sea and thus be responsible for 
considerable vertical transport of deep water and nutrients’”. (3) 
Melting could occur in a stratified manner and the freshwater 
may then disseminate in layers. This type of melting has been 
detected in model studies’. 

Thus evidence of gross salinity variation near an iceberg 
would support mechanism (1), and a temperature rise would 
support mechanism (2). To test for these two mechanisms, 
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salinities were measured around three icebergs in the northern 
Ross Sea/Southern Ocean. (Mechanism (3), suggested only 
recently’, was not tested. The salinity changes involved would 
probably not be detectable with the small portable salinometer 
used.) 

All measurements were made from the 18-m yacht Solo using 
a Yellowsprings Instruments portable salinity/temperature 
meter (sensitivity, S = + 0.05%), equipped with 200 m of cable. 
Salinities were recorded in the open sea in the following condi- 
tions. (1) Motoring as close as safety permitted (20 m from 
underwater ram) on the lee side o° an iceberg; as the yacht 
drifted slowly downwind, measurements were taken continu- 
ously. (2) Circling an iceberg (speed ~2 knots) at known 
distances (closest weather side meesurements were at 60 m). 
The meter was standardised at ambient temperature before use 
with a standard seawater solution’’. Salinity data were gathered 
at distances of 20 m to 800 m (range “inder values) and at depths 
of 5, 10, 25, 60, 100 and 200 m. A correction for drag on the 
weighted probe was not applied but depths are probably 
overestimated by no more than 20%. 

The results are shown in Table 1. No variation of salinity with 
distance from icebergs was found. A temperature inversion at a 
depth of 50-60 m around iceberg mo. 3 was recorded but this 
extended for at least 2km. Again, no salinity variation with 
distance was detectable along this d-scontinuity. 

It is perhaps not surprising that there was no evidence of a 
salinity gradient with distance around icebergs, even in water to 
+5.6°C. It seems likely that naturally positioned icebergs are 
not melting rapidly or that if melting is substantial then either 
mixing or rapid layered spreading may occur. If only little 
melting is occurring this might be because of the formation of a 
narrow insulatory envelope of cold water. Disturbance of such 
an interface by iceberg towing would then increase the melting 
rate dramatically. Unambiguous results will probably only be 
achieved by using a more accurate meter very close to an iceberg 
(possibly a dangerous undertaking). 

No salinity step structure like thet observed in the Weddell 
Sea’? was observed, but a more accurate meter might detect 
such salinity steps in this region of ocean. However, a gross 
thermal inversion at 60m was observed near iceberg 3. This 
thermal inversion is large for waters sGuth of the Antarctic 
Convergence. Similar salinity profiles without step structure 
have been maintained in tanks with doping boundaries'*. Rapid 
changes in surface sea temperature at the Antarctic Con- 
vergence were measured further north at 59°S, 163°E. The lack 
of a shallow warm surface layer in “he regions studied may be 
due to consistently overcast, cold, feggy weather. 





Table 1 Summary of observations 











Iceberg | Iceberg 2 iceberg 3 

Date 16/1/78 17/1778 29/1/78 
Size* O5kmxO0.2km O4kmxO3km 1.2km«O08km 

x 30m x36m x34 m 
Latitude °St 66.8 66.8 65.3 
Longitude “E+ 173.4 1733 164.7 
Sea temp. (C) ~ 1.44 ~ | 4} +2.45 
Sea temp. (C) +5 6) 
Air temp. CC} — 1.7 ~ 1.8 + 1g 
Swell height (m) 1.5 L5 3 
Swell direction 270° 270° 320° 
Swell period (s} 7 7 6 
Wind speed (m s') 2.5 4.5 75 
Wind direction 270° 270° 320° 
Cloud 7/8 5/8 R/S 
Salinity © 34.5% 34,54 34.88 

35.1 


* Above sea. 

t Celestial navigation. 

t All depths and distances. 

§ 5-25 m depths, all distances. 

| 60-200 m depth, all distances. 

{ Measurements made to §= +0.05% 


€ Macmillan Journals Lid 1978 


306 


Calving is probably the most important ablation mechanism in 
both northern’ and southern waters. On Solo’s voyage from 
Sydney to Cape Adare and back, 244 icebergs were logged, most 
of which had freshly cleaved surfaces and exhibited little round- 
ing. However, many rounded ‘bergy bits’ and ‘growlers’ were 
encountered downwind from most large icebergs. 

It seems probable that data on the deterioration of icebergs 
relevant to towing proposals will only be gathered by prolonged 
study and by towing a test iceberg across the Antarctic Con- 
vergence. 

I thank Dr David Lewis and the Oceanic Research Foun- 
dation for the opportunity to undertake this study and Mr Jack 
Pittar and Mr Lars Larsen for technical assistance. The Austral- 
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Absolute age of the base of the 
hominid-bearing beds in Eastern Java 


THIS note presents preliminary data on the absolute age of the 
base of the hominid-bearing beds in Eastern Java. We 
approached the problem in two steps. First by comparing the 
stratigraphic sequence of Eastern Java with that of Olduvai 
Gorge using published data on radiometric dates, magnetic 
polarity stratigraphy, and the hominid fossil record (Fig. 1). And 
second, by analysing the planktonic diatom assemblages from 
the marine intercalations in the lowermost hominid-bearing 
beds and from the underlying marine sediments from Eastern 
Java (Fig. 2). The stratigraphy of Olduvai Gorge (Fig. 1) is 
compiled from various sources’, The base of the Gorge is 
represented by metamorphic rocks°, overlain by ignimbrites 
whose uppermost part has been K-Ar dated at 2 Myr (refs 5, 6). 
The sediment sequence from Bed I to the top of the Gorge is 
represented by volcanogenic, lacustrine and fluvial deposits. 
The earliest hominid fossils and stone tools occur in the upper 
part of Bed I, at about 1.8 Myr (refs 1, 4, 5). 

The Javanese fossils of early man were found only in the Solo 
Zone between Surakarta, on the border between Central and 
Eastern Java, and Modjokerto in Eastern Java’. The type 
section with hominid beds is Sangiran dome, located to the north 
of Surakarta. Data for the construction of the lithological 
sequence of the Sangiran dome were taken from Van Bem- 
melen”. Marine marls and limestones are conformably overlain 
by 200 m of Putjangan Beds. The basal part of the Putjangan 
Beds is composed of volcanic breccias containing marine and 
freshwater molluscs. The rest of the Putjangan Beds is 
composed of black clays of lacustrine origin, with volcanogenic 
material. An intercalation of marine clay, about 0.5 m thick 
occurs in the lower part of the black clay bed and probably 
originated in a eustatic sea level change. The Putjangan Beds are 
conformably overlain by 45 m of fluviatile Kabuh Beds which, in 
turn, are separated from the overlying Notopuro Breccias by a 
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sharp disconformity. Tektites have been found on the erosional 
surface separating the Kabuh Beds and Notopuro Breccias*’, 
and have been dated by K-Ar and fission track methods at 
0.7 Myr (refs 10, 11). A microtektite layer identified in a number 
of deep-sea cores from the Indian and Pacific Oceans occurs at 
the Brunhes~Matuyama boundary (Fig. 1)'*. The tektites and 
deep-sea microtektites are identical’*, and differ from volcanic 
glass shards'* and Indonesian lavas'*. Tektites were also found 
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Fig. 1 Stratigraphy of hominid beds of Olduvai Gorge and East- 
ern Java, and correlation of hominid fossils compiled from various 
sources. 


redeposited in younger sediments of Java and thus their 
stratigraphic value has been contested. However, this is not 
applicable for Sangiran since it is unlikely that tektites up to 
10 cm long were redeposited upwards and concentrated on top 
of the Kabuh Beds in the dome-like structure. They are, there- 
fore, a good stratigraphic marker for the Brunhes-Matuyama 
boundary of Sangiran. 

Pliocene/Pleistocene mammalian faunas of Eastern Java are 
divided in three groups’®: Djetis, associated with the Putjangan 
Beds, Trinil from the Kabuh Beds, and Ngandong from Late 
Pleistocene sediments. Hominid fossils found in Eastern Java 
are associated with all three mammalian faunas. The most 
abundant hominid fossils were recovered from the Kabuh Beds. 
This may be attributed, in part, to the composition of these 
fluviatile beds, which are more easily eroded than the clays of 
the Putjangan Beds. At Modjokerto only one skull wired 
modjokertensis ) has been recovered from the Putjangan Beds” 
and its original position in the beds has not been contested’? In 
Sangiran dome, however, fossils from the Kabuh Beds were 
often carried downslope to the level of the Putjangan Beds due 
to erosion’®. Only a few hominid fossils of Sangiran (Fig. 1), 
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Fig.2 Proposed correlation between deep-sea piston core V28- 

179 and the marine/non-marine transition in Eastern Java. The 

asterisk indicates the probable margin of error in dating this 

transition. Closed circles represent the number of samples 
examined in each formation. 


however, have been attributed to the Putjangan Beds with 
reasonable certainty’? 

Weidenreich”’ studied the Javanese hominid fossils and 
suggested the following evolutionary trend, based on their 
morphological characteristics: Meganthropus palaeojavanicus 
-> H. modjokertensis (which he named robustus)-> H. erectus. 
Some hominid fossils from Late Pleistocene sediments, asso- 
ciated with the Ngandong mammalian fauna, correspond to an 
advanced H. eructus, or the Neanderthal**’. Tobias and Von 
Koenigswald** compared hominid fossils attributed to the Put- 
jangan Beds with fossils from Olduvai Gorge. They concluded 
that H. modjokertensis (IV and B) is similar to H. habilis 
(Hominid 13) from the lower part of the Olduvai Bed II, while 
M. palaeojavanicus is similar, but a somewhat more primitive 
form than H. habilis (Hominid 4) from Olduvai Bed I (Fig. 1). 
This correlation is in agreement with Weidenreich’s”’ evolu- 
tionary trend of the Javanese hominids. H. dubius*°?’ may 
represent, according to Von Koenigswald’', the earliest form of 
hominids recovered from Java. A K-Ar age of 1.9+ 0.4 Myr has 
been obtained for the Putjangan Beds near Modjokerto, a few 
metres below the level where the skull of H. modjokertensis was 
recovered’>’°, Thus, the available data compiled in Fig. 1 
suggest that the boundary between the Kabuh and Putjangan 
Beds may be tentatively placed about the middle of Bed H of 
Olduvai Gorge, and that the base of the Putjangan Beds in 
Eastern Java is older than the 1.8 Myr fossiliferous level of the 
Olduvai Gorge Bed I. 

Marine diatoms are present in the marine sediments of the 
Upper Kalibeng Beds of Eastern Java (Fig. 2). In the basal part 
of the overlying Putjangan Beds, marine sediments (containing 
diatoms) are intercalated with lacustrine clays and other 
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continental beds. As Reinhold” pointed out, the diatoms in 
these various units largely reflect the gradual emergence of Java. 
Previous work by us*”’” has tied Late Pliocene and Pleistocene 
stratigraphic events (datum levels) in the Tropical Indo-Pacific 
to the palaeomagnetic reversal and oxygen isotope records?) 
The use of these two standards tied to diatom datum levels 
permits us to draw correlation lines for the Late Pliocene and 
Pleistocene of the Tropical Indo-Pacific with a high degree of 
reliability. Within this context, we studied the marine diatoms in 
Reinhold’s original samples from the Upper Kalibeng Beds and 
from the marine intercalations in the overlying Putjangan Beds 
(Fig. 2). These were compared with diatom ranges in a central 
Pacific core (V28-179) which has an expanded Late Phocene 
section and which has been analysed for palaeomagnetics and 
oxygen isotopes’. The lower part of the Upper Kalibeng Beds 
contains Rhizosolenia praebergonii, R. praebergonii var. robusta, 
Thalassiosira convexa and Th. convexa var. aspinosa suggesting 
a correlation with the basal part of the Matuyama Reversed 
Epoch. The upper parts of the Upper Kalibeng Beds, on the 
other hand, contain only two stratigraphic markers (R. praeber-~ 
gonii and R. praebergonii var. robusta ), thus placing it after the 
last appearance of Th. convexa and Th. convexa var. aspinosa. 
The absence of Pseudoeunotia dolielus and of the recurring 
species Coscinodiscus nodulifer var. cyclopus suggests that the 
contact between the Upper Kalibeng Beds and the Putjangan 
Beds (and, thus, the transition between marine and non-marine 
sediments) should be dated after the last occurrences of Th. 
convexa and Th. convexa var. aspinosa and C. nodulifer var. 
cyclopus and before the first appearance of P. doliolus and 
reappearance of C. nodulifer var. cyclopus. Within this context, 
our data suggest that the base of the Putjangan Beds in Eastern 
Java falls between approximately 1.9 and 2.1 Myr. 

As the earliest hominid fossils occur in lake sediments of the 
Putjangan Beds which overlay Pliocene marine sediments, early 
man must have migrated to Eastern Java soon after the local 
emergence. The age of 1.9-2.1 Myr given by diatom analysis for 
this emergence must be considered tentative, however, pending 
more detailed sampling for micropalacontologic and 
palaeomagnetic study. Further, since the uplift of Java pro- 
ceeded from west to east’ a micropalaeontological and 
palaeomagnetic study of the marine/non-marine transition in 
several sections could provide us with a more detailed history of 
the emergence of this island during the Late Cainozoic’’. 
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Minor metal content of surface 
seawater particulates 
and organic-rich shelf sediments 


CERTAIN sediments deposited under areas of high primary 
productivity contain considerably more organic carbon than 
those laid down in other marine environments; for example, 
diatomaceous clays on the continental shelf off South-West 
Africa (Namibia) have an average of 9% organic carbon’. 
Calvert and Price? have reported that these sediments also have 
enhanced concentrations of some trace metals, such as Cu, Zn 
and Pb. During the past few years we have been carrying out 
collections of surface (0-5 m) seawater particulates from various 
areas of the World oceans*~. Here, we present average data on 
the concentrations of Al, Cu, Zn, Pb and organic carbon in a 
series of particulates collected off the coast of West Africa, and 
compare them to organic-rich marine sediments. 

Calvert and Price compared the modern environment of 
organic-rich sedimentation on the continental shelf of Namibia 
to that prevalent during the deposition of some ancient bitu- 
minous shales. According to Brongersma-Saunders’* the 
enrichment of Cu, Pb and Zn in many of these deposits, such as 
the Permian Kupferschiefer of northern Germany, ts the result 
of their supply by plankton in regions of upwelling. However, 
Calvert and Price’ found that the concentrations of Cu, Zn and 
Pb in the sediments on the South-West African shelf were not 
enriched to the same extent as in the Kupfershiefer, and 
concluded that the same mechanism of trace element deposition 
had not been operative in the two areas. Nonetheless, Calvert 
and Price* found a high degree of correlation between the Cu, 
Pb and Zn and the organic carbon concentrations in their 
sediments, and suggested that the metals were intimately asso- 
ciated with the organic fractions of the deposits. They stressed, 
however, that before the mechanism of deposition could be 
identified, more data were required on the relative contributions 
made to the total metal concentrations by biogenous, ter- 
rigenous and authigenic sources. In this respect, the concen- 
trations of Cu, Zn and Pb in the suspended material of the 
overlying waters is of critical importance. Data have been 





Table i1 The partial element average compositions (p.p.m.) of South- 
West African shelf sediments and northeastern Atlantic surface water 
particulates 





12 Northeastern Diatomaceous 


Atlantic clay South-West 
particulates African shelf* 
Al 9,700 15,446 
Cu 112 68 
Zn 229 68 
Pb 50 12 
Organic C 219,000 93,500 


PONOSEN ENANAR aaan naaa 


*Data from Calvert’. 
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provided on the trace metal contents of plankton from various 
regions of the World oceans’, and although the metal concen- 
trations vary considerably from one region to another certain 
overall enrichment trends are apparent. However, there is a 
general lack of information on the composition of total parti- 
culate material, a mixture of lithogenous, hydrogenous and 
biogenous components, from regions of high primary pro- 
duction. 

We made particulate collections by a continuous centrifuge 
technique described elsewhere; Cu, Zn, Pb and Al were 
determined by either atomic absorption or spectrographic 
methods, and organic carbon was measured using a C-H-N 
analyser. The samples selected for the sediment comparison 
were all collected on transects within ~ 500 km of the coast of 
West Africa between 8 and 30°N, during April, July and 
October 1972 and February 1973. 

None of the particulates were collected off the coast of 
South-West Africa. However, the sample transects were chosen 
such that they are all within the general region of high primary 
production lying off the coast of West Africa (5-30° N)'°. The 
particulates should, therefore, offer a reasonable comparison 
with the organic-rich South-West African shelf sediments if 
theories of planktonic sedimentation are to have a general 
ocean-wide application to the genesis of organic-rich near-shore 
sediments and their lithified equivalents. In other words, the two 
data sets, that is, those of the particulates and the shelf sedi- 
ments, can be used to test the geographical independence of the 
general mechanisms which result in the correlation between 
organic matter and certain trace metals in sediments underlying 
areas of upwelling. 


Table 2 The maximum minor element/organic carbon ratios in South- 
West African shelf sediments and the average ratios in northeastern 
Atlantic surface water particulates 


mmer: 


Diatomaceous 
Northeastern clays, South- 
Element/organic Atlantic West African 
carbon (% x 10°) particulates shelf* 
Cu 0.51 0.56 
Zn 1.0 1.8 
Pb 0.23 0.29 





*Data from Calvert and Price’. 


The average concentrations of Cu, Zn, Pb, Al and organic 
carbon in the South-West Africa shelf sediments and the north- 
eastern Atlantic particulates are given in Table 1. This shows 
that the sediments are not composed simply of settled 
undifferentiated bulk samples of the surface water particulates. 
For example, the sediments have a much larger ‘terrestrial’ 
component, represented by Al, and a much smaller ‘planktonic’ 
component, represented by organic carbon, than do the parti- 
culates. This is not unexpected because of the various diagenetic 
processes which affect the deposited sediments. However, in 
addition to bulk samples, Calvert and Price? have given data on 
the maximum concentrations of Zn, Cu and Pb in the sediments, 
together with that of organic carbon. If these maximum values 
are assumed to offer the best available estimate of the extreme 
situation in which the plankton have retained their original 
composition, they can be directly compared to the surface water 
particulates. Such a comparison is made in Table 2, from which it 
can be seen that the metal/organic carbon ratios in the parti- 
culates are similar to those in the maximum metal-enriched 
sediments. 

The initial composition of plankton-rich surface water parti- 
culates is usually considerably modified, after deposition, by 
diagenetic processes. However, the data presented here strongly 
suggest that modern organic-rich sediments underlying regions 
of high primary production can receive a substantial proportion 
of their Cu, Zn and Pb from the sinking of relatively undifferen- 
tiated surface water particulates of which organic components, 
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including plankton and faecal pellets, are an important consti- 
tuent. 
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Diversity in constant 
and fluctuating environments 


IT has been suggested that environmental fluctuations will limit 
the degree to which species may be packed; the closeness of the 
packing increasing with increasing environmental stability’. 
This theory has been challenged by the suggestion that although 
there is a limit to the degree of niche overlap in the real world, 
the limit is only sensitive to severe environmental fluctuations’. 
The fluctuations are regarded as severe when their variance to 
mean ratio is greater than or equal to 0.3 (ref. 2). We report here 
our studies on populations of ciliate protozoa of a freshwater 
community maintained in temperature-controlled microcosms. 
Comparisons were made between the changes in diversity of the 
ciliates in a microcosm maintained in a fluctuating temperature 
and the changes taking place in a control maintained at a 
constant temperature. The results suggest that the diversity of 
the ciliates is significantly greater in the fluctuating-temperature 
system than in the constant-temperature system. 

Samples of water were taken from Sand Loch, Aberdeenshire 
(grid ref. NJ 034284), and brought back to the laboratory. The 
water was filtered to remove large pieces of debris before being 
put into the experimental system. (The mesh of the filter was 
square, with sides of 250 um.) Two sets of samples were collec- 
ted, the first in January 1978 (experiment 1) and the second in 
April 1978 (experiment 2). 

The water samples were maintained in batch culture in four 
20-1 flasks, which were kept in one of two water baths, the 
temperature of each being independently thermostatically 
controlled. The fluctuating environment was created in one bath 
by daily variations in the temperature (Figs 1 and 2) ranging over 
2-12 °C, with a complete cycle of variation occurring every 2 d. 
The control system was maintained at 7°C. In each system, 
samples were taken from one flask while the other acted as a 
reservoir to maintain a constant culture volume in the sampled 
vessel. A sample of 0.25 | was taken from each system daily and 
sedimented overnight according to the method described by 
Lund, Kipling and LeCren’. The ciliates present in each sample 
were identified (to genus level) and counted during the day after 
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Fig. 1 Changes in temperature and diversity with time during 
expt 1. The lower graph shows the change in diversity (logy a with 
time (d) for the fluctuating-temperatere system (©) and for the 
constant-temperature system (@). Tke upper graph shows the 
change in temperature (C) with time +d) for the two temperature 
regimes, fluctuating temperature (O) and constant temperature 
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sampling. The diversity of the ciliates present in the cultures was 
estimated using the log-series parameter, a (Figs 1 and 2). This 
index was used in preference to the Shannon—Wiener informa- 
tion index* because the former does not overemphasise the 
presence of the commonest taxa to the same extent as the 
latter’. Also, it has been shown ft the site-discriminating 
ability of a is superior to the information index’ and is, there- 
fore, more applicable in this type of investigation. 

Determination of the between-system to v fithin-system vari- 
ance (Table 1)showed that variation setween the diversity of the 
ciliates in the two temperature regime s was significantly greater 
than that within each of the two systems in both experiments 
(P<0.01 in experiment 1, P<0.@5 in experiment 2). The 
diversity of the two ciliate populatiors did not differ significantly 
initially, but it was found that over a period, the diversity of the 
ciliate populations in the fluctuatimg-temperature system was 
significantly greater than that of those maintained in a constant 
temperature (in both experiments P< 0.01). A Spearman rank 
correlation showed that in the first experiment there was no 
correlation between the diversity of the ciliate populations in 
either temperature system and time, but that in the second 
experiment, there was a significant positive correlation between 
diversity and time for both ciliate papulations (P < 0.01). These 
differences may be accounted for by the differing composition of 
the ciliate populations due to seasenal variation in the fresh- 
water community. 

The results obtained from both these experiments suggest 
that, in the conditions of these experiments at least, deter- 
ministic perturbation of an envircnmental factor leads to a 








Fig. 2 Changes in temperature anc diversity with time during 
expt 2. The lower graph shows the chaage in diversity logio a )with 
time (d) for the fluctuating-temperature system (©) and for the 
constant-temperature system (@). The upper graph shows the 
change in temperature (C) with time (d) for the two temperature 
regimes, fluctuating temperature (O+ and constant temperature 
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Table 1 Analysis of variance for experiment 1 giving the between- 
environment to within-environment variance ratio (F) for experiments 








i and 2 

Source of Sums of Variance 

variation dF. squares s’ F 
Between environments 1 0.77 0.77 
Within environments 20 0.93 0.05 
Total 21 1.70 
Expt I 154" 
Expt 2 4,87 
*P<0.01. 
+P<0.05. 


greater diversity of the ciliate population. The decreased index 
of diversity in the constant-temperature system is due to the 
increasing relative abundance of a small number of genera which 
dominate the ciliate populations. In the fluctuating-temperature 
system the relative abundances of the genera present are 
comparatively lower than those in the control system, and 
domination of the ciliate populations by a small number of 
genera does not occur to the same degree. It would seem that in 
the fluctuating-temperature system the environmental varia- 
tions may be reducing the number of individuals present such 
that competition plays only a minor part in population control, 
thus leading to more even abundances of the genera present. In 
contrast to this, the constant-temperature system has allowed 
the part played by competition in population control to increase, 
such that a few genera have competitively excluded the others 
and so have become dominant in the ciliate population. 

This reasoning is supported by Connell’s assertion’ that the 
high species diversity of tropical rain forests and coral reefs is 
caused by infrequent catastrophic environmental perturbations 
which keep the community in a nonequilibrium—nonclimactic 
state, thus reducing the chance of elimination of less-able 
competitors, as is suggested by these experiments which use 
deterministic and less extreme perturbations. 

This work was carried out during the tenure of a research 
studentship from the Natural Environment Research Council to 
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Attraction of the tick Ixodes neitzi 
to twigs marked 
by the klipspringer antelope 


THE klipspringer (Oreotragus oreotragus), a small African 
antelope which lives in specific rocky outcrops, secretes a dark 
pungent resin-like substance from the ante-orbital glands which 
is utilised as a means of intraspecies communication’. Marking is 
carried out by rubbing the ante-orbital glands on a substrate 
such as the twigs of shrubs on which the secretion is deposited. 
We have now observed that the adults of the tick Ixodes (Afrix- 
odes) neitzi? aggregate on twigs which have been previously 
marked by the klipspringer (Fig. 1). The attractive component of 
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the secretion is water soluble. The capability of the adult tick to 
detect the klipspringer scent was demonstrated in field obser- 
vations and with laboratory experiments. 

Adults of I. neitzi were collected from shrubs in the Rhodes 
Matopos National Park, Rhodesia. Securinega virosa was the 
dominant plant species in this area and grew from cracks in the 
rocks or closely to rocks. 

The effect of the resin-like secretions collected from the twigs 
was assessed using the petri dish technique? with minor 
modifications. Each 9-cm Petri dish was marked into eight 
sectors and because T. neitzi were very sensitive to desiccation, 
moistened discs of filter paper were placed in each sector. At the 
start of each experiment, 10 ticks (male or female) were placed 
in the centre of the petri dish. The tested materials were always 
placed in sector No. 8. A concentrated aquatic extraction of 
twigs marked by the klipspringers was the only substance which 
significantly attracted the ticks (Fig. 2). 

Further examination using a Y-shaped olfactometer** 
showed that none of the substances tested were attractive 
(P <0.5, t-test for paired observations). The failure of the ticks 
to detect extract in the olfactometer and the fact that I. neitzi 
adults did not aggregate around freshly applied deposits which 
had been moistened, suggest that the scent secretion of the 
klipspringer is not airborne and only becomes attractive to the 
ticks or any other anthropods after a copious amount of water 
had been applied to the extract. 

The solid secretion was extracted with different solvents and 
only the water soluble fraction was active in attracting the ticks 
(Fig. 3). 





Fig. i a, Illustration of a twig marked by scent secretion from the 
ante-orbital gland of klipspringers. b, Assembly of /xodes neitzi 
adults to a marked twig. 


Uncontaminated branched twigs from the same shrubs from 
the experimental area were selected. The base and left arm of 
the Y-shaped twigs were painted with a concentrated aqueous 
solution prepared from marked twigs collected in the field. The 
Y-shaped twigs were positioned in soil with the two arms 
pointing upwards. Adult ticks were released on the soil and 
allowed to migrate. As the ticks moved up the vertical structure 
they were able to select one of the arms of the twigs. 

These experiments were conducted in the field and repeated 
in the laboratory. In the field 66.2+2.9% (P< 0.001) of the 
adults released in the vicinity of the Y-shaped twigs ascended 
the arm on which the aqueous klipspringer scent extract was 
applied. In the laboratory similar results were obtained where 
63.7+ 1.00% (P < 0.001) of the adults selected the treated arm. 
With similar but untreated Y-shaped twigs 52.2+ 2.08% (P< 
0.3) of the adult ticks selected the left arm. 

In some Ixodes species an assembly pheromone has been 
shown to be secreted before feeding commences®’. To exclude 
any possibility of prior contamination of the marked twigs with a 
tick assembly pheromone, an aqueous extract was made from 
the ante-orbital glands of a klipspringer. When this material and 
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Fig. 2 Average assembly response (% +s.e.) of Ixodes neitzi 

females (D) and males () to various materials placed in sector 8. a, 

Concentrated aquatic extract (30% ) of scent marks of klipspringer. 

b, Dilute aquatic extract (10%) of scent marks of klipspringer. c, 

Scent marks of klipspringer which had been dipped in water before 
the experiment. d, Solution of unmarked twigs (control). 


an aqueous extract of marked twigs were compared no 
differences were found, showing that the attractive principle 
arose from the klipspringer orbital gland secretions and exclud- 
ing the possibility of pheromone contamination from the tick. 

The klipspringer exudate apparently solidifies rapidly after 
being deposited on the tips of the twigs (Fig. 1a). This substance 
is subjected to the heavy rains falling between November and 
March (800 mm). The active component dissolves in the water, 
drips or runs down through the branches and stems to the 


Fig. 3 Average assembly response (% +s.e.) of Ixodes neitzi 

females (_]) and males (X) to various materials placed in sector 8. a, 

Water soluble fraction of the scent marks of the klipspringer. b, 
Methanol soluble fraction of the scent marks of klipspringer. 
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ground level. We assume that the adult ticks, probably by using a 
gustatory sense, respond to the extract and follow it to the tip of 
the twigs. The adults remain inactive on the twigs until the return 
of the klipspringer to re-mark the area. Sniffing of the marked 
twigs by the klipspringer and consequent physical movement of 
the shrubs, stimulate the tick to gain access to the host. 

This constitutes the first report of a tick species locating its 
mammalian host by detecting a specific chemical compound or 
compounds, used by the host as a communicative marking 
signal, thus increasing its probability of survival in that particular 
habitat. 

We thank Professor G. B. Whitehead, Dr T. Choate and Dr 
G. F. T. Child for their assistance and Professor G. B. White- 
head for reviewing the manuscript. 
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Mixed ligand chelate therapy 
for plutonium and cadmium poisoning 


SERIOUS environmental and industrial hazards are associated 
with the release of radioactive” and nonradioactive” metals. 
Most treatments for acute and chronic metal poisoning use 
chelating agents forming soluble, stable and excretable metal 
complexes'~*. Although a few chelants are used clinically”, the 
efficacy of single-chelant therapy and variations is limited and 
deleterious effects can occur*”’?'°. Consequently, Schubert 
recommended’? the use of mixed-ligand chelates (MLCs), in 
which the metal binds two or more different chelants, because of 
the enhanced stabilities attainable. For example, formation 
constants of thorium MLCs can exceed that of EDTA alone by 
at least 10’? (refs 13-15). We report here hitherto unparalleled 
achievements using MLC treatment, namely, complete removal 
of tissue deposits of **°Pu and prevention of mortality in animals 
given lethal, >LDj oo, doses of cadmium. 

Female, HA(ICR) mice, 45 d old, weighing 25.1 + 0.6 g, were 
injected intravenously with plutoniam or cadmium solutions; 
chelants were usually administered intraperitoneally. 
Monomeric'®'® **°Pu(tv) in 1% sodium citrate and cadmium 
chloride with and without addition of *°°Cd were used. Radio- 
chemical assays’’ were made from wet ashed tissues and excreta, 
and the activity measured in a liquid scintillation counter. 
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Table 1 Effect of single and mixed ligand chelate treatment on the tissue levels and total excretion of 7°°Pu in female mice after Pu administration 





Untreated 
Sample controls SA(2.0) 

Urine 4.3 5.4 
Faeces 28.2 26.2 
Liver §.4+0.3 5.1+0.5 
Skeleton 33.7+1.3 33.542.1 

Total 71.6 70.2 
Body (calculated) 67.5 68.4 


% Of injected dose of **°Pu 


DTPA +SA 

DTPA (0.5) DTPA (2.5) (0.5 + 2.0) 
24.8 28.4 54.0 
41.4 44.6 46.6 

0.33+0.1 0.22+0.1 0+0.01 
13.8+0.5 13.6+0.4 O+0.1 
80.3 86.8 100.6 
33.8 27.0 0 





The chelate treatment shown is in mmol per kg, and was given twice weekly. Measurements were taken 33 d after Pu (0.0162 pCi per mouse) 
administration and 30 d after the onset of treatment. The liver and bone levels represent average values +s.d. from six mice, and the urine and faeces 
represent values per mouse from analyses on pooled samples from three mice. The total skeletal content was obtained by multiplying the amount of Pu 
in both femurs by 12 (refs 17, 18). The body values were calculated by subtracting the urine + faecal values from 100. See text and legends to Figs 1 and 


2 for experimental details. 


Polyaminopolycarboxylic acids (PAPCs) were administered as 
calcium-sodium salts to prevent hypocalcaemia, and 
components of MLCs were pre-mixed, that is, injected as a 
single solution. 

Three days after Pu administration, when almost all had been 
deposited in the tissues’ '*°, twice weekly injections of MLC 
{diethylenetriaminepentracetic acid (DTPA) and salicylic acid 
(SA)] and of the individual chelants were initiated. Daily urinary 
excretion (Fig. 1) demonstrated that DTPA+SA increased Pu 
excretion to levels far above those induced by DTPA alone; SA 
alone had no effect (Fig. 1). By day 33 post-Pu, all injected Pu 
had been eliminated in urine and faeces (Table 1). After 10 
treatments with massive doses of DTPA, skeletal Pu remained 
at 15% of the injected dose, whereas that of DTPA+SA- 
treated mice was, within counting statistics, free of Pu (Fig. 2 and 
Table 1). The livers of MLC-treated mice were devoid of Pu 
after four treatments. When treatment was delayed until 6 d 
post-Pu, 12 DTPA treatments reduced skeletal Pu to 24.3 + 
0.3%, in agreement with previous work’, compared to 1.4+ 
0.2% of injected dose after 12 MLC treatments. 


Fig. 1 Effect of single and mixed ligand chelates on the daily 
urinary excretion in female mice of plutonium-239 (specific activity 
0.063 pCi pe"). The background count was 23.0+0.5 d.p.m. 
Each point represents *Pu values per mouse from pooled samples 
of three mice. The animals were given a single intravenous 
injection of monomeric Pu(tv)-citrate of 0.0162 pCi= 
35,600 d. p.m. The counting efficiency was almost 100%, as 
determined with calibrated standards. Three days later, treatment 
by intraperitoneal injection began and continued twice weekly. 
The DTPA was administered as the CaNa,DTPA salt and that of 
SA as the sodium salt. The DITPA+SA were pre-mixed and 
injected as a single solution. @, DTPA+SA (0.5 mmol per kg+ 
2,0mmol per kg); O, DTPA (2.5 mmol per kg); W., DTPA 
(0.5 mmol per kg); A, SA (2.0 mmol per kg); ©, Pu controls; 
arrows indicate treatment. 


of injected dose per mouse} 
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Daily urinary excretion of 7+ Pu 
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Time after 74"Pu administration (d) 


In experimental, acute Cd poisoning, DTPA or EDTA are 
marginally effective’****°, and dimercaptopropanol is 
contraindicated***°. MLC treatment of mice 1h post-Cd 
with EDTA+SA or EDTA + 2,3-dimercaptopropanol-1-sul- 
phonate (Dimaval) (DMPS) resulted in 100% survival, whereas 
all single-chelant-treated animals died (Fig. 3). The therapeutic 
effect of the MLCs reflected a strong decorporative action. Thus, 
after a dose of '°Cd-labelled chloride which was 4.5 times the 
LD9, a Single EDTA + SA injection 1 h later removed 82% of 
the Cd present in the kidneys at the onset of treatment; EDTA 
was ineffective. 

The effectiveness of MLC therapy is maintained when low, 
clinically accepted doses’ are used; for example, 0.05 mmol 
per kg for PAPCs and 0.2 mmol per kg for secondary chelants. 
The MLCs are also effective when administered orally. Many 


Fig. 2 Effect of single and mixed ligand chelate treatment on the 
concentration of 7°"Pu in the skeleton of female mice. Each point 
represents the average value of analyses made on the femurs of 
each of six mice. The skeletal values were obtained by multiplying 
the femur values by 12 (refs 17, 18). As the skeletal levels of 7°°Pu 
for DTPA doses of either 0.5 mmol per kg or 2.5 mmol per kg were 
almost identical, one symbol was used for both. The SA dose was 
2.0 mmol per kg, and the MLC was 0.5 mmol per kg DTPA + 
2.0 mmol per kg SA. The error bars represent the standard devia- 
tion and are not included when the symbol diameter exceeds the 
magnitude of the standard deviation. Treatment with single or 
mixed ligand chelants began 3 d after the intravenous injection of 
0.0162 pCi of “Pu in the monomeric citrate form. Further 
experimental details are given in the text and legend to Fig. 1. O, Pu 
controls; A, SA; ©, DTPA; @, DTPA+SA; arrows indicate 


treatment. 
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Fig. 3 Effect of treatment with single and mixed ligand chelates 
on the survival of female mice given increasing doses of cadmium. 
Each point represents the % survival of a group of at keast 20 
animals. The mice were given a single injection in the tail vem, of an 
aqueous solution of CdCl, -2.5H,0 (MW 228.3). One hour later 
each mouse received a single, intraperitoneal injection of ‘the 
specified chelant or mixed chelant solution. The untreated controls 
received a single i.p. Injection of isotonic saline solution. Animals 
which survived 3d remained healthy for the remainder of the 
observation period (4 weeks). @, EDTA +SA or EDTA + DMPS; 
, C, EDTA; A, SA; HL, DMPS; O, Cd controls. 


MLCs consisting of PAPCs with bidentate aromatic compounds 
or other bidentate compounds or PAPCs are at least as effective 
for Pu decorporation and therapy of other metals including Cu, 
Zn, La, Fe(m), Ni, Pb and Th, (these MLC systems include 
EDTA or DTPA combined with 1,2-diamino-cyclo- 
hexanetetraacetic acid, dithiocarb, hydroxyethylene- 
diaminetriaacetic acid, nitrilotriacetic acid, penicillamine, sali- 
cylhydroxamic acid, sulphosalicylic acid and Tiron.) We are also 
investigating combinations of MLCs for decorporation of 
polymeric and insoluble forms of plutonium and other metals 
largely resistant to single-chelant treatment’©™* by using Fe- 
effective MLCI to facilitate decorporation of metals, for exam- 
ple, Pu, associated with endogenous iron species such as trans- 
ferrin and ferritin. 

Many chemical considerationg play a part in the a of 
MLC systems. For example, for 6-coordinate Cd(u iT), the 
of EDTA + SA (total dentateness 8), as anticipated?” P more 
effective than DTPA+SA (total dentateness 10), as the 
presence of four unbound carboxyl groups in DTPA+SA, 
compared to two in EDTA+SA, is de-stabilising. The greater 
stability of many ees larger than that predicted from statisti- 
cal. factors’, derives! ™ "7S from charge neutralisation, 
steric effects, patie electrostatic interactions and 
cooperative electronic effects, particularly with aromatic 
secondary chelants. As the secondary chelant alone was largely 
inactive, we conclude that the primary metal chelate facilitates 
incorporation of the secondary chelant, presumably by depro- 
tonation. 

Experimental evidence of in vitro and in vivo formation of 
MLCs is provided by different chemical and biological 
approaches. When the total dentateness of the chelants was less 
or greater than the ligancy of the metal ion, for example, the 
metal chelates were hydrophilic, but they were lipophilic when 
the total dentateness was equal. Experimentally, we found that 
Pu(EDTA), Pu(SA) and the MLC of Pu(DTPA)SA were indeed 


hydrophilic, and that Pu(DTPA) and Pu(EDTA)SA were lipo- 


philic as determined from partition coefficients using H20 as the 
polar phase and n- Ay too as the nonpolar phase. Ultrafiltra- 
tion experiments’ on liver homogenates containing Pu or 
Th demonstrated greater effectiveness of MLCs relative to 
single chelants, and the superiority of EDTA + catechol (CAT) 
or DTPA +CAT relative to EDTA+SA or DTPA+SA, in 
agreement with potentiometric titration studies’, 
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In vivo MLC formation was demonstrated with yeast-fevered 
rats” in which varying concentrations of injected Zn(EDTA) or 
Cu(EDTA) reduced salicylate antipyresis to a predictable, 
quantitative degree™. Removal of endogenous metals such as 
Zn by MLCs is similar to that by EDTA and DTPA (refs 2, 
35-37), but treatment twice weekly, because of dietary 
replacement, produced no toxic symptoms. Toxicological and 
pharmacokinetic studies on MICs using “C- and *H-labelled 
compounds are underway. . 

Mixed ligand chelate or complex formation by naturally 
occurring ligands and metals enters into biochemical processes 
and environmental situations, such as transport of metals from 
soils into the food chain and ground water. The ability of MLCs 
to remove all permits investigation of the mechanisms of 
tumour formation by Pu (refs 2, 3, 38) and modification of the 


_ genetic-toxicological effects of metals generally. The large 


variety of MLC systems available opens the way for major 
advances in the prophylaxis and treatment of metal toxicity, 
radioactive imaging with y-emitting radiometals and diagnosis 
of exogenous metal body burdens by provocative or challenging 
doses”. 

This work was supported largely by the US Department of 
Energy under contract no. EE-77-S-02-4369.A001. We thank 
Professors Michael P. Doyle and William S. Mungall for dis- 
cussions on MLC chemistry, Jack A. Dekker for technical 
assistance, and Heyl & Co. for the DMPS. 
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Table 2 The effect of preincubation of LA and PPD with TSH 





Stimulation index with 


it canti in Graves’ di LA LA+TSH PPD PPD +TSH 
as a mitogenic antigen in Graves’ disease 52.9 62.9 45 42 
38.0 36.4 2.3 1.8 
an . , : , 34.8 32.1 1.7 1.7 
GRAVES’ DISEASE (GD) is an autoimmune disorder associated 36.2 25.3 15.0 13.0 
with the formation of thyroid antibodies, one class of which, 26.1 24.9 
thyroid-stimulating antibodies (TSAb), is thought to be involved 32.0 36.8 


in the pathogenesis’°. TSAb act similarly to thyrotropin (TSH) 
on the thyroid follicle cell through the mediation of adenylate 
cyclase*. The formation of TSAb is thought to be due to a change 
in the immune tolerance or to some alteration of the antigen, 
which has been suggested to be the TSH receptor’. Some 
experimental evidence favours a defect in the immune surveil- 
lance, caused by decreased suppressor T-cell function’. It has 
been reported that sensitised lymphocytes from patients with 
GD can produce TSAb in vitro after nonspecific stimulation®’ as 
well as after specific stimulation with thyroid homogenate*®. We 
report here that the lymphocyte-stimulating effect of thyroid 
membranes is abolished if the thyroid membranes are prein- 
cubated with TSH. According to our hypothesis, this means that 
the TSH receptor is the mitogenic antigen. 

Eleven patients with GD and seven with toxic nodular goitre 
(TNG) were studied. The patients were hyperthyroid according 
to clinical and laboratory data (Table 1). The grouping of the 
patients into GD and TNG was based on clinical signs and on 
thyroid palpation and scintigraphy. Lymphocytes from these 
patients were studied with the lymphocyte transformation test. 
The method is described in the legend to Fig. 1. The stimulation 
index (SI) was calculated by dividing the mean c.p.m. of the 
three test cultures by the mean of the three control cultures. The 
mean lymphocyte SI for 10 healthy persons tested with thyroid 
membranes as the antigen was 1.02 +0.22 (mean +s.d., range 
0.61-1.35). The stimulation was considered positive when SI 
was more than 1.50, that is, mean + 2 s.d. In control incubations 
with leukoagglutinin (LA) as the mitogen, the SI varied from 20 
to 90, reaching its maximum on day 3, and from 3 to 10 on day 7. 
SI with purified protein derivative of tuberculin (PPD) varied 





For further details of the lymphocyte transformation test and prein- 
cubations see the legend to Fig. 1. 


from 1.7 to 15. The membranes from kidneys did not show any 
lymphocyte-stimulating effect in any patients tested. The 
coefficient of variation between triplicates was 4.1%. 

When thyroid membranes were used as antigen, the mean SI 
was 3.64 in the patients with GD, nine of whom showed a 
positive response. A positive response was also seen in two 
patients with TNG (Table 1). Figure 1 shows the results for the 
11 patients with a positive lymphocyte transformation test when 
leukocytes were incubated with thyroid membranes and with 
membranes which were preincubated with TSH. The lympho- 
cyte stimulation disappeared completely in eight cases and 
partly in three. Thus, it seems that preincubation of the mito- 
genic membrane preparation with TSH blocked the mitogenic 
determinant. Preincubation of the thyroid membranes with 
human chorionic gonadotropin (hCG), which has the same 
a-subunit as TSH, failed to influence the stimulating effect of 
membranes (Table 1). Preincubation of LA or PPD with TSH 
did not substantially interfere with the mitogenic activity of 
either LA or PPD (Table 2). 

The fact that preincubation with TSH inhibited the stimulat- 
ing effect of the thyroid membranes on lymphocytes from 
patients with GD is considered strong evidence in favour of the 
hypothesis that autoimmunisation against the TSH receptor on 
the thyroid follicle cell membrane is the pathogenic mechanism 
of hyperthyroidism in Graves’ disease. In other words, it seems 





Table 1 Diagnosis and stimulation index in patients with Graves’ disease or toxic nodular goitre 


a Ca a an en Cn 


Lymphocyte transformation test 
Stimulation index with 


PBI Ts FT, Membranes Membranes 
(0.32-0.63 (50-135 (30-85 Thyroid preincubated preincubated 
Patient Sex Age Diagnosis mol 17‘) nmol 1”') pmol 17") membranes with TSH with hCG 
L.B. F 46 GD 253 2.16 1.40 2.20 
A.L F 33 GD 250 450 1.77 1.00 1.70 
H.T F 38 GD 246 0.40 0.47 
O.R. M 34 GD 205 2.10 1.00 
L.R. M 52 GD 1.06 3.00 1.86 
FF: F 36 GD 148 208 2.00 0.40 
F.B. F 29 GD 1.25 1.00 0.40 
K.V M 66 GD F77 5.40 0.90 
S.P. M 62 GD 0.72 11.10 0.60 
R.B. F 41 GD 151 4.50 2.40 
K.A. F 19 GD 280 158 6.55 1.60 
EL F 34 TNG 0.54 1.70 0.90 1.70 
V.T. M 52 TNG 232 14.70 1.10 
F.A. F 72 TNG 152 154 0.20 0.10 
J.P. F ad TNG 183 199 1.00 0.40 
B.J. F 68 TNG 131 135 1.00 0.30 
P.M. F Te TNG 0.86 0.66 0.30 
E.V. F 31 TNG 0.95 1.00 0.30 





The diagnosis of hyperthyroidism was based on clinical symptoms and signs as analysed by Lamberg etal.'*. The diagnosis was confirmed by at least 
one of the following tests: serum protein-bound iodine (PBI), total thyroxine (T4), and free thyroxine index (FT,) as calculated from T4 and 
triiodothyronine uptake by Sephadex (T,U)'>. The normal values are given in parentheses under the headings. The division into toxic Graves’ disease 
(GD) and toxic nodular goitre (TNG) was made by palpation and thyroid scintigraphy. The lymphocyte transformation test was carried out within 2 
months of diagnosis. For further details of the lymphocyte transformation test see legend to Fig. 1. 
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that lymphocytes of patients with GD are sensitised against the 
patients’ own TSH receptor molecule, thus inducing TSAb 
production. TSAb obviously cause hyperthyroidism in most 
patients with GD. Some patients, however, do not develop 
hyperthyroidism, possibly because the functional capacity of the 
thyroid is impaired by coexisting destructive autoimmune pro- 
cesses™!?, Another possible reason for the lack of response is 
that in some patients the TSAb are merely blocking anti- 
bodies!!, which do not stimulate the thyroid adenylate cyclase 
system. 

The fact that the lymphocyte transformation test was positive 
in only two cases with TNG indicates that this type of hyper- 
thyroidism is not usually due to a breakdown of the immune 
tolerance against the TSH receptor. However, nodular goitre 


Stimulation index 





Fig. 1 The effect of preincubation of thyroid membranes with 
TSH on their stimulating ability on lymphocytes from nine patients 
with Graves’ disease (@) and two patients with toxic nodular goitre 
(O). a, Stimulation index (SI) after incubation with thyroid 
membranes; b, SI of lymphocytes from the same patients after 
preincubation with TSH. 40 mi of blood was defibrinated with glass 
beads and mixed with 6 ml of a 6% dextran (MW 110,000) solution 
and allowed to sediment for ih at 37°C. The leukocyte-rich 
plasma was collected and the leukocytes were washed three times 
in 5 ml Hanks’ balanced salt solution and suspended in Eagle’s 
minimal essential medium (MEM) containing 100 units mi! 
penicillin, 100 ug ml~* streptomycin, 2 mM L-glutamine and 10% 
fetal calf serum (Flow). Triplicate cultures of 1 ml containing 
210° leukocytes were incubated for 7d with or without added 
antigen. After 6 d incubation at 37 °C in a humidified atmosphere 
(5% COz, 95% air) 1 wCi of '**I-labelled deoxyuridine was added 
to each tube. 18 h later the cells were collected on to glassfibre filter 
papers using a multiple automated sample collector. The filters 
were dried at 60°C and counted in a gamma counter. The antigen 
used was a thyroid membrane preparation (10,0002 )'3 which was 
formalinised according to the method of Ross et al’. Control 
experiments showed that formalinisation of the membranes did not 
influence their ability to bind TSH specifically. The antigen was 
used at a final concentration of 50 pg protein per ml of medium. 
The thyroid antigen was also preincubated with 500mU TSH 
(Actyron, Ferring) to block the TSH receptors on membranes. 
Incubation was carried out for 20 min at 20 °C and used at the same 
concentration as the thyroid membranes alone. The control 
experiments with LA (Pharmacia) and PPD (State Serum Institute, 
Copenhagen) and the preincubations with TSH were carried out 
according to the same culture method. The LA concentration used 
was 5 ug ml’, PPD 250 IU ml7', hCG 50 IU and TSH 500 mU. 
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and GD may coexist, as shown n studies on a long-acting 
thyroid stimulator’’. In the presen: study, one of the two cases 
with TNG who had a positive SI was also tested by radioreceptor 
method for TSAb”*: a positive TSAb index was found. 

We do not know why the self-tolerance against TSH receptors 
is broken, nor why GD is self-limiting. The pathogenesis of TNG 
is unlikely to be related to the autoimmunisation phenomena 
seen in GD, but nodules may exist in a GD gland. 
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Graft-versus-host 
disease impairs cerebellar growth 


THE mechanisms of mental retarcation are of critical interest to 
both basic developmental neurebiologists and those in the 
clinical community concerned wita perinatal development. The 
possibility of a deleterious immunological interaction between 
mother and fetus has long been recognised as a potential 
developmental hazard’. However. there have been no reports of 
specific conditions which involve immunological injury to the 
developing brain. Graft-versus-hest disease (GVHD )is a model 
disease that can be induced nacurally or experimentally by 
grafting mature, immunocompecent lymphoid cells into an 
immature, immunoincompetent host. The failure of the host, for 
example a newborn rat pup, to recognise the graft as non-self 
leads to an attack by the grafted cells on host lymphomyeloid 
tissues, resulting in many symptoms, including wasting, 
anaemia, alterations of lymphcid organ weights, hyperex- 
citability and an ataxic-like gait’. The last two features suggest 
possible brain dysfunctions and kave motivated our investiga- 
tion of immunologically induced perinatal brain injury. The rat 
cerebellum was used here as a model system for the study of 
brain alterations during GVHE because of its well known 
cytoarchitecture’. In addition, its postnatal development 
renders it sensitive to many forms of perinatal stress*”. In this 
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Meenemen 
Table 1 Effect of graft-versus-host disease on several cerebellar growth parameters 
a a i SR ce a et E N EA A 


Cerebellar contents (mg) 


Day Injected Cerebellar 
killed cells weight (mg) DNA RNA Protein DNAF/ ASF 
GVHD-producing LNC injected 
9 None 63.3+1.7 0.45 + 0.02 0.37 +0.01 4.4+0.1 0.43+0.03 
FLNC 61.1+1.2 0.48+ 0.01 0,38 +0.01 4.4+0.1 0.46 + 0.04 
11 None 85.4+1.2 0.65 +0.02 0.44+0.01 6.7+0.3 0.81 +0.04 
FLNC 75.3+1.4* 0.54 +0.02* 0.39+0.01* 6.1+0.3* 0.53 + 0.02* 
13 None 110.92 1.7 0.89+ 0.03 0.54+0.01 7.2+0.1 0.54 +0.02 
FLNC 102.6 + 1.8” 0.77+0.01* 0.47 + 0.02* 6.4+0.2* 0.35 + 0.03* 
14 None 119.0+2.1 0.95+0.03 0.55 +0.02 9.0+0.2 0.76+ 0,05 
FLNC 82.2+4,2* 0,73+0.07* 0.43+0.04* 7.2+0.4* 0.34 + 0.03* 
Non-GVHD-producing LNC injected 
i4 None 121.4+4.8 1.04 + 0.06 0.60 + 0.02 8.6+0.6 0.62 +0.03 
F, hybrid 
LNC 124.444.4 1.05+0.04 0.58 + 0.02 8.640.4 0.58+0.04 





Animals injected with either 40x 10° Fischer lymph node cells (FLNC) or F, hybrid LNC were compared with non-injected littermates. 
DNAF/ ASF is the ratio of c.p.m. per g in the DNA fraction to c.p.m. per g in the acid-soluble fraction 1 h after an i.p. injection of 7H-TdR (2 uCi per g 


body weight). Results are expressed as mean +s.e.m, 
* Significantly less than non-injected controls (None), P< 0.05. 


study, we demonstrate that significant alterations in the cere- 
bellar cellular content and capacity for DNA synthesis occur in 
rats suffering from neonatally induced GVHD. 

GVHD was induced by injecting 40x 10° parental strain 
lymph-node cells (PSLNC) on the day of birth (day 0) into the F, 
hybrid offspring of two inbred strains of rats (Fischer and DA). 
Newborn F, hybrid animals were used because they are 
genetically tolerant of grafts from either parent and, thus, 
especially susceptible to immunological attack by parental 
lymphocytes. Non-injected littermates or littermates injected 
with harmless, syngeneic F, hybrid LNC were used as controls. 
At various ages, the pups were killed and alterations in cere- 
bellar development assessed. First, cell acquisition was esti- 
mated by measuring total cerebellar DNA content. Second, the 
uptake of *H-thymidine CH-TdR) into the DNA tissue fraction 
from the acid-soluble tissue fraction was assessed 1h after an 
intraperitoneal injection of 2 aCi per g body weight. General 
growth of the cerebellum was measured by determining organ 
weight changes and total organ RNA and protein content. 

The time course of GVHD effects on cerebellar maturation is 
characterised by a rapid appearance of changes. Thus, at the 
ninth postnatal day, injected animals were relatively normal by 
the parameters measured here. However, at postnatal day 11 
cerebellar development was noticeably altered. 

As seen in Table 1, cerebellar weights were affected in animals 
injected with PSLNC. Between days 9 and 11 there was only a 
19% increase in cerebellar weight in animals with GVHD, 
compared with a 26% increase in controls. Subsequent to this 
initial change in cerebellar weight gain, cerebella from GVHD 
animals remained significantly smaller than those of non- 
injected littermates. In addition to our assessment of GVHD 
effects. on cerebellar weights we also weighed each intact animal, 
its spleen and thymus, and found weight alterations similar to 
those previously described in animals with neonatal GVHD*. 

In animals injected with PSLNC, both cell proliferation and 
RNA and protein contents were decreased compared to either 
non-injected controls or controls injected with syngeneic cells. 
This effect was proportional to changes in cerebellar weight 
(Table 1). 

At each day including and after day 11, there was significantly 
less DNA, RNA and protein, indicating a marked decrease in 
accretion of cell number and cellular content (Table 1). There 
was actually less DNA at day 14 than day 13 in cerebella from 
GVHD animals, possibly reflecting a degree of cell death in 
addition to the slowed cell proliferation. Compared to controls, 
the uptake of 7H-TdR into the DNA fraction from the acid- 
soluble fraction was less in GVHD animals at each, day 


measured except day 9. Labelling of the acid-soluble fraction 
was not significantly different in GVHD compared to controls, 
but there was a great difference (P < 0.001) in the amount of 
label in the DNA fraction, suggesting that although cerebellar 
cells in GVHD animals can take up *H-TdR, the mechanism for 
incorporating the label into DNA is altered. It is especially 
noteworthy that these actions on brain growth occur at a time 
before body wasting is evident. Animals which received 
syngeneic cells, that is, lymphocytes not reactive against the 
host, were similar to non-injected controls with respect to either 
cellular acquisition or cellular content. 

Histological preparations showed the regular arrangement of 
the layers of the cerebellum to be undisturbed in 14-d-old 
animals with the classic symptons of GVHD. In addition, there 
was no mononuclear cellular infiltration of the cerebellum, 
which argues against a direct, cell-mediated attack by invading 
lymphocytes against cerebellar cells. 

The demonstrated effects of GVHD on maturing rat cere- 
bellum may be highly significant with respect to the develop- 
ment of the human cerebellum, which acquires 80% of its total 
neuronal cell population, that is, granule cells, during the first 
two postnatal years’. Therapeutic measures, including exchange 
transfusion of the immunologically immature fetus in utero®, 
routine transfusion of infants suffering from congenital 
immunological deficiency syndrome’, and even of lymphocytes 
from the maternal to the infant circulatory system’” can all place 
infants at risk due to the induction of a GVHD syndrome. In 
addition, bone marrow transplantation in children with haema- 
tological disorders can result in GVHD, and affected infants 
often survive mild or moderate episodes of the disease’'. 
Human infants do, in fact, receive foreign lymphocytes in these 
instances at a time when cerebellar cells are still proliferating, 
but there has been no assessment of potential CNS damage due 
to induction of graft-versus-host disease. 

The adverse actions described here of GVHD on cell 
proliferation in the developing rat cerebellum indicate that the 
CNS is a previously unrecognised site of damage during this 
syndrome. The mechanism by which GVHD causes damage to 
cerebellar growth is still obscure. No lymphocytic invasion of the 
cerebellar tissue was observed in affected animals, which 
suggests that a blood-borne factor may be involved. Alterations 
in cerebellar synthetic capacity could be the result of several 
different agents during the course of the disease; for example, 
hormones like cortisone’* or factors from activated lymphocytes 
such as proliferation inhibitory factor.'* It is conceivable that the 
cerebellum could be affected as an innocent bystander in a 
similar way to other tissues such as the skin** and intestine’” of 
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animals with GVHD. Our preliminary histological studies have 
suggested a depletion of cells in the external germinal layer, an 
effect quite different from that found in malnutrition’* and some 
hormonal alterations’’. The analysis of the process by which 
graft-versus-host disease selectively slows growth within the 
proliferative cell population in the cerebellum remains a chal- 
lenge to the understanding of basic growth processes in neural 
development, and is under investigation in our laboratory. 

We thank R. E. Billingham and J. Wayne Streilein for dis- 
cussions. This work was supported in part by grants NS 13225, 
NIH5-R01-AI-10678-05, and NIH1-—R01-AI-14663-01. 
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Dissociation between learning 
and remembering in organic amnesia 


IN Korsakoff’s disease and certain other cases of organic 
amnesia there may be profound disturbance of memory with 
little or no other intellectual disturbance. The nature of this 
memory defect is controversial and in particular there is dis- 
agreement about the stage of the memory process which is 
impaired. There is evidence in support of three possibilities’. 
Information might be inadequately acquired, maintenance of 
information in store might be defective or information might be 
inadequately retrieved from store. The results reported here 
suggest that inadequate acquisition is the most likely cause of the 
amnesia in Korsakoff’s disease. 

It ts known that amnesic patients are inferior to controls in 
recognising previously seen pictures when conditions of presen- 
tation and testing are identical for both groups*”. However, 
when pictures are presented to Korsakoff patients for a period 
four to eight times longer than that given to controls, and both 
groups are tested 20 min later, the recognition performance of 
the patients is raised to that of controls®. We have used this effect 
to establish equal performance of two such groups on picture 
recognition after a 10 min interval and then to compare their 
speed of forgetting as shown by their performance after longer 
intervals. This obviates the difficulties that have beset previous 
attempts to compare the rates of forgetting of amnesic and 
control subjects (see ref. 7 for review). 

The Korsakoff patients were seven severely amnesic males 
with a history of alcoholism. Four were tested at the Boston or 
Bedford Veterans Administration Hospitals (Massachusetts) 
and three were tested at the Manchester Royal Infirmary. All 
had a severe defect of recent memory but other cognitive 
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functions were intact. Their mean age was 58.4 yr and mean IQ 
on the WAIS scale was 104. The control group consisted of six 
males with no evidence of neurological or psychiatric dis- 
turbance who were ambulant inpatients on the general medical 
and surgical wards of the Boston VA Hospital. Their mean age 
was 58.8 yr and mean IQ 116. 

Each subject was shown 120 slides of coloured pictures 
photographed from magazines (stimulus items) and asked to 
remember them. Recognition memory was tested 10 min, 1d 
and 7 d later. In each test, a sample of 40 of the original pictures 
was presented, randomly interspersed with 40 new pictures 
(distractor items), and the subject was asked to say for each 
picture whether or not he had seen it previously. We aimed for 
75% correct recognition by both groups after the 10 min inter- 
val. Because there was no certainty that individual subjects 
would achieve this level of performance after a particular 
exposure to the stimulus items, two sets of 240 pictures were 
prepared. These were all drawn from the same source and 
individual pictures were allocated randomly to the first or 
socond set and, within sets, to stimulus and distractor items. The 
120 stimulus items from the first set were shown to the controls 
for 1s each and the range of correct responses 10 min later was 
71.3-85%. The same stimulus items were presented for 4 3 each 
to the Korsakoff patients. This enabled four of them to attain a 
level of performance after 10 min comparable to that of controls 
(78.8-83% correct). For the remaining three patients, 4s was 
inadequate: their performance at this exposure was therefore 
treated as a calibrating experiment and was not analysed. Six 
hours later, these three patients were shown the second set of 
120 stimulus items for 8 s each. This resulted in recognition after 
10 min equal to that of the controls (72.5-80% correct). A 
Mann-Whitney ‘U’ test then confirmed that after 10 min there 
was no significant difference between the performance of the 
seven amnesic and the six control subjects (P = 0.53). 

All subjects were tested again 1 and 7 d later, using slides from 
the appropriate set. The results are shown in Fig. 1. A two-way 
analysis of variance was carried out and this showed that the 
interval between exposure to stimulus items and testing (the 
retention interval) was the only significant source of variation 
(F = 46.5, P<0.001). Neither the between-groups component 
nor the interaction between group and retention interval was 
significant. An identical pattern of results was obtained when the 
raw data and two kinds of transform of the data (inverse sine and 
logistic) were analysed. Detailed comparisons showed no 
significant difference between the groups for any of the three 
retention intervals. Furthermore, the distribution of true posi- 
tive and true negative responses was virtually identical for the 
two groupe for each retention interval (Table 1). Thus, recog- 
nition performance declines with increasing retention interval 
but the rate of decline does not differ between the groups. This 
identity of performance between the groups cannot be explained 


Fig. 1 Mean % correct (TP +TN) responses (+1 s.d.) on picture 

recognition test. Speed of forgetting is identical when initial per- 

formance (at 10 min) has been equated. Solid line, Korsakoff 
patients; dashed line, control subjects. 
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Table 1 Mean true positive (TP) and true negative (TN) responses on 
picture recognition test (maximum = 40) 


MANS A hike to tree Herre heh Tne AAAA ALAA pia Ahh Yl fey i arenes ers 


Retention interval 
10 min ld jd 


TP TN TP TN TP TN 
Korsakoff patients 26.7 35.6 21.1 32.0 19.4 29.4 
Control subjects 28.5 34.2 24.2 31.6 20.5 29.2 





by the somewhat different intelligence of the two groups for two 
reasons. (1) When Korsakoff patients and controls are strictly 
matched for IQ, their recognition performance is identical after 
a standard retention interval if the patients receive the stimulus 
for 4-8 times as long as do controls®. (2) In our experiment, the 
Korsakoff patients were on average somewhat less intelligent 
than the controls and therefore could not have compensated for 
amnesia with more intelligent strategies for learning and 
remembering. The performance of the Korsakoff patients was 
indistinguishable from that of the controls not only after 10 min 
(when performance of the two had been deliberately equalised) 
but also after the two longer intervals when any difference in the 
ability to remember should have become apparent. Clearly, it is 
not in their recognition performance that the groups differed, 
but in the time available to acquire information when the 
pictures were first presented. 

The simplest interpretation of our results is that the amnesic 
defect of the Korsakoff patients resides in the initial learning of 
the information. This interpretation can be avoided only by 
assuming that the additional time for learning made available to 
Korsakoff patients resulted in their acquiring more information 
than the controls and losing this advantage within 10 min 
through defective retention or retrieval. However, such an 
advantage could not have been lost through faulty retention 
because this would require the curves to diverge after the 10 min 
test (Fig. 1) and the Korsakoff patients to perform abnormally 
poorly after the longer intervals. Nor could such an advantage be 
lost through greater susceptibility to interference from earlier 
memories—the most frequently advocated ‘retrieval theory’ of 
amnesia’ *'°—such interference increases with retention inter- 
val'' and accordingly the Korsakoff patients should forget faster 
than the controls. Again the curves should diverge. 

It therefore seems very likely that the extra time provided for 
the Korsakoff patients was utilised to achieve a level of learning 
comparable with that which the controls achieved in less time. 
Accordingly, at least for picture recognition, the Korsakoff 
patients seem to have a defect in the initial learning of informa- 
tion but forget no faster than normal. Normal rates of forgetting 
in Korsakoff patients might seem paradoxical if organic amnesia 
is seen as mability to remember. However, apparent defects of 
retention or retrieval in these patients could in principle be— 
and, we suggest, are—-secondary to a defect of initial learning. 

We thank Drs N. Butters, L. S. Cermak and H. Goodglass of 
the Boston VA Hospital, and Drs P. Meudell and D. Neary of 
the Manchester Royal Infirmary for permission to examine their 
patients and for research facilities. We also thank Dr P. Altham 
for advice. 
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Mechanism for the formation 
of synaptic projections 
in the arthropod visual system 


THE axons of photoreceptors in arthropods project in a pre- 
cisely ordered manner from the retina to the lamina. As retina 
and lamina consist of two-dimensional arrays of structural units 
(the ommatidia and the cartridges, respectively), a particular 
unit of origin and a specific target unit can be defined uniquely 
for each axon. In a number of species, such as water fleas’, crabs? 
and locusts, all axons originating from an ommatidium 
terminate in the same cartridge, where they form synapses onto 
laminar neurones. How is a particular target cartridge selected 
by the retinular axons as they grow into the laminar anlage 
during embryogenesis? The adult pattern of projections could 
arise in several ways. For example, each ommatidium and each 
cartridge could have unique chemical labels varying with or 
according to their positions in their respective domains. Input 
and target could then be matched by a chemoaffinity mechanism 
such as that originally proposed by Sperry‘ for the formation of 
vertebrate retinotectal connections. A second possibility is that 
retinular fibres do not recognise any specific labels in the laminar 
cells, but grow into this region in the appropriate spatio- 
temporal order to sequentially fill available sites in a pre-formed 
laminar array. In a variation of this second mechanism the 
lamina would be unstructured at the time of arrival of retinular 
axons and the axons would impose a pattern on the lamina by 
sequentially recruiting immature laminar neurones to form the 
regular array of cartridges. These possibilities have been tested 
by deleting ommatidia at specified developmental stages in 
Daphnia magna, a small branchiopod crustacean with a total of 
22 ommatidia and 22 cartridges’. The observations reported 
here support the last hypothesis, that the order of retinular axon 
ingrowth determines the retino—laminar projections in this 
organism. 

The formation of the retino—laminar projection in Daphnia 
follows a precise sequence of events which occurs during the 
middle stages of embryogenesis”’®. This is shown schematically 
in Fig. 1. Retinular axonal bundles arrive in order at the midline 
of the laminar anlage, where they contact immature laminar 
neurones with which they will subsequently form cartridges and 
move away from the midline. In order to determine whether a 
bundle of retinular fibres only interacts with a specific, pre- 
determined group of cells, I used a UV radiation microbeam to 
delete ommatidia during development before their axons made 
such contacts. Two possible outcomes of such an experiment are 
shown schematically in Fig. 2. On the left, cartridges which 
normally correspond to the deleted ommatidia receive no 
retinular projections; on the right, the last cartridges that would 
form are the affected ones. 

Lesions were made in about 40 embryos at different locations 
in the eye anlage, deleting 1-10 ommatidia before their fibres 
grew into the lamina’. Animals were fixed at various times after 
the irradiation and serially sectioned for light or electron 
microscopy. The analysis was in part performed with the aid of 
three-dimensional computer reconstructions from these 
sections’. 

Some data on experimental animals analysed as adults are 
presented in Table 1. For every ommatidium which was 
completely removed in the embryo, five laminar neurones, and 


6 Macmillan Journals Ltd 1978 


Nature Vol. 275 28 September 1978 


Tx 








OTOM 


Well 
OS 








Fig. 1 Schematic diagram of a rostro—caudal cross-section of two 
Daphnia embryos; left, 30 h old; right, 33 h old. Only the eye and 
lamina on the nght of the midline are shown. A-~D, Ommatidia; a, 
b, cartridges. ML, midline; AN, available immature neurones. The 
photoreceptors in ommatidiam A are the first to differentiate. 
They send processes along the midline into the lamina, where they 
encounter laminar cells without processes. Within each future 
ommatidium one cell matures earlier than the other seven; its 
growing fibre precedes or ‘leads’ the other seven into the lamina. 
The lead fibre sequentially contacts five laminar cells which then 
wrap around this fibre and form transient gap junctions with 1t*°. 
The cells which are contacted are always those closest to the 
antenor surface and the midline of the laminar anlage. As the 
following fibres of the bundle arrive, the lammar cells unwrap 
partially, form a ring sround the bundle and elaborate processes 
which grow in paralle! with the receptor fibres into the forming 
neuropil. After cartridge a is formed in the lamina, it moves 
laterally as the fibres frommctidium B arrive After cartndge 6 is 
‘ formed, it also moves laterally behind cartridge a. The fibres from 
ommatichum C then arrive at the midline and contact five 
immature neurones. At 33h, the first cartridges to form have 
begun to elaborate processes which grow into the future neuropil 
region. Synapses will appear a few hours later. 


hence a cartridge, were missing in the adult. When an omma- 
tidium was only partially deleted, however, a smaller than 
norma! cartridge was formed. From these data it was not pos- 
sible to determine conclusively which one of the cartridges was 
missing when an ommatidium was removed. In no case out of 17 
analysed in detail were there found any areas filled by glia but 
devoid of neurones, or any groups of degenerating laminar 
neurones that would allow identification of the missing 
cartridges. In each case the cross-sectional area of the lamina 
was reduced in proportion to the number of missing structures. 
(It has also been shown that eye deletions strongly affect laminar 
structure by genetic manipulation in Drosophila’ and surgical 
manipulation in other species’*'’.) 


Table 1 Numbers of retinular neurones, ommatidia, laminar neurones 
and cartridges in animals irradiated as early embryos and analysed as 
adults using 3-D computer reconstructions from senal sections 


No. of No. of 
retinular No. of laminar No. of 
Speaamen neurones ommatidia® neurones cartridges* 
A 163 20 99 ‘20 
B 153 20 94 20 
C 116 18 87 © 18 
D 87 14 68 14 
B---- 89 12 57 12 
F. 127 16 79 16 
Control 176 22 : 110 22 





* Some ommatidia and their associated cartridges have fewer than the 


normal complement of neurones (8 and 5, respectively) in experimental 
animals 
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Two observations on experimental animals analysed at 
embryonic stages ranging from 3 to 20h after irradiation 
showed that the cartridges which degenerate are the last ones to 
form. First, immature laminar neurones, including those that 
later disappear, are still to be found within the laminar anlage 
until some hours after all retinular fibres normally arrive at the 
lamina. No signs of laminar cell degeneration are found until 
some 10-12 h after the 38 h stage, when the last bundles grow 
into the lamina (see Fig. 3). Second, no group of laminar 
neurones without an associated bundle of retinular fibres is 
found away from the midline at any stage during or after the 
arrival of the retinular bundles. In other words, at no develop- 
mental time is there a situation like that shown in Fig. 2 (left). 
Instead, laminar cells that are not contacted because of the 
reduced number of retinular bundles are found near the midline, 
as diagrammed in Fig. 2 (right) (see also Fig. 3). These left-over 
cells fail to elaborate fibres at the time when corresponding 
normal groups, located symmetrically about the midline, are 
well differentiated. 

The extra laminar cells could, in principle, be either the last 
group to appear, group d in Fig. 2, or group b which, as it was 
never contacted because ommatidium B was deleted, has 
remained near the midline. My observations of the temporal 
pattern of fibre ingrowth and of the geometry of the laminar 
anlage support the first alternative. The immature neurones 
contacted by a growing fibre bundle are always those closest to 
the anterior surface and the midline. Therefore, if growing 
bundle C is to contact laminar group c, then group b must be 
displaced away from the midline. Yet a group of laminar cells is 
never observed away from the midline without an associated 
retinular fibre bundle. It is conceivable, though rather unlikely 
because of the geometry of the developing lamina, that groups b 
and c permute positions if b is not contacted at a specific time. 
However, in no experimental animal studied at the appropriate 
embryonic stage was there any indication that laminar cells 
move from the anterior surface back toward the more posterior 
regions from which they originally arise. Though I cannot 
absolutely dismiss the possibility that group b recycles back to 


Fig.2 Two possible outcomes of the deletion of ommatidium B. 
(Nomenclature as in Fig. 1.) Left, if ommatidium C recognises and 
contacts only the laminar cells which will form cartndge c, then we 
should find, at some developmental stage, a group of neurones m 
the b position which do not receive a retinular projection. Right, if 
the fibres from ommatidium C recruit whatever laminar cells are 
available, they will contact those cells that will normally become 
cartridge b The deletion of ommatidium B then would lead to the d 
laminar cells remaining untouched and available. 
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Fig.3 Low power electron micrograph of a rostro—caudal section 
from a set of serial sections of an embryo irradiated on the right side 
at 31 h and fixed at 50 h. M, midline; LR and RR, left and right 
retina; LL and RL, left and right lamina; C, cartridge; B, fibre 
bundle travelling from LR to LL. The corresponding fibre bundle 
on the right was deleted by irradiation. Arrows indicate debris from 
degenerating cells which has been internalised by glial cell g. 
Immature neurones, n, that remain without an associated retinular 
bundle are found at this stage only on the right side of the midline. 
Computer reconstructions from the serial micrographs show that 
these immature neurones have failed to elaborate processes, unlike 
the neurones in corresponding positions on the left side of the 
midline. Note that, because of these left-over cells, cartridge C on 
the right is more distant from the midline than the one on the 
left. 2,400 


the surface region where the left-over cells are found, I believe 
from my observation of the temporal sequence of events that it is 
highly unlikely. I conclude that the extra cells are the last to 
arrive, that is, those that normally would have become part of 
the cartridge d. 

From these observations the following developmental scheme 
in the Daphnia visual system can be formulated. As retinular 
fibres arrive at the laminar anlage they recruit whatever 
immature laminar neurones are available at that time and in that 
position. (This recruitment process could be mediated by signals 
exchanged during the early, characteristic interaction between 
retinular fibres and immature neurones which have been 
described previously®.) The order of synaptic projections is a 
consequence of the spatio-temporal sequence of ingrowth of 
optic fibres and no special affinity of ommatidia for specific 
targets is required. In animals with retinal lesions the extra 
laminar cells fail to differentiate because they do not receive a 
required signal from retinular fibres. The degeneration of 
laminar cells deprived of contacts provides evidence supporting 
cell death as the mechanism for regulating relative numbers of 
neurones in this system. Such a regulatory role for cell death has 
been previously suggested in both invertebrate'* and vertebrate 
nervous systems’. 

In conclusion, experimental evidence has been obtained 
which indicates that, in a structure whose parts normally mature 
in a spatially and temporally ordered fashion, neurones and their 
targets need not be individually labelled in order for appropriate 
synaptic projections to be achieved. Horridge® arrived at a 
similar conclusion when he observed normal optokinetic 
responses by locusts that had regenerated eye-lamina connec- 
tions following eye rotation at the second instar larval stage. 
However, as about two-thirds of the retina is added at later 
instars'', it is unclear whether this result is due to normal 
development of the remaining retina following the graft rotation 
or to the regeneration of connections from the existing omma- 
tidia. A spatio-temporal mechanism has also been suggested by 
Gottlieb and Cowan" as a possible way to account for the 
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genesis of the pattern of synaptic connections in the dentate 
gyrus of the rat. In those cases where all fibres grow in and form 
synapses simultaneously, however, a different mechanism, such 
as chemoaffinity* or fibre-sorting'’, might be necessary. 

Although sequential differentiation of photoreceptors also 
takes place in Drosophila and other insects (see ref. 16 for 
review), the details of the developmental interactions are not 
known in these species. My results on Daphnia, and parallels in 
the developmental process in various species'®, suggest that 
mechanisms involving cell-cell contact as the signal for specific 
recruitment and differentiation of target cells may be generally 
valid in the formation of the retino-laminar system of inverte- 
brates. 

I thank E. Holtzman, E. Kandel, C. Levinthal and R. Schehr 
for reading the manuscript. This research was supported by NIH 
grants NS117338 and NS09821. The computer work was per- 
formed at the Biology Computer Graphics Facility, which is 
supported by NIH grant RR00442. 
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Phase-locking in goldfish saccular 
nerve fibres accounts 
for frequency discrimination capacities 


THE auditory systems of fishes have been of particular interest 
in the development of auditory theory because a mechanical 
analysis of frequency had seemed unlikely on the basis of the 
ear’s rather undifferentiated structural organisation’. Thus, at 
the level of the 8th nerve, information about stimulus frequency 
is thought to be coded in the temporal structure of neural activity 
rather than in across-fibre distributions of impulse rate*~. 
However, recent neurophysiological data show that a limited 
peripheral frequency analysis occurs in several species*’ and 
some workers have suggested that this may form the basis for 
psychophysical demonstrations of filtering*”'° and for frequency 
discrimination in the fish auditory system'''*. Such a ‘place 
principle’ of frequency analysis and pitch perception is presently 
generally believed to originate in the phyletic series among 
the amphibia and to reach the greatest degree of elaboration 
with the mammals'*. We report here an experiment which 
helps to resolve this question of frequency codings by evaluating 
the adequacy of the temporal hypothesis to account for the 
behaviourally measured frequency difference limens for the 
goldfish''’*. A simple form of the temporal coding hypothesis 
states that the reciprocal of stimulus frequency (period) is 
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represented in 8th nerve fibres as the distribution of time 
intervals between phase-locked impulses*. A discrimination 
between two different period lengths may thus entail a decision 
as to whether the two resulting distributions of neural interspike 
intervals are the same or different. Clearly, the performance on 
such a discrimination would be limited by the variability of the 
distributions, or the accuracy with which neural impulses are 
phase-locked to the stimulating waveform. We demonstrate 
here that the neurones which phase-lock best at any given 
frequency show degrees of phase-locking accuracy that would 
be expected if the central nervous system were processing the 
input optimally. 

The details of the method used for the neurophysiological 
measurements have been published previously’. Phase-locking 
variability of single saccular neurones of the goldfish was 
measured in response to tones presented at the frequencies and 
amplitudes used in behavioural measurements of frequency 
discrimination'’. Extracellular potentials were recorded from 
single saccular nerve fibres in 15-cm common goldfish, anaes- 
thetised (MS-222) and immobilised (Flaxedil). Generally, sac- 
cular neurones could be classified into high frequency (HF) and 
low frequency (LF) types. The LF neurones showed best 
frequencies below 200 Hz, whereas the HF type showed best 
frequencies ranging between 300 and 800 Hz. Highly spon- 
taneously active neurones showed little adaptation and were 
stimulated with continuous tones of up to 10s duration. 
Neurones with little or no spontaneous activity showed rapid 
adaptation and were stimulated with 100-ms tone bursts, 
repeated at 2 Hz. 

Neurones could be ‘held’ from seconds to over an hour, with 
the LF type usually lasting longer and exhibiting larger spikes 
(5-40 mV) than the HF type (0.5-20 mV). When a neurone was 
encountered, it was stimulated with a set of frequencies at sound 
pressure levels 35 dB above behavioural threshold’? until it was 
‘lost’ or until the stimulus set was exhausted. For each signal, a 
10-min period histogram’ was obtained from which measures 
of phase-locking variability were made. Figure 1 shows the 
period histograms obtained for four representative neurones 


Fig. 1 Period histograms for four representative neurones, 
204(a), 205(b), 209(c) and 216(d), from one animal for 1s of 
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Fig.2 The standard deviations (in ms) of period histograms for 45 

high-frequency neurones (MB) and 22 low-frequency neurones a 

to sinusoidal stimulation at 35 dB above behavioural threshold 

from nine animals, The line connects the mean just-noticeable- 

differences in stimulus period (in ms} measured psychophysically 
for four animals in a previous study’. 


sinusoidal stimulation at the frequencies indicated. Sound pressure 

levels are 35 dB above behavioural threshold'*. The number asso- 

ciated with each histogram is the standard deviation of the dis- 
tribution in ms. 
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from a single animal. From each histogram, average discharge 
rate, the location of the mean (phase angle) and the coefficient of 
synchronisation (R) were calculated’*. The coefficient R was 
then transformed into a standard deviation value in ms (ref. 17). 
These values are plotted as a function of frequency in Fig. 2 for 
63 of the most sensitive neurones encountered in this study (nine 
animals). Also plotted in Fig. 2 are the mean just-discriminable 
differences in period length (AP) for four goldfish tested in 
similar stimulus conditions in a previous study’. The 
behavioural AP values generally fall within the range of the 
smallest period histogram standard deviation values obtained at 
each frequency. 

A simple temporal coding hypothesis holds that stimulus 
period lengths are estimated by the measurement of the 
temporal intervals between nerve impulses". The dis- 
crimination problem may be viewed as a decision as to whether 
two samples of neural interspike intervals are drawn from the 
same, or two different underlying distributions. Assurning that 
the means of these hypothetical distributions are equal to the 
periods of the two signals to be discriminated, and that the 
distributions’ variance is completely determined by the phase- 
locking variance, then we would expect threshold-like 
behaviour to occur when the difference between the means (AP) 
is approximately equal to the distributions’ standard deviation 
(sd), that is, when d’ = AP/sd = 1 {ref. 19). The results show that 
this is indeed the case for the smallest sd values at each of the 
frequencies studied. Thus, peripheral phase-locking variance 
accounts well for the errors made in behavioural frequency 
discrimination, with the assumption that the decisions are based 
on the small percentage of neurones transmitting the best 
information. 
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A similar analysis was carried out by Mountcastle et al.'? for 
cutaneous flutter vibration discrimination. Human vibratory 
frequency discrimination performance was compared with the 
standard deviations of period histograms for somatosensory 
cortical neurones in the monkey. For vibratory frequencies 
between 5 and 200 Hz, the behavioural estimates of the sds of 
the underlying sensory distributions fell within the range of the 
smallest neural sds. These results for the cutaneous system are 
also similar to the present results in that both neural and 
behavioural measures or error decline approximately linearly 
with frequency (with unity slope in log-log coordinates), and in 
that the actual values of the cutaneous sds are only about twice 
as large as those of the goldfish auditory system. 

Although the present results show that a simple temporal 
coding hypothesis accounts quite well for the behavioural 
capacities for frequency discrimination in the goldfish, possible 
alternative hypotheses are not ruled out. Further experiments 
are required in which phase-locking variance may be manipu- 
lated; for example, through the introduction of temporal ‘jitter’ 
in the stimulus waveform, or through the use of aperiodic stimuli 
such as amplitude-modulated noise”. The nature of central 
neural mechanisms which decode the temporal input patterns 
remains to be explored. The goldfish seems to be a valuable 
preparation for combined behavioural and neurophysiological 
approaches to the coding of temporal patterns by nervous 
systems. 

This work was supported by NSF grant BNS 76-02031. I 
thank Rich Bowen, Bill Yost and Bill Ahroon for discussions. 
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Sinus node extracellular potassium 
transients following vagal stimulation 


SEVERAL investigations have suggested a role for K* in the 
generation of the transmembrane potential during spontaneous 
rhythm’? and following vagal inhibition*“ of the sinoatrial node 
(SA node) of the heart’. Voltage-clamp studies’” in the rabbit 
SA node have shown a voltage- and time-dependent increase in 
the outward current on depolarisation and a slow decay of the 
outward current on repolarisation to the holding potential. The 
hyperpolarisation and slowing of automaticity following vaga! 
stimulation or acetylcholine (Ach) application is believed to be 
due to an increase in potassium permeability’*. The purpose of 
the present study was to use K*-sensitive microelectrodes®” to 
examine the time course and the magnitude of K* efflux and 


0028-08 36/78/02 75—0322$01.00 


Nature Vol. 275 28 September 1978 
ad 


Me T lo CP S a C a S a 
Vo 100V E mae T a IT a 
Fk 0 2m V| emeena 
feommnervcairenaimind 
200 ms 
b 


Vo tömVÍ 

Vk 0.2m} A NLA ie Gf 
ananasom 
200 ms 


Fig. 1 a, The response of both barrels of a double-barrelled 
K"-sensitive microelectrode to skewed sine-wave calibrating 
pulses of similar time course and magnitude to extracellularly 
measured action potentials. Selective barrel, Vx + Vo; reference 
barrel, Vo. Ve represents the differential output showing common 
mode rejection at this level of resolution. b, The output of both 
barrels with the double-barrelled K*-sensitive microelectrode in 
the extracellular space of the SA node. Selective barrel, Ve + Vo; 
reference barrel, Vo. The differential trace, Vg, now shows 
periodic fluctuations with the same periodicity as the crista 
terminalis electrogram (CT) and extracellular potential fluctua- 
tions (Vo). Vk represents beat-to-beat alterations in [K*]p and is 
uncontaminated by common mode rejection artefacts (see a 
above). In the Vk record 0.2mV is equivalent to 0.034mM 
potassium. 


extracellular accumulation in the isolated rabbit SA node during 
spontaneous rhythm and following vagal stimulation. Our 
results confirm that K” permeability of the sinoatrial pacemaker 
cell is increased following vagal stimulation and demonstrate K~* 
accumulation in the extracellular space for several seconds. 
Beat-to-beat extracellular potassium transients are linked to the 
repolarisation process as well as to diastolic depolarisation. 

Experiments were carried out on rabbits (1-3 kg) anaes- 
thetised with 10 mg per kg intravenous sodium pentobarbital. 
The hearts were removed and placed in Tyrode’s solution, 
gassed with 95% oxygen and 5% CQO, and maintained at 37 °C; 
1.0 mg! propanolol was added to the Tyrode’s to eliminate 
B-adrenergic influences. The atrium was opened according to 
the dissection of Paes de Carvalho”. Vagal stimulation was 
accomplished by a previously described? modification of the 
technique of Vincenzi and West'°. Bipolar silver electrodes 
were placed on the endothelial surface of the superior vena cava 
in the region traversed by vagal fibres innervating the sinus node 
area'’. The vagal stimuli were delivered as a train of 4-ms 
square-wave pulses at 100 Hz for 100-300 ms. Silver bipolar 
electrodes were used to record from the surface of the crista 
terminalis (CT) and right atrial muscle. Standard 3 M KClI-filled 
microelectrodes were used to record transmembrane potentials 
from sinus node fibres. 

Double-barrelled K*-sensitive microelectrodes were pre- 
pared by filling the tip of one barrel of a double-barrelled glass 
micropipette, pretreated with a siliconising agent, with K*- 
selective resin (Corning liquid resin no. 477317 with K*:Na* 
selectivity of approximately 60:1) (refs 6, 12). The selective 
barrel was then backfilled to the top of the resin column with 
100mM KCI. The other barrel was backfilled with normal 
Tyrode’s solution. K* electrodes with tips of 3-4 zm had a 
resistance of about 1,000 MQ and an electrical response time of 
15-20 ms. The chemical response time of the electrode to 
variation of K* was found to be faster‘. Selectivity values were 
measured before and after experiments with a series of calibrat- 
ing solutions with potassium concentrations (mM) of 2.7, 10, 20, 
50 and 100. Signals from the K*-selective barrel and the 
reference barrel were independently amplified by high-input 
impedance amplifiers (1.5 x 10'* Q) with capacitance compen- 
sation. The amplified signals were differentially subtracted by a 
third amplifier (Bloom). Thus, we were able to obtain the 
potassium potential (Vx) free of the extracellular potential (Vo) 
fluctuations which were common to both barrels (Fig. la). 
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Records were simultaneously displayed on a Tektronix 5103 
oscilloscope and stored on an eight-channel Hewlett Packard 
instrumentation tape recorder 3968A. 

During advancement of the K* electrode into the extracel- 
lular space of the SA node, occasional large transient positive 
déflections on the K* barrel were seen. These were probably the 
result of the electrode rupturing cell membranes and exposing 
the electrode tip to the high intracellular potassium concen- 
tration. Action potentials were occasionally recorded with the 
double-barrelled electrode. The K* electrode was manipulated 
and either pulled back or advanced through the cell until a 
location was found where potential fluctuations common to both 
barrels were less than 10 mV. Time was allowed for elevated 
extracellular potassium values associated with membrane 
rupture to stabilise to values which corresponded to the approx- 
imate value of K* in the perfusate (2.7 mM). 

At many of these K* electrode positions, beat-to-beat fluctu- 
ations in extracellular potassium were recorded (Fig. 1b). These 
fluctuations had the same periodicity as the spontaneous rhythm 
as determined by the intracellular SAN recordings and the CT 
electrogram (Fig. 2). The extracellular potassium concentration 
((K*]o) increased gradually during phase O depolarisation, 
reaching a peak change in concentration of approximately 
0.05 mM which corresponded to the middle of phase 3 
repolarization. It then subsided rapidly during the last half of 
phase 3 repolarisation. and the beginning of phase 4 diastolic 
depolarisation. There was a slower decay of potassium concen- 
tration throughout phase 4 diastolic depolarisation. The maxi- 
mum peak change in K* concentration fluctuation in these 
extracellular measurements was 0.07 mM. 

While continuing to monitor beat-to-beat extracellular K* 
fluctuations, vagal stimulation was applied. This was accom- 
panied by characteristic changes in the intracellular potential 
response of the SA node. Initially, there was a hyperpolarisation 
of the maximum resting membrane potential, a decrease in the 
slope of diastolic depolarisation and a shortening of the action 
potential duration. Simultaneous [K*], measurements following 
vagal stimulation showed elevations of extracellular K* in the 
SA node of up to 0.2 mM. Following the peak accumulation, 
[K*]o returned to baseline over a period of 8—13 (Fig. 3). In 
some cases, [K*], values fell below previous baseline activity 
before returning to its original resting level. This potassium 
undershoot has previously been described by Kunze after a 


200 ms 
Fig. 2 Beat-to-beat extracellular potassium concentration 
fructuations in the rabbit SA node dunng spontancous activity 
measured by a double-barrelled K*-sensitive microelectrode. 
: Bipolar surface electrogram of the crista terminalis at an area 
shown to-be activated earliest during spontaneous simo-atrial 
conduction (CT). Transmembrane potential recording from sinus 
' node fibre (SAN). Sunultancous potassium response was measured 
by subtraction of the reference barrel from the K*-selective barrel 
(Vx). As the reference barrel has been used to compensate for the 
electrical artefacts in the extracellular space, Vx represents the 
response of the K*-seloctive barrel only to changes in the K* 
concentration. The K* electrode ıs nearly linear in its response to 
[K"]o for small accumulations seen during single action potentials. 
Zero transmembrane potential ıs indicated by the upper edge of 
the bracket of the top calibration. 2.7 mM [K*]y is indicated by the 
lower edge of the bracket of the bottom calibratron. 
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period of rapid pacing in atrial muscle** and by Kriz et al. in cat 
spinal cord after peripheral tetanic stimulation’. Both authors 
suggest that this subnormal phase of [K*], reflects active pro- 
cesses redistributing K* from the extracellular space. 

Because of the large amount of connective tissue in the SA 
node!***| beat-to-beat fluctuations were not seen for all elec- 
trode locations’. In addition, in some locations where a vagus- 
induced [K*], increase is seen, beat-to-beat fluctuations are 
either small or below the resolution of our electrode. Further- 
more, it is known that cells in the mammalian SA node are 
tightly packed’; at the point of apposition of two cellular 
membranes, the extracellular space takes the form of 100-150- 
A-wide intercellular clefts’. The tip of the double-barrelled K* 
electrode is approximately 3—4 um outside diameter. Therefore, 
the K* electrode tip must rest in an artificially distorted dead 
space". Thus, the efflux into the extracellular space where the 
electrode tip rests is substantially diluted compared with the 
normal cleft space. For a prolonged change in the extracellular 
K* activity of the tissue, the dead space would equilibrate with 
the normal extracellular concentration. However, for short- 
term fluctuations of K* activity in the intercellular cleft, the 
response measured by the K* electrode would be considerably 
smaller than the actual intercellular changes. 
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Fig.3 Accumulation of potesstum in the extracellular space of the 
sinoatrial node after vagal stimulation measured by a double- 
barrelled K*-sensitive microelectrode. CT, bipolar surface elec- 
trogram of the crista terminalis. SAN, transmembrane: potential 
recording from sinus node fibre, Following vaga! stimulation (VS), 
note the hyperpolariszation of the maximum resting membrane 
potential, decrease in the slope of diastolic depolarisation and 
shortening of the action potential duration. These events are 
coincident with the accumulation of K* in the extracellular space 
(Vx). Zero transmembrane potential is indicated by the upper edge 
of the bracket of the top calibration. 2.7 mM [K*] is indicated by 
the lower edpe of the bracket of the bottom calibration. 


In the normal physiological range of extracellular potassium 
concentration, potassium-sensitive electrodes have been repor- 
ted to show sensitivity to Ach fluctuations. (1 mM increase in K* 
is equivalent to the addition of 5x 107’ M Ach; see ref. 18.) To 
determine whether vagally induced release of Ach was affecting 
the K* electrode response, we added atropine to our experi- 
mental perfusate (0.2 to 1 mg]~*). Atropine blocks the post- 
synaptic effect of Ach but not its release. We saw no vagally 
induced K* electrode response in the presence of atropine at 
concentrations sufficient to eliminate vagally induced rate 
responses. However, beat-to-beat K* changes were still 
observed. 

Thus, we have confirmed the belief that the potassium 
permeability of the SA node pacemaker cell is increased follow- 
ing vagal stimulation. Extracellular potassium accumulation 
associated with vagal stimulation persists for several seconds 
and one must consider the possibility that this may contribute to 
membrane potential and rhythm changes after this intervention. 
Our direct measurement of beat-to-beat extracellular K* 
changes support the previously described observations made 
from voltage-clamp experiments. Beat-to-beat [K*]o transients 
seem to be linked to the repolarisation process as well as to the 
automatic phase 4 diastolic depolarisation of the sino-auricular 
node of the isolated rabbit heart. This technique may thus be 
useful in studying the behaviour and reaction of the K* currents 
of the SA node in various conditions. 
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Immunochemical demonstration of 
reversible reduction in choline 
acetyltransferase concentration 

in rat hypoglossal nucleus after 
hypoglossal nerve transection 


STUDIES of the cellular reaction of peripheral and central 
catecholaminergic neurones to axonal injury (the retrograde 
reaction and axon response) have demonstrated that such 
lesions elicit a prolonged reduction within the parent cell body in 
the activities and amounts of the catecholamine biosynthetic 
enzymes tyrosine hydroxylase (TH) and, in noradrenergic 
neurones, dopamine-B-hydroxylase (DBH). The reduction in 
enzyme protein, usually reversible, lasts for several weeks and is 
apparently due to a decrease in the rate of enzyme biosynthesis’. 
It has therefore been proposed that a reduction in amount and 
activity of neurotransmitter biosynthetic enzymes may be a 
biochemical indicator of the retrograde reaction’. However, it 
remains to be established if a reversible diminution of neuro- 
transmitter biosynthetic enzyme occurs during the retrograde 
reaction in neurones which synthesise neurotransmitters other 
than catecholamines. This is suggested from studies of the 
retrograde reaction in hypoglossal neurones, cholinergic motor 
neurones which innervate the tongue through the hypoglossal 
nerve. During the retrograde reaction elicited by lesions of the 
hypoglossal nerve, the activities of choline acetyltransferase 
(CAT), the enzyme synthesising acetylcholine, and acetyl- 
cholinesterase (AChE), the enzyme degrading it, are markedly 
reduced”. If the proximal stump of the lesioned nerve is 
allowed to regenerate and reestablish synaptic contact, AChE 
activity within the hypoglossal nucleus rapidly reappears”. It is, 
however, unknown whether the reduction in CAT activity is 
reversible and, because of a lack of specific, inhibiting antibody 
to CAT, whether the reduction is due to a decrease of enzyme 
molecules. We report here that the reduction in CAT in hypo- 
glossal neurones elicited by transection of the hypoglossal nerve 
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is reversible and also, by use of a specific antibody, that it is due 
to a decrease in the amount of CAT enzyme protein. 

All studies were carried out on adult, male Sprague-Dawley 
rats weighing 175-225 g. While the animals were anaesthetised 
with 3% fluothane in 100% O, blown over the nose, the 
hypoglossal nerve was isolated unilaterally, distal to the cricoid 
cartilage and the major bifurcation of the nerve. A 2~3-mm 
segment was excised, with special care taken to include both 
branches. At various days after surgery the animals were killed 
by cervical dislocation, and the brain was removed and dissected 
on cracked ice. The right and left hypoglossal nuclei were 
removed as a block which included parts of the dorsal motor 
nucleus of the vagus and the nucleus tractus solitarius, and 
homogenised in 50 mM potassium phosphate buffer, pH 6.8, 
containing 1 mM sodium EDTA, 200 mM sodium chloride and 
0.4% v/v Triton X-100. CAT was assayed by the radiochemical 
method of Schrier and Shuster®, and AChE was assayed by the 
method of Wilson et al.°. The identity of the cholinesterase 
activity as true acetylcholinesterase was confirmed by the 
observation of 90% inhibition of cholinesterase activity by 
2x10°’M BW 284 C51, a specific inhibitor of true acetyl- 
cholinesterase. 

Antibodies to CAT were prepared by methods described in 
detail elsewhere’*''. In summary, the enzyme was isolated from 
rat caudate nuclei and first partially purified by Sepharose 4B 
and DEAE-cellulose column chromatography, then subjected 
to polyacrylamide gel electrophoresis. The single active protein 
band was cut from the gel, suspended in 0.9% NaCl solution, 
thoroughly mixed with complete Freund’s adjuvant, and 
injected subcutaneously into rabbits every 2 weeks for a total of 
four treatments. The serum was collected one week after the last 
injection. The antibody to CAT was adjudged specific by 
demonstrating that it formed a single precipitin line when run by 
immunoelectrophoresis against crude and partially purified 
CAT from rat caudate nucleus and that the antibody inhibited 
only the activity of CAT in purified form or in brain homo- 
genates. 


Fig.1 Time course of changes in activities of CAT {closed circles) 
and AChE (open circles) in the ipsilateral hypoglossal nucleus 
following unilateral lesion of the hypoglossal nerve. Enzyme 
activity is expressed as % of mean activity in the contralateral 
control hypoglossal nucleus. Neither the activities of AChE nor 
CAT changed in the control hypoglossal nucleus throughout the 
time course studied. Each point represents the mean +s.¢.m. of 6-8 
animals. The specific activities of CAT and AChE in the left and 
right hypoglossal nuclei of control (unoperated) rats were as 
follows: CAT (left/right), 80+47/74+7nM per mg protein per 
10 min; AChE (left/right) 1.94 0.1/1.9+0.1 pM per mg protein 
per 10 min. 
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Immunotitration was carried out by adding increasing 
amounts of antiserum to CAT to 80-1 aliquots of appropriately 
diluted supernatants of rat hypoglossal nucleus homogenates. 
Aliquots of 1:1 preimmune serum diluted with distilled water 
were added to each sample to bring the final volume to 90 pl. 
The mixture was then agitated and allowed to stand for 1 h at 
room temperature with occasional shaking, incubated overnight 
at 4°C, and centrifuged at 9,150 for 10 min. A 75-ul aliquot of 
the supernatant was removed for assay of residual CAT activity. 

Other rats subjected to hypoglossal nerve lesion were per- 
fused with 10% formalin, the brains were removed, further fixed 
in Bouin’s solution and embedded in paraffin. Ten-jzm sections 
were made through the hypoglossal nucleus, stained with cresyl 
violet and then examined by light microscopy. 

Figure 1 shows changes in the activity of CAT in the hypo- 
giossal nucleus at different days after hypoglossal nerve section. 
No change was observed after 24 h, but by 3 d the activity had 
fallen to 50% of control. Five weeks after the lesion, activity had 
returned to control levels. CAT activity did not change in the 
contralateral hypoglossal nucleus. Hypogiossal nerve section 
also produced reversible changes in AChE activity, similar in 
time course to but smaller than that of CAT (Fig. 1), confirming, 
in part, the findings of others®’ 

To determine whether the transient reduction in CAT activity 
in the hypoglossal nucleus after hypoglossal nerve section was 
due to a decrease in specific enzyme protein or to an inactivation 
of pre-existent enzyme molecules, the degree of inhibition by 
antibody to CAT activity in homogenates of control hypoglossal 
nuclei was compared with that of nuclei whose hypoglossal 
nerve had been sectioned 7 d previously. The results of a typical 
experiment are shown in Fig. 2. As increasing amounts of 
antiserum were added to a fixed quantity of homogenate, CAT 
activity in the supernatant decreased. -The slopes and 
equivalence points (that is, that quantity of antibody which just 
saturates the available antigen) of immunotitration curves for 
both experimental and control hypoglossal nuclei were quite 
similar. These results indicate that the reduction in CAT activity 
in the hypoglossal nucleus following hypoglossal nerve section is 
due to a reduction in the concentration of enzyme protein. 

During the retrograde reaction, minimal changes of chroma- 
tolysis were observed in the affected hypoglossal nucleus. These 
changes consisted of a slight increase in nucleolar size -and 
darkening of chromatin. No loss of neurones was noted based on 
careful counts of neurones in randomly selected sections 
through the nucleus. ; 

The present study shows that the reduction in CAT activity in 
the hypoglossal nucleus during the retrograde reaction is 
entirely reversible. The immunotitration studies demonstrate 
that the reduction in ‘perikaryonal CAT activity following 
hypoglossal nerve lesion is a result of a diminution in the 
quantity of CAT protein rather than inactivation of the enzyme. 
This reversible reduction in enzyme protein may be due to either 
a reduction in CAT synthesis or an increase in the rate of 
degradation of the enzyme. The observation that the reversible 
reduction in DBH which occurs in central noradrenergic 
neurones is entirely due to a diminished rate of synthesis‘ 
suggests a reduction of synthesis of this specific protein. It is 
intriguing that the time courses of the reversible reductions in 
AChE and CAT activities in the hypoglossal nucleus following 
axotomy are so similar. Many studies suggest that AChE is 
transported along the axon at a very rapid rate, whereas CAT is 
transported at a predominantly slow rate*. Despite these 
apparent differences in axonal transport rates, our data suggest 
that the two enzymes may have similar control mechanisms in 
the cell body. 

Thus, like noradrenergic neurones arising in the locus coeru- 
leus’; aand central dopaminergic neurones’, injury to axons of 
the hypoglossal nerve, a cholinergic motor nerve, results in a 
reversible reduction in the capacity of the neurone to accumu- 
late the enzyme which catalyses the biosynthesis of the neuro- 
transmitter as well as the one degrading it. However, others have 
shown that in the hypoglossal nucleus during the period of 
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Fig. 2 Immunochemical titration of choline acetyltransferase in 
the hypoglossal nucleus from contro! (open circles) and experi- 
mental (closed circles) rats. The hypoglossal nerve ipsilateral to the 
experimental hypoglossal nucleus had been sectioned 7 d earlier. 
The homogenate of the contro! nucleus was diluted 1:2 so that the 
enzyme activity per unit volume was approximately equal in the 
experimental and control preparations. Note that the slopes and 
equivalence points are nearly identical, Linear regression analyss 
of cach curve produced the following equations: control, y= 
~0.065x +0 621; experimental, y = —0 066x + 0.553. 


reduction in AChE and CAT activities there is an increase in the 
rate of incorporation of labelled amino acid into protein’? as 
well as an increase in the total protein content per cell’*. Thus, 
the reduction in neurotransmitter-metabolising enzymes in 
cholinergic cell bodies is probably highly selective, involving a 
very small percentage of the total amount of protein synthesised 
in the cell body. These results and those of previous studies on 
central catecholaminergic neurones suggest that a reversible 


` reduction in transmitter-synthesising capacity in the cell body 


may be a sensitive and specific indicator of axonal damage. It 
seems likely that during the 2-4-week period following axotomy 
the first priority of the neurone is to regenerate its axons and in 
the case of peripheral neurones like the hypoglossal, to re- 
establish synaptic contacts. During this recovery phase, protein 
synthesis associated with regeneration seems to establish 
priority over protein synthesis subserving neurotransmission. 
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Membrane specialisations between 
demyelinated axons and astroglia 
in chronic EAE lesions 

and multiple sclerosis plaques 


AXOLEMMAL specialisations are known to exist along mye- 
linated fibres in the adult vertebrate central nervous system 
(CNS), particularly at nodes, between the axon and the oli- 
godendrocyte, and at presynaptic sites’. However, modified 
regions of axonal membrane have not been described in relation 
to astroglial cells. In demyelinated lesions in the CNS, it has 
always been assumed that the naked segment of an axon, 
although intimately invested by glial scar tissue, shares no 
junctional relationships with its scarring environment. This 
report documents for the first time membrane specialisations 
between naked CNS axons and fibrous astroglial cell processes, 
developing subsequent to demyelination. These structures may 
have physiological implications. 

Spinal cord tissue from two demyelinating conditions have 
been examined. First, from strain 13 guinea pigs affected with 
chronic relapsing experimental allergic encephalomyelitis 
(EAE)’, and second, from a case of chronic multiple sclerosis 
(MS), the paradigm of the human CNS demyelinating diseases’. 

Chronic relapsing EAE was induced by sensitisation of 
juvenile strain 13 guinea pigs with isogeneic spinal cord tissue in 
complete Freund’s adjuvant’. Typically, animals developed 
delayed onset neurological signs (incontinence, paraparesis, and 
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sO On) some 8-12 weeks post-inoculation (PI). These signs 
remitted, albeit incompletely, and were usually followed by 
several relapses. This clinical course is highly reminiscent of that 
of MS, for which the disease serves as a major experimental 
analogue. In the present study, five animals have been studied. 
One was sampled at the first onset of signs (10 weeks PI), three 
after a single relapse (12-24 weeks PI), and one after two 
relapses (20 weeks PI). Slices of spinal cord from L,, L+ and S; 
were obtained and processed for ultrastructural study after 
whole body perfusion with 5% glutaraldehyde buffered with 
PO,, osmication, dehydration and embedding in Epon*. Human 
CNS tissue was obtained at autopsy from a patient who had 
suffered from chronic relapsing MS for more than 20 yr, the 
autopsy being carried out some 30 min post-mortem. In the 
lumbar cord at L}, a large demyelinated plaque was grossly 
visible in the anterior column. Thin transverse slices across this 
lesion were taken and immersed in glutaraldehyde for 60 min 
and then processed as above for electron microscopy. 
Demyelinated plaques of different ages were common in 
spinal cord tissue of the guinea pig. They were usually subpial 
and displayed varying degrees of developing disease according 
to the frequency of relapses and recurrent inflammatory activity. 
Lesions were occasionally grossly visible. Chronically demyel- 
inated plaques consisted of longitudinally arranged naked axons 
invested by fibrous astroglial tissue (Fig. la). Axons were 
readily distinguishable from astroglial cell processes on the basis 
of cross-bridged neurofilaments, abundant microtubules and a 
circular profile'~. Astroglial processes were flattened, contained 
a preponderance of tightly packed filaments (not cross-bridged), 
fewer microtubules, and had a tendency to invest axons in an 


Fig.1 a, Low power electron micrograph showing a group of transversely sectioned chronically demyelinated axons from a subpial lesion in the 
lateral ccolumn of a spinal cord at L+. Note how the axons are intimately embedded in a matrix of fibrous astroglial processes. Chronic EAE, 16 
weeks PI, one relapse. x 12,000. b, Higher magnification of a demyelinated axon from a dorsal column lesion at L- shows regional enhancement 
of the axolemma due to thickening of the membrane and an associated subaxolemmal coating of granular material. In two places (arrows) 
corresponding thickening of the parallel arranged membrane of an investing astroglial cell process is shown, between which a cleft containing 
electron-dense material is present. Chronic EAE, 20 weeks PI, two relapses. 35,000. c, An astroglial process (g) separates three naked axons, 
between one of which (A) a synapse-like junction is seen. Note the vesicles in the axoplasm of the affected axon (A). Same preparation as Fig. 2. 
x 100,000. d, The axolemma of a demyelinated axon (A) above appears to form a fenestra (arrow) with the membrane of an astroglial cell process 
(g). Same preparation as Fig. 2. 200,000. 
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Fig. 2 a, Low power view of a chronic MS plaque in an anterior 
column of the spinal cord at L;. Note the intense glial scarring and 
the two demyelinated axons in transverse section. Chronic MS, 
over 20 yr duration, multiple relapses. x 12,000. b, Detail from the 
above chronic MS plaque showing two axons (A) above and below, 
one of which displays a small desmosome-like junction which 
contacts others traversing several interposing fibrous astroglial cell 
processes. A gap junction is also seen (double arrows). *60,000. 


haphazard fashion. Closer examination of the naked axons 
revealed regional densifications of the axon membrane on the 
axoplasmic side of which a narrow zone of osmiophilic granular 
enhancement was associated (Fig. 14). Not infrequently, these 
specialised regions of axolemma apposed a similar region of 
densification on the investing astroglial membrane, and between 
the two, a 20-40 nm cleft within which a floccular substance 
could be discerned. These axon-astroglial membrane special- 
isations were very common (occurring in more than 60% of 
affected axons) and were present in all chronically demyelinated 
EAE lesions. They were not seen in normally myelinated 
regions, remyelinated zones, or in areas of recent demyelina- 
tion. On two occasions, axons were seen to possess primitive 
‘synapse-like’ junctions with investing astrocytic processes (Fig. 
lc). These consisted of small desmosome-like structures in 
association with which were 60-80 nm diameter vesicles in the 
juxtaposing axoplasm. In addition, three axons were seen to 
possess fenestrae between adjacent astroglial cell processes. 
These occurred along zones of specialised axolemma where the 
membranes of the axon and the astrocyte fused to form a single 
unit membrane (Fig. 1d). Whether or not these fenestrae 
represented artefacts of sectioning remains to be elucidated by 
goniometer stage techniques (tilting). Elsewhere throughout the 
EAE plaques, a variety of junctional complexes was en- 
countered between astroglial cell processes, particularly 
desmosomes, and gap and punctate junctions. 
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In the examined MS plaque, demyelinated axons were tightly 
packed in an intense fibrous astroglial matrix (Fig. 2a). 
Membrane imperfections due to the poorer fixation conditions 
were apparent. In contrast to the EAE material, extensive 
regions of membrane specialisation between axolemmae and 
adjacent astrocytes were not seen. Instead, more than 30% of 
the axons examined were seen to contact astroglia by means of 
small desmosomal junctions—regions of membrane some 150- 
200 nm in extent beneath which were broad zones of electron 
dense granular material. Sometimes, these complexes occurred 
in short series from an axon across several investing glial cell 
processes (Fig. 25). In addition, many naked axons showed 
extensive subaxolemmal thickening, typical of that seen at 
nodes'. Synapse-like arrangements were not encountered 
between axons and astroglia. Gap junctions (Fig. 26) and small 
desmosomes were common between astroglial cell processes. 

The present observations of membrane specialisations and 
possible junctional complexes between demyelinated axons and 
scarring glial cell processes in the adult CNS are unprecedented 
in neuropathology. However, somewhat similar membrane 
specialisations have been described previously in the spinal cord 
of the mouse during development, and have been termed puncta 
adhaerentia (sic) and axoglial synapses’. These connections 
represented a transient phenomenon and were not present after 
embryonic day 15. Their appearance was speculated “to reflect 
errors in development”, although their disappearance might 
have been linked to the development of more specific 
mechanisms. These unusual thickenings might represent tran- 
sient phenomena or biological errors since they do not occur 
along normal or remyelinated fibres. The MS plaque under 
study was probably many years old (compared with the 2-6 
months of the EAE plaques), and the areas of membrane 
specialisation may have undergone some further modification 
with time. 

That these abnormal membrane relationships between axons 
and glia are the result of prolonged absence of myelin seems 
incontrovertible and they probably play some supportive role 
for the axon. However, whether they impart a compensatory 
property on the already impaired nerve fibre conduction 
remains to be established. In view of the frequent lack of 
correlation between clinical status and the extent of damage in 
the demyelinated CNS, the possibility that scarring astrocytes 
somehow unify naked fibres and are capable of participation in 
neural transmission, should be considered. Although the final 
characterisation of these junctional complexes must await 
freeze-fracture analysis’, on the basis of the frequency of these 
morphological peculiarities, retrospective examination of other 
models of CNS demyelination” will reveal whether or not these 
specialisations are features only of immune-mediated demye- 
lination. 
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Supersensitivity to the cyclic GMP 
response to 
glutamate during cerebellar maturation 


THE action of certain neurotransmitters on receptors is -asso~- 
ciated with changes in the levels of cyclic nucleotides. Cate- 
cholamines, for example, increase cyclic AMP levels in both the 
central and peripheral nervous systems’. In the adult brain the 
cerebellum contains the highest levels of cyclic GMP (ref. 2), and 
these can be altered in vivo by manipulation of excitatory 
pathways’* and intraventricular injection of y-aminobutyric 
acid or glutamate*”, and in vitro by certain amino acid trans- 
mitter candidates~’ and depolarising agents*. We show here that 
during a relatively short period in postnatal development, the 
excitatory amino acid, glutamate, elicits very large increases in 
the levels of cyclic GMP in slices of rat cerebellum, apparently 
located in the cells differentiating at this time. 

Cerebella were rapidly excised from rats (Porton strain) of 
various ages, chopped (0.4 x 0.4 mm) at room temperature using 
a Mcllwain chopper, and incubated at 37 °C in Krebs solution. 
The tissue was inactivated by boiling and, after homogenisation 
and centrifugation, cyclic nucleotides were estimated in the 
supernatant using commercial kits (Radiochemical Centre). 

On addition of glutamate, cyclic GMP levels increased to 
reach a peak after 2-5 min irrespective of age (the time course at 
8 d is shown in Fig. 1a). The extent to which they increased, 
however, was markedly age dependent. At 8d (birth = day 1), 
maximal changes occurred at a glutamate concentration of 
3 mM (Fig. 15), with levels (+8.e.m.) increasing from 0.56 + 0.07 
to 129+5 pmol per mg protein, representing a >200-fold 
stimulation. This is considerably larger than any yet reported for 
non-tumorous nervous tissue. Changes of this magnitude were 
confined to slices from 8—14-d-old rats (Fig. 2). Either side of 


Fig. 1 a, Time course and b, concentration dependence of the 
increase in cyclic GMP elicited by glutamate in slices of cerebellum 
from 8-d-old rats. Slices were preincubated (at about 1 mg protein 
ml~*) for about 1.5 h (to allow cyclic nucleotide levels to stabilise) 
in Krebs solution containing (mM): NaCl (118), KC) (4.7), CaCh 
(2.5), NaHCO, (25), KH2PO, (1.18), MgSO, (1:19) and gincose - 
(11), continuously gassed with a mixture of 95% O-/5% CO, (pH 
7.4) in flasks in a shaking water bath at 37 °C, At various times (a) 
or 5 min (b) after addition of glutamate, slices were removed using . 
a Pasteur pipette, separated from the suspending medium by 
filtration and plunged into 1ml of 50 mM Tris, 4mM EDTA 
buffer, at 100°C for 3-5 min. The interval between removal of 
slices and inactivation was <5s. After homogenisation (through 
narrow gauge needles) and centrifugation, cyclic nucleotides in the 
supernatant fluid Were measured. The protein content of the 
homogenate was estimated using the method of Lowry'*. Points 
are the mean of 4—20 experiments, except for the 15-min polnt in a 
(mean of 2). Error bers are s.e.m. where this exceeds the dimen- 
sions of the symbol 
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Fig. 2 Dependence on age. Solid circles show the cyclic GMP 
content in slices of cerebellum 5 min after the addition of gintamate 
(3mM). Open circles are unstimulated levels, which show a 
developmental pattern similar to that found in vivo in mouse 
cerebellum? aera Sera tiny ph para ee a res 
mg protein), increasing at 14d (1.4 pmol per mg protein) and 

reaching adult values by 21 d G—4 pmol per mg protein). At 1, 3 
and 5d, points show results of two experiments; at other ages, 
n= 4-20. The insert shows the corresponding levels of cyclic AMP 
(pmol per mg protein) with respect to age. Error bars are 8.¢.m. 

where this exceeds the dimensions of the symbols. 


this period, the degree of stimulation fell markedly, such that in 
the newborn it was sixfold, at 21d tenfold, and in the adult 
(70-90 d) only twofold. Cyclic ‘AMP levels also increased in 
response to glutamate, but in contrast, these were similar for all 
ages studied, and small, only about twofold (Fig. 2). 

An important consideration in interpreting these results isthe ` 
relative degree of preservation of the cells and their processes in 
the incubated slices with respect to age. The observed 
developmental pattern of the cyclic GMP response up to 21 dis 
unlikely to reflect variation in tissue damage, as electron 
microscopy of slices incubated for 1.5-2 h showed good preser- 
vation of morphology up to 21 d, but in slices from older rats, 
swelling and pyknosis in neuronal and glial structures became 
evident, suggesting that the response observed with adult slices 
may be an underestimate. 

The question arises as to the possible localisation of the 
response. In the rat cerebellum, 97% ‘of the cells are formed 
postnatally’. At 8d, cell proliferation, including that of the 
precursors of the granule cells, the most abundant cell type in the 
adult cerebellum, is extensive. The following experiments were 
carried out in an attempt to narrow down cell types possibly 
responsible for the increase in cyclic GMP. 

The dividing cells were eliminated in'vivo using the mitotic 
inhibitor hydroxyurea (HU); injection of HU at 6 d (2 mg per g 
body weight) results in an almost complete loss of the external 
germinal layer by 8 d!™!, corresponding to a 35% decrease in 
cell numbers compared with controls (in terms of DNA 
content’). In ‘slices from 8-d-old, HU-treated rats, however, 
both basal and maximal glutamate-stimulated cyclic GMP levels 
were increased by 100% and 80%, respectively, compared with 
slices from untreated rats (Table la), indicating a localisation 
predominantly in those cells undergoing differentiation as 
opposed to proliferation. 

The intracerebellar nuclei were not a major site‘of the’ 
response, as the increase of cyclic GMP levels in slices from the 
ventral two-thirds of the cerebellum (where the huclei are 
found) was similar to that in slices from the dorsal one-third (in 
which the nuclei Would be excluded) and from whole cerebellum 
(Table 15). 

In addition, if the response resided in the mature granule cells 
(excitatory interieurones), it would be anticipated (unless the 
early-maturing granule cells are unusual) that the measured 
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Table 1 Effect of removal of proliferating cells and intracerebellar 
nuclei on basal and glutamate-stimulated levels of cyclic GMP 





Cyclic GMP (pmol per mg protein) 


Basal + Glutamate 
n (3 mM) 

a Treatment 
Saline 4 1.41+0.13 167+8 
Hydroxyurea 4 2.87 +0.52 306 + 13 

b Part of cerebellum 
Whole 2 1.24, 0.84 131, 136 
Dorsal, one-third 2 1.35, 1.32 141, 142 
Ventral, two-thirds 2 0.92, 0.66 115, 132 





In a, rats were injected on day 6 either with hydroxyurea (2 mg per g 
body weight, intraperitoneally) to delete proliferating cells, or with an 
equivalent volume of saline; cerebella were used 2 d later. In b, either 
whole cerebella (8d) were chopped, and incubated as usual, or the 
dorsal one-third was separated by hand using a razor blade, and chopped 
and incubated separately from the ventral two-thirds. (The intracere- 
bellar nuclei are found in the latter part.) Data in a are given as 
mean +s.e.m.; in 6 individual results are shown. 


degree of stimulation would parallel the large increase in their 
numbers over 7-15 d after birth’*, contrary to our findings. 

Consequently, much of the glutamate-induced increase in 
cyclic GMP in the immature cerebellum is likely to originate in 
the cells formed prenatally and/or in cells formed before the 
eighth day (Purkinje cells, Golgi cells, inhibitory interneurones, 
glial cells). 

The period of maximal elevation of cyclic GMP levels by 
glutamate (8-14d) coincides with extensive morphological, 
electrical and biochemical maturation of the cerebellum’; by 
21 d, the tissue is essentially mature. Assuming the response to 
be localised in the neurones, the magnitude of the observed 
changes in cyclic GMP and their confinement to this period in 
development might have implications regarding a role for 
transmitter-induced changes in cyclic GMP in maturing 
neurones in the cerebellum, for example, in the stabilisation of 
synapses'*. We would add that this apparent ‘supersensitivity’ to 
glutamate does not extend to other putative neurotransmitters 
with action supposedly linked to cyclic nucleotide-generating 
systems. Changes in cyclic AMP levels induced by noradrenaline 
at 8 d (maximally a two- to threefold increase, J.G and R.B., in 
preparation) were similar to those reported for the adult'*’® 
and, in contrast to the action of acetylcholine in slices of adult 
rabbit cerebellum'’, the cholinergic agonist, carbachol, at 
concentrations of up to 1 mM, produced no significant change in 
cyclic GMP levels in slices of rat cerebellum at 8d (J.G. and 
R.B., in preparation). 
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Calcium-dependent pretein 
phosphorylation during 
secretion by exocytosis in the mast cell 


IN many secretory cells materials destined for secretion are 
packaged in membrane-limited granules and are extruded by 
exocytosis’. This process is known to require metabolic energy 
and calcium*~. Calcium probably acts as a common mediator in 
stimulus-secretion coupling’, but the molecular mechanisms 
involved are unknown. Increasing evidence that many 
physiological processes are regulated by phosphorylation of 
proteins’ has led to the suggesticn that calcium-dependent 
phosphorylation of proteins may be involved in secretory 
responses*'*. We have sought evide ice for this possibility in the 
mast cell, the rapid and extensive secretory activity of which 
conforms to the general pattern 0 exocytosis dependent on 
energy and calcium*'**°. Here we report a rapid phos- 


A23187 


None Mg** 


None 48/80 
ca (Cay. 


Secretagogue 
Divalent cation 
Origin 
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100 
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Molecular weight ( x 10> *) 


Fig. 1 Effect of 48/80 and A27187 on endogenous phos- 
phorylation of mast cell proteins. Peritoneal mast cells derived 
from 15 Sprague-Dawley male rats ~400 g) were collected and 
purified as described previously”. Mast cells (80-90% purity, 
1.5 10° cells ml~') were preincusated in a standard buffer 
(HEPES 5 mM, pH 7.0, NaCl 150 mM, KCI 5 mM and glucose 
5.5 mM) in the presence of CaCl, 1 mM, 0.1% bovine serum 
albumin and 0.75 mCiml! ' carrier-free “*P-phosphate (NEN, 
9120 Cimmo!”') for 1h at 37°C. The cells were centrifuged at 
180g for 5 min at 4 °C and resuspenced in 5 ml standard buffer in 
the presence of 0.1 mM EGTA. The cells were centrifuged twice 
more, each time followed by a resuspension in the standard buffer 
Mast cell suspensions (0.2 ml) were ntroduced into plastic tubes 
containing 48/80 1 wg ml’, A23187 1 yg ml‘, calcium 1 mM or 
magnesium 1 mM, in 0.1 ml standard buffer. Following 1 min 
incubation at 37 °C, 150 ul of a stop solution (10% sodium dodecy! 
sulphate (SDS; w/v), Tris-HCl 100 mM, pH 7.4, B-mercapto- 
ethanol 5 mM, sucrose 0.1 g ml‘ and bromophenol blue tracking 
dye 0.02 mg ml ') was added and the tubes were placed in a boiling 
water bath for 2 min. Electrophoresison 10% polyacrylamide gels, 
protein staining of the gels, and autoradiography were carried out 
as described previously’. All radioactive bands disappeared after 
treatment of the samples with pronase but not with ribonuclease, 
using conditions described previousl/'*, and thus represent phos- 
phoproteins. The apparent molecular weights of the phos- 
phorylated protein bands indicated by the arrows (78,000, Pg; 
68,000, Peg: 59,000, Ps9; 42,000, Py.) were determined by cali- 
brating the gel with standard protein; of known molecular weight. 
Degranulation, used as a measure of mast cell secretion, was 
monitored by light microscopy” 
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phorylation of several proteins in rat peritoneal mast cells 
stimulated to secrete either by the classic mast cell secretagogue 
48/80 (refs 15 and 21-23) or by the calcium ionophore A23187 
(refs 22-25). 

Purified rat peritoneal mast cells, which had been prein- 
cubated for 1 h with *’P,, were incubated for 1 min with 48/80 or 
A23187 in the presence or absence of calcium or magnesium. 
The cells were then dissolved in sodium dodecyl sulphate and 
subjected to polyacrylamide gel electrophoresis (PAGE) and 
autoradiography. Addition of compound 48/80 1 yg ml”, 
which caused extensive degranulation of the mast cells within 
1 min, resulted in an increased phosphorylation of four proteins 
(of apparent molecular weights 78,000, 68,000, 59,000 and 
42,000) (Fig. 1, compare lanes 1 and 2). This change in phos- 
phorylation elicited by 48/80 did not require the presence of 
extracellular calcium (Fig. 1, lane 3). In these experiments, mast 
cell secretion elicited by 48/80 also occurred in the absence of 
calcium, in agreement with evidence that this secretagogue acts 
largely through mobilisation of intracellular calcium’***7*”°, 
The general pattern of phosphorylation seen in response to 
48/80 was highly reproducible (14 experiments), although the 
increase in radioactive phosphate incorporated into these four 
proteins varied from one experiment to another. The phos- 
phorylation of several other proteins was sometimes influenced 
by 48/80 (and A23187), but this effect was not consistent. 


Fig. 2 Phosphorylation of mast cell proteins as a function of 
incubation time with 48/80 (a) or A23187 (b). Mast cells (0.2 ml), 
isolated and purified as described in Fig. 1, were introduced into 
plastic tubes containing either 48/80 Iygml”™’ or A23187 
1 pg ml’, in 0.1 ml standard buffer containing calcium 1 mM. At 
the times indicated, 150 yl of stop solution was added and the 
phosphorylation of mast cell proteins was analysed by SDS-PAGE 
and autoradiography“. The amount of ““P-phosphate 
incorporated into four proteins, P7g (O), Pes (A), Pso (@) and Pa: 
(7), was determined by scanning the autoradiographs with a 
Canaico G-H microdensitometer. The results are expressed in 
arbitrary units””. Results qualitatively similar to those shown here 
were obtained in four other experiments. 


301.9 P 
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32P_ phosphate incorporation into mast cell proteins (arbitrary units) 
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Phosphorylation of the proteins with apparent molecular 
weights of 68,000, 59,000 and 42,000 was evident within 10 s 
after addition of 48/80, whereas phosphorylation of the 78,000 
protein was not evident until 30-60s after addition of the 
secretagogue (Fig. 2). After being maximally phosphorylated, 
these four proteins displayed different rates of dephosphoryl- 
ation. The fact that compound 48/80 binds almost exclusively to 
receptors on mast cell membranes” indicates that the proteins 
phosphorylated in response to this secretagogue are derived 
from mast cells rather than from other contaminating peritoneal 
cells (10-20% ). 

As in the experiments with 48/80, mast cells incubated with 
A23187 1 pgml™“ in the presence of calcium 1mM showed 
increased phosphorylation of the proteins with apparent mole- 
cular weights of 68,000, 59,000 and 42,000 (Fig. 1, compare 
lanes 1 and 4). When calcium was omitted from the incubation 
medium, A23187 had a diminished effect on the phos- 
phorylation of these proteins (Fig. 1, lane 5). In the absence of 
calcium, mast cell secretion was also diminished, in agreement 
with studies demonstrating only a feeble stimulant effect of 
A23187 on secretion under similar conditions****. The residual 
effect on mast cell secretion and on protein phosphorylation 
seen with A23187 in calcium-free medium was abolished by 
magnesium (Fig. 1, lane 6). Magnesium has been shown to 
reduce residual mast cell secretion in a low calcium medium”, 
The phosphorylation of the 78,000 band was decreased by 
A23187 both in the presence and in the absence of calcium but 
not in the presence of magnesium (Fig. 1). The time course of 
phosphorylation and dephosphorylation of the 68,000, 59,000 
and 42,000 proteins (but not that of the 78,000 protein) in 
response to A23187 and calcium was generally similar to that 
observed in the presence of 48/80 (Fig. 2). 

These results demonstrate that both 48/80, which is thought 
to mobilise calcium from intracellular stores, and A23187, 
which promotes entry of calcium into the cell, stimulate the 
phosphorylation of the same proteins at a time when the 
secretory response is still developing. Calcium-dependent pro- 
tein phosphorylation may therefore be involved in stimulus— 
secretion coupling. As yet, however, the evidence that the two 
phenomena are causally linked is only suggestive. 

This work was supported by the USPHS. W.S. is a fellow of 
the Max Kade Foundation. 
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Bromocriptine-induced inhibition of 
plasma dopamine, noradrenaline 
and adrenaline responses to LH-RF 


IN addition to their regulatory role on pituitary hormones, 
hypothalamic-hypophyseal regulatory hormones may function 
in brain as neurotransmitters. Thus, in addition to the consider- 
able evidence in laboratory animals suggesting that the release 
of luteinising hormone releasing factor (LH-RF) is regulated by 
brain amines’, further evidence suggests that LH-RF may 
function at central nervous system synapses. It is found within 
synaptosomes and vesicle-like structures in various areas of 
brain’; it influences animal behaviour through a direct action in 
brain’, and microiontophoretic applications of LH-RF to 
neurones in the mediobasal hypothalamus and preoptic area are 
associated with prominent short-term changes in neuronal exci- 
tability, the most frequently observed effect being decreased 
excitability“. It has been suggested that axon collaterals within a 
putative peptidergic neuronal network may function in feedback 
circuits regulating activity of the tuberoinfundibular system and 
to inform other brain regions about the activity of this system. It 
seems reasonable to speculate that LH-RF release from such 
peptidergic neurones may act as a neurotransmitter or modula- 
tor to regulate the activity of certain central aminergic neurones. 
Thus, we examined the effects of LH-RF on plasma cate- 
cholamines in normal men, and found a rapid decrease in plasma 
concentrations of dopamine, noradrenaline and adrenaline (Fig. 
1). Furthermore, bromocriptine, a dopamine receptor agonist, 
entirely prevented this depressant effect of LH-RF on plasma 
catecholamines. 


In men kept supine for 2 h in the absence of bromocriptine, . 


basal plasma concentrations of dopamine, noradrenaline and 
adrenaline were 58+ 1 (mean+s.e.), 273 +3 and 92+4 pg ml’, 
respectively. These are similar to values we have reported 
elsewhere*’. LH-RF produced rapid decreases in plasma 
concentrations of all three catecholamines (Fig. 1). Plasma 
concentrations of dopamine, noradrenaline and adrenaline 
5 min after LH-RF administration were 65 +3,77 +3 and 48+ 
2% of the pre-LH-RF basal levels, and 20 min after LH-RF, 
decreased further to 34+3,35+1 and 24+0.5% of basal levels. 

We have reported elsewhere that bromocriptine decreases 
plasma concentrations of dopamine, noradrenaline and 
adrenaline’. However, 4h after bromocriptine administration, 
plasma concentrations of all three catecholamines had returned 
to basal levels. LH-RF administered at this time failed to 
suppress plasma concentrations of dopamine, noradrenaline 
and adrenaline (Fig. 1). Thus, bromocriptine interfered with the 
effect of LH-RF on plasma catecholamines at a time when its 
own effect on catecholamine release had apparently ended, 
although its effect on serum prolactin was still present. 

Bromocriptine seems to produce many of its effects through 
an action on dopamine receptors*. Although evidence has been 
presented for an action on postsynaptic dopamine receptors’, 
more recent evidence supports an effect on presynaptic recep- 
tors’, We have suggested that bromocriptine may decrease 
plasma catecholamine concentrations by an action on presy- 
naptic receptors of unknown central catecholaminergic 
neurones mediating sympathetic outflow, although a similar 
action on peripheral neurones could not be ruled out’. 

It seems reasonable to speculate that LH-RF may act in a 
manner similar to that of bromocriptine. Alternatively, LH-RF 
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Fig.1 Plasma dopamune, noradrena_ine and adrenaline responses 
to LH-RF in the absence (@) and presence (O) of bro 

Studies were carried out in three normal men, aged 36, 38 and 50 
yr An indwelling intravenous canna was inserted into an ante- 
cubital vein of each subject on two occasions, with the subjects 
supine after fasting for 14 h Blood (12 ml) was sampled for plasma 
catecholamines and serum prolactn, LH and FSH on each 
occasion, 1 and 5h after cannula insertion and before admunzs- 
tration of LH-RF. Subjects remained supine during this period 
except for a 5-muin period of standing, 2 h after cannula insertion. 
LH-RF, 100 wg, was administered mtravenously as a boius and 
blood was sampled further, 5, 20, 60 end 120 min later On the first 
occasion, bromocriptine had been taken orally 2.5 mg daily for 3 d, 
then 2.5 mg qi2 h for another 4 d. A final dose of bromocriptine 
was administered 1h after cannula msertion, that is, 4h before 
LH-RF. On the second occasion, no tromocriptine had been taken 
for 2 weeks and none was administ=red dunng that part of the 
study. This allowed compamson of the plasma catecholamine 
response to LH-RF in the presence aad absence of bromocriptine. 
Blood (2 ml) for catecholamine assay was transferred to tubes 
contaimng 4 mg of dithiothreitol ard 20 ul of EGTA solution, 
100 mg ml~*. Plasma was ,Paratec and stored at —70°C unti 
assay for catecholamines’. a, Dopamine; b, noradrenline; c, 
adrenaline. “P<0.01, significantly different from basal level. 

™ P<0.0C1. 


might act on presynaptic -eceptors of peripheral 
catecholaminergic . neurones to decrease plasma 
catecholamines. It might act on dopamine receptors’! or a- 
adrenoreceptors’? to inhibit ncradrenaline release from 
noradrenergic neurones as we discussed for bromocriptine’. It 
might also decrease dopamine release from peripheral 
dopaminergic or noradrenergic neurones. LH-RF-induced 
depression of adrenaline release, most of which probably comes 
from the adrenal medulla, is mo-e difficult to explain by a 
peripheral rather than a central mechanism. If the LH-RF effect 
on plasma adrenaline is centrally mediated, it seems more 
probable that the effects on plasma dopamine and noradrenaline 
are also mediated centrally rather rhan peripherally. 

Further support for the suggesticn that LH-RF may decrease 
plasma catecholamines by acting directly on presynaptic recep- 
tors of catecholaminergic neurones is provided by our obser- 
vations that bromocriptine pre-ents the LH-RF-induced 
depression of plasma catecholaminss. Bromocriptine interfered 
with this effect of LH-RF at a time when its own effect on plasma 
catecholamines had ended. However, as the effect of bromo- 
criptine on serum prolactin levels persisted at this time, it is 
possible that it still occupied dopamine receptors. 

Further evidence that LH-RF may act on central cate- 
cholaminergic neurones is provided by our observations in rats 
that LH-RF decreased hypothalamic dopamine-f-hydroxylase 
activity (G.R.V.L. and R. Mascardo, unpublished). 

In addition to its well known effects on serum LH and FSH, 
LH-RF-increased serum prolactin :n our normal men (Table 1). 
Such an effect might be mediated directly on anterior pituitary 
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Table 1 Serum prolactin, LH and FSH responses to LH-RF in the absence and presence of bromocriptine 


Prolactin (ng ml *)* LH (mU wF FSH (mU mi `P 
Time (min) Control Bromocriptinet Control Bromocriptnet Control Bromocriptinet ` 
Pre-~-LH-RFt 3.9+0.2 <2.0 2.2+0.2 2.3+0.2 1.9+0.2 2.10.2 
LH-RF$ 
+20 5.7+0.6] <2.0 13.9+0.9 ' 13.643.5 4.6+0.4] 31+0.2 
+60 5.20.71 <2.0 10.4+ G 129724 3.6+0.1 3.6+0.7 
+120 4.0+0.3 <20 6.6+1.1 7.2+13 3241.0 3.7404 


* Serum prolactin, LH and FSH were assayed by standard radioimmunoamay methods described elsewhere. All values are concentration 


means + $.¢.m. 
t Bromocriptine 2.5 mg administered orally 240 min before LH-RF. 


+ All Pre-LH- RF values are pooled means of 18 determinations, six samples taken at intervals during the 4 h before LH- LRF adininistration from 


each of tbe three subjects. 
$ LH-RF, 100 ug, was administered as an intravenous bolus. 


| Significantly different from Pre-LH-RF concentration at P < 0.05 using analysis of variance and Duncan’s multiple range test. P 


cells or indirectly in the median eminence. If LH-RF inhibits 
dopamine release from tuberoinfundibular dopaminergic 
neurones, as speculated above for catecholamine neurones 
generally, and dopamine acts to inhibit prolactin secretion, then 
increased prolactin secretion could be expected following LH- 
RF administration. Bromocriptine prevented this LH-RF- 
induced increase in serum prolactin, providing another parallel 
with the interference of LH-RF-induced effects on plasma 
catecholamines. There were no apparent effects of bromo- 
criptine on the plasma LH and FSH responses to LH-RF. 

If the effects of LH-RF on plasma catecholamine concen- 
trations are mediated through presynaptic receptors as sugges- 
ted above then the presynaptic receptor mechaniams involved 
must be functionally intact to produce a normal response. Thus, 
the plasma catecholamine response to LH-RF may provide an 
index of normal function of certain catecholaminergic neurones 
in man. As a corollary, dysfunction of certain catecholamine 
neurones might be demonstrated by abnormal plasma cate- 
cholamine responses to LH—RF. Support for this hypothesis is 
provided by the demonstration that in contrast to normal men, 
patients with acromegaly show no changes in plasma dopamine, 
noradrenaline or adrenaline following LH-RF administration’”. 
Thus, acromegaly may represent a disorder of catecholaminer- 
gic neurones. Furthermore, the plasma catecholamine response 
to LH-RF may prove useful as a test of catecholaminergic 
dysfunction in a wide variety of disorders such as Parkinson’s 
disease, essential hypertension, autonomic neuropathies and 
poorly defined hypothalamic disorders. 
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New structural concepts for 
narcotic antagonists | 
defined in a 4-phenylpiperidine series 


NARCOTIC antagonists are generally considered as N-methyl- 
cyclopropyl or N-allyl (for example, nalorphine) type deriva- 
tives of N-methyl (for example, morphine) agonists. This type of 
substitution has often been considered necessary for potent ° 
narcotic antagonist activity'*. However, in the 4-phenyl- 
piperidine series (as in meperidine) where a methyl substitution 
on the nitrogen has been associated with agonist activity, the 
substitution of an N-ally] derivative has not produced narcotic 
antagonists’*. There are compounds, such as L-metazocine®”’ 
and profadol*, which contain a methyl-substituted basic 
nitregen, and possess narcotic antagonist properties, but these 
are also agonists and their antagonist activity is relatively weak. 
During the pharmacological investigation of a new series of 
phenylpiperidines we discovered an N-methyl derivative that 
was a pure narcotic antagonist devoid of agonist effects. We also 
observed that nitrogen substituents that had increased agonist 
potency in the meperidine series? when substituted in 
compounds of the present series surprisingly augmented 
antagonist potency to. the level observed with naloxone’. 
Examination of the inhibition of specific >H-naloxone binding of 
these derivatives in bovine striatal membranes demonstrated 
that their relative potency was due to differences in receptor 
interaction. We used the most potent member of the series to 
study its stereoselectivity. We report here the structure—activity 
relationships of some 1,3,4-trialkyl-4-phenylpipendines that 
clearly demonstrate the importance of a 3-methyl substituent in 
contributing narcotic antagonist properties within the phenyl- 
piperidine series as a whole. These compounds may well 
represent the first new class of pure narcotic’ antagonists since 
the discovery of naloxone. 
HO 


E R, 


Narcotic antagonist measurements for the 1,3,4-trialkyl-4- 


phenylpiperidine series are shown in Table 1. The ADs (dose 


that reduced the ‘morphine response by 50%) for the N-methyl 
compound (I) was 0.24 mg per kg in rats and 1.0 mg per kg in 
mice. These values are comparable to the ADs values- for 
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nalorphine of 0.4 mg per kg and 0.45 mg per kg in rats and mice, 
respectively. The allyl (II) and methylcyclopropy] (I) substitu- 
tion did not increase the antagonist potency, as might have been 
expected in a multicyclic series (for example, morphinan* and 
benzomorphan’®’). There ws an increase in antagonist potency 
when the N-methyl was changed to N-f-phenethyl (IV) or 
N-2-propiophenone (V). Antagonist potency of the N-pro- 
piophenone derivative (V) was comparable to that of naloxone. 
Resolution of the 2-propiophenone (V) into its (+}-isomer (VII) 
and (~—)}-isomer (VI) provided only partial separation of activity, 
as both were antagonists, with the (+)}-isomer being 2-6 times 
more potent than the (~}isomer. 

The 1,3,4-trialkyl-4-phenylpiperidines (Table 1) were pure 
antagonists as judged by the following observations. They were 
without measurable narcotic agonist activity (analgesia) at 
100 mg per kg, given subcutaneously (s.c.), in the mouse writh- 
ing analgesic test, where compounds with mixed 
agonist/antagonist activity (such as nalorphine) exhibit anal- 
gesic effects (method previously described*'). More convinc- 
ingly, in an im vitro measurement sensitive to narcotic agonist 
effects and free of the influence of metabolism, the N-pro- 
piophenone (V) was without measurable narcotic agonist 
effects. This lack of effect in vitro was on the twitch height of the 
electrically stimulated longitudinal muscle of the guinea pig 
ileum (method previously deacribed*'). Compounds with mixed 
agonist /antagonist properties depress the twitch height in rela- 
tion to the potency of their agonist effects, whereas pure 
antagonists (such as naloxone) show negligible depressant 
effects’°. Compound V, like naloxone, lacked agonist activity at 
10 pg mi~’, but completely antagonised. the narcotic agonist 
effects of morphine at a concentration of 10 ng mI”. 
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The increase in antagonist potency observed when the N- 
methyl is changed to N-propiophenone is particularly interes- 
ting because this substitution is kmown to enhance agonist 
activity in the meperidine and prodine series”. Table 2 shows the 
receptor affinities of these 1-alkyl-f-3,4~-dimethyl-4-phenyl- 
piperidines as measured by their inhibition of “H-naloxone 
binding to bovine striatal membrane homogenates in the 
presence and absence of NaCl. The renk order of the ICs values 
for compounds I-V closely parallels the observed in vivo 
antagonist potencies given in Table 1. The N-methyl (I), N-allyl 
(II) and N-methylcyclopropyl (MI) derivatives all had relatively 
high IC4q values. However, substitution of the N-methyl group 
by either the N-8-phenethyl (IV) or N-2-propiophenone (V) 
groups resulted in a 100-fold increase in competitive binding, 
comparable to that of nonradioactive naloxone. The °H-nalox- 
one binding of these derivatives was essentially unchanged in the 
presence of NaCl, confirming their binding to be that of a 
narcotic antagonist’. 

The importance of the methyl at position 3 on the piperidine 
ring is shown in Table 1. Compound IX, a reported narcotic 
agonist’? lacking the 3-methyl moiaty, is devoid of narcotic 
antagonist activity. Table 1 also shows the structural specificity 
of the antagonist activity in that the 3 a-methyl isomer (VII) 
(cis-3-methyl, 4-methy]) is about 50 imes less active than the 3 
-methyl isomer (I) (trans-3-methyl, 4 methyl). The significance 
of the 3-methyl substitution is further indicated in Table 1. 
A methyl substituted on the positon of the ketobemidone 
molecule provided a weak antagonis (X), which contrasts shar- 
ply with the potent agonist effects of ketobemidone™. The 
3-methyl ketobemidone derivatve (X) is a mixed 
agonist/antagonist producing inhibition of writhing (analgesia) 


Table 1 = 1,3,4-trialkyl-4-phenyiprperidimes and their narcotic antagonist activities 


R; R2 
I CH, CH, 
O CH CH=CH; CH; 
m. CH,—<] CH, 
IV CH CH,Ph CH, 
V CH.CH, (+ tsomer) CH, 
VI CHCH: (—isomer) CH, 
VO CHCH: (+ isomer) CH3 
Vil 4 CH, 
IX CH, CH, 
X CH, j A 
XI CH, Ne 
Pentarocine 
Nalorphine 


Antagonist activity 
Aso (mg per kg, s.c.) 
Configuration . Rats 
p* 024 1.0 
B 047 0.98 
8 072 0.72 
B 0.11 0.14 
B 0.056 0.049 
B 0.050 0.14 
B 0 023 0.025 
at 33 39 
—ł None None 
B 21 38 
8 62 9.9 
20 14 
0 40 0.45 
0 022 0.079 





Compounds I-VII were prepared in a multiple-step 


from 3- ylacetone. The isomeric configurations were 


procedure starting 

confirmed by X-ray crystallography and “°C-NMR analysis. Compounds IX (ref. 13), X (ref. 16) and XI (ref. 17) were synthesised by modified 
published procedures. Water-soluble salts were prepared in all instances. The ability of cach test compound to reduce the opiate effect of morphine 
was measured in mice by determining the antagonism of the morphine-induced Straub tail and increased locomotion. Fasted male Cox Standard 
albino mice (17-21 g) were used. Morphine sulphate was administered at 40 mg per kg, s.c., and the presence or absence of the Straub tail and 
increased locomotion were noted and scored 15 min later. The test antagonist was administered s.c. at various doses 15 min before the morphine 
sulphate. The ability of the test compound to reduce or antagonise the analgesic effect of morphine was measured ir the rat tail beat analgesic tost 
(previously described *°). The only change in the method was to increase the stimulus by using 7 A currents in the heating wire. We routinely measured 
the analgesic effect of morphine sulphate 10 min after the s.c. admmistration of 10 mg per kg. The elevations in reactior time following morphine were 
25—8.6 s, with the average of 24 groups being 4.8 s. The test antagonist was edministered s.c. at various doses 20 min before the morphine sulphate. 
The increase above controls for the morphine group was compared to the group receiving both morphine and the antegonist, and the % reduction in 
the morphine response determined. The ADs value, determined by “the use of the regression line in reverse” t wes the dose required for a 50% 
reduction in the response to morphine. 

* trans-3-methyl, 4-R. 

t as-3-methyl, 4-R. 

+ Compound IX lacks the 3-metiryl group. 
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Table 2 Inhibition of *H-naloxone binding by 1l-alkyl-8-3 ,4-dimethyl- 


4-phenylpiperidines in the presence and absence of NaCl 


Concentration of compound at 


50% inhibition (ICso, nM) Na shift 
Compound +NaCl —NaCl (+NaCl/—NaCl) 

I 50 100 0.5 

Il 60 90 0.7 
IH 60 60 l 

IV 0.4 1.5 0.3 
V 2 l 2 

Naloxone 1.2 1.6 0.8 
Levorphanol 60 2 30 


Bovine striatal membranes of 0.6 mg protein were incubated at 24 °C 
for 15 min in 1 ml of 100 mM Tris-Cl, pH 7.4 buffer containing 2 nM 
*H-naloxone (38 Cimol”', NEN) and 100mM NaC! as indicated 
Samples were centrifuged at 1,085g for 10 min. Radioactivity in the 
pellet was determined by a liquid scintillation method. The ICs» value 
was obtained by plotting % inhibition against a 4-decade change in 
concentration of each compound in a semilog plot. Specific binding of 
*H-naloxone was defined as the difference in binding between samples 
with and without 1 uM naltrexone. In control samples, *H-naloxone was 
specifically bound to bovine striatal membranes at 40.8+1.5 anc 
119.7 + 2.6 fmol per mg protein in the absence and presence of 100 mM 
NaCl, respectively. Other experimental conditions were followed 
according to published methods’”. 


in mice at 10 mg per kg, s.c. Hydroxylation of the pheny! in 
B-prodine, a compound already possessing the appropriate 
3-methyl, changed this potent agonist'* into a narcotic 
antagonist (XI) with a greater potency than that of pentazocine, 
but lacking measurable agonist activity. 

In summary, we report here the discovery of several novel 
phenylpiperidines which are potent narcotic antagonists without 
measurable agonist properties. We believe that this defines a 
new class of narcotic antagonists in which the 3 position of the 
piperidine ring rather than substitution at the nitrogen is the 
area critical for determining antagonist activity. 

We thank Bud Cantrell for compound synthesis, Bill Kurtz, 
John Henderson and Henry Miles for technical assistance, Endo 
for naloxone hydrochloride, and Sterling Winthrop for 
pentazocine. 
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Viral sequences related to a human 
skin papillomavirus in genital warts 


GENITAL WARTS (condylomata acuminata) are benign 
tumours which are mostly venereally transmitted’; their malig- 
nant conversion has been observed only rarely (see refs 2, 3 for 
reviews). Typical viral particles, long believed to be those of the 
human papillomavirus (HPV) found in skin warts*, were obser- 
ved irregularly in these lesions*”. Epidemiological’ and serolo- 
gical” data, as well as molecular hybridisation experiments 
showing the absence of DNA sequences homologous to skin 
HPV DNA in condylomas*”, have raised the possibility that 
these lesions are due to a distinct HPV. However, the demon- 
stration of at least four distinct HPV types in skin lesions'””’* 
requires a reexamination of this problem. We have identified 
four types of HPV showing little, if any, DNA sequence 
homology and distinct serological properties: HPV type 1 
(HPV-1) associated with deep plantar warts'*, HPV type 2 
(HPV-2) isolated from common warts’’, HPV type 3 (HPV-3) 
found in flat warts and in flat wart-like lesions of patients 
suffering from epidermodysplasia verruciformis (EV)'* and 
HPV type 4 (HPV-4) isolated from morphologically distinct EV 
lesions (reddish or pityriasis versicolor-like plaques)'*. HPV-4 is 
found more frequently than HPV -3 in patients with EV showing 
a malignant conversion of some lesions’***. We report here 
RNA-DNA hybridisation data indicating that genital warts are 
associated with an HPV showing little, if any, DNA sequence 
homology with HPV-1, HPV-2 and HPV-3 and a low extent of 
homology with an HP\-4 isolate taken as prototype in previous 
studies". 


Fig. 1 Agarose gel electrophoresis of DNAs extracted from 
genital warts. Warts obtained from seven patients (Table 1) were 
processed according to a modified Hirt method'*"'*. Minced tissues 
(0.3-1 g) were incubated in 10 ml of 0.01 M Tris, 0.01 M NaCl, 
0.01 M EDTA, 0.5% SDS containing 50 ug ml ' of proteinase K 
(Merck). After a 6 to 10 h incubation at 37 °C, NaCl concentration 
was adjusted to 1 M, and the mixtures were kept at 4 °C overnight. 
Supernatants were extracted twice with phenol and DNAs were 
ethanol-precipitated and redissolved in 0.5-1 ml of 0.01 M Tris, 
0.001 M EDTA, pH 7.9. Yields of DNA ranged from 0.04 to 1 mg 
as determined by absorbance at 260 nm. DNAs (30-300 yg per 
slot) were fractionated by electrophoresis in vertical 0.8% Agarose 
slab gels (0.04M Tris, 0.02M ammonium acetate, 0.002M 
EDTA, pH 7.8) for 20 h at 30 mA, taking HPV-1 form I, IL and ITI 
DNA as standards (10 ug DNA per slot). Gels were stained in 
Sygml' ethidium bromide and electropherograms visualised 
under UV light, as shown for the DNAs extracted from genital 
warts of patients N.M. (a), W.K. (b) and M.B. (e) and for HPV-1 
form I, II and III DNA (c, d). The slower migration of the genital 
wart HPV DNA is probably due to the high viscosity of the 
samples. 
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Fig. 2 Electron micrographs of circular HPV DNA molecules 
obtained from genital warts. DNAs were selectively extracted from 
lesions of patients W.K. (a), W.L. (b) and M.B. (c) and further 
purified by Agarose gel electrophoresis as described in the legend 
to Fig. 1. Bands with a mobility comparable to that of HPV-1 form 
I DNA molecules were sliced from the gel and DNA was eluted 
electrophoretically, mounted on collodion-coated grids, Pt-Pd 
shadowed and observed with a Siemens Elmiskop 101 electron 
microscope ~. The arrow indicates a molecule of replicative form 
of ®X174 phage DNA (#X174 RF DNA), taken as length stan- 
dard. The bar represents 0.5 yum. 


The present study was carried out with genital warts obtained 
from seven patients (Table 1). Because the low virus content of 
lesions”? precluded virus purification, viral DNA was extrac- 
ted selectively from the tissues'**'* and purified by Agarose gel 
electrophoresis’* (Fig. 1). Four of the DNA preparations did not 
yield detectable bands (Fig. la). However, preparations 
obtained from patients W.K., W.L. and M.B. showed bands 
migrating slightly more slowly than those of HPV-1 form I, II or 
III DNA (Fig. 1b-e). Circular DNA molecules of about 2.5 um, 
typical of HPV DNAs'® (Fig. 2), were observed in electro- 
phoretic eluates of the bands corresponding to form I DNA. 
This result is in contrast to the previously reported failure to 
demonstrate the presence of a distinct papova-like circular 
DNA in condylomata acuminata’. Comparable length dis- 
tributions were found for W.K. and M.B. HPV DNAs purified 
by Agarose gel electrophoresis (Fig. 3a, c) and for W.L. HPV 
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DNA molecules found in total DNA (Hirt supernatant) (Fig. 
3b). The lengths of W.K., M.B. ard W.L. HPV DNAs were 
1.493+0.08, 1.439+0.07 and 1.4€2+0.08 ®X174 RF DNA 
units, corresponding to 8,025, 7,735 and 7,860 base pairs, 
respectively. Molecular weights infe-red from these values (5,2~ 
5.3 x 10°) are clmo those determinec for the DNAs of the HPVs 
so far identified'?"*, A second pepulation of circular DNA 
molecules, about 5.1 wm long, was observed in the total W.L. 
DNA preparation (Fig. 36). This could represent either HPV 
DNA dimers or, more probably, mitochondrial DNA mole- 
cules”. 


No. of molecules 





LLL LI LST 263.034 L3L517 
DNA molecule length (®X174 units) 


Fig. 3 Histograms of the lengths of genital wart HPV DNA 

molecules. DNA selectively extracted from lesions (b, W.L.) and 

further purified by Agarose gel electrophoresis (a, W.K.; c, M.B.) 

(see legend to Fig. 2) were mixed with®X174 RF DNA molecules. 

Contour lengths of relaxed circular molecules were measured on 

electron micrographs and expressed es fractional length of ®X174 
RF DNA”, 


Total DNA from genital warts, as well as purified form I DNA 
preparations (W.K. and M.B. HPY DNAs), were hybridised 
with RNAs complementary (CRNAs;) to HPV-1, HPV-2, HPV- 
3 or HPV-4 DNAs’*""*, In these cenditions’*’*?°, 50-60% of 
the radioactivity bound to the fitters after hybridisation of 





Table 1 Search for DNA sequences homologous to skin HPV DNAs in DNA extracted from genital warts 





Location of DNA on 
Patients lesions filters 
W.K. (M, 28) Meatus Total 
Eluate 
M.B. (M, 26) Glans, prepuce Total 
Eluate 
W.L. (M, 26) Prepuce Total 
N.M. (M, 44) Meatus, prepuce Total 
W.B. (M, 64) Prepuce Total 
B.B. (M, 30) Groin, anus Total 
M.K. (F, 24) Vulva Total 
HPV-1 
HPV-2 
HPV-3 
HPV-4 
Thymus 
Liver 


Radioactivity bound on filters ("bo ) 
after hybridisation with labelled RNAs 
complementary to the DNAs of 


HPV-1 HPV-2 HPV-3 HPV-4 
0.1 0.5 0.4 7.3 

—0.3 0.1 —{(),3 8.8 
0.1 —0.3 —{) 4 4.2 
0.3 0.2 0.1 5.1 
0.1 0.9 1.1 4.9 
0.3 0.1 1.] 3.6 
0.2 1.0 0.8 5.5 
0.5 0.4 0.5 3.5 
0.5 0.3 0.3 5.0 

55.9 0.3 0.1 0.3 
0.2 58.3 0.5 0.1 
0.7 0.3 49.2 0.2 
0.5 —0.2 -0.1 S25 
0.1 0.3 0.1 0.8 





RNA-DNA filter hybridisation under paraffin was carried out as described by Kourilsky er al.°° with tri iated RNAs (specific activity, 
3-4 10’ c.p.m. ug `) complementary (CRNAs) to the four HPV DNAs transcribed in vitro as previously described'*. HPV DNAs were obtained 
from a single plantar wart (HPV-1)"?, pooled hand common warts of a single patient (HPV-2)'?, and pooled scrapings of lesions of two patients with 
E.V. (HPV-3, HPV-4)'*; these HPV-2, HPV-3 and HPV-4 preparations were those taken as protot pes in previous studies '***. Genital wart DNAs 
were selectively extracted from the lesions of seven patients according to a modified Hirt procedure ™"* (total DNA) oe further purified by Agarose gel 
electrophoresis (eluate), as described in the legends to Figs 1 and 2. Nitrocellulose filters (two per assay) carrying heat-denatured prototypical HPV 
DNAs, W.K. and M.B. HPV DNAs (about 50 ng, as determined with X174 RF DNA asa standard*’), genital wart DNAs (2.5-7.5 ug), human fetal 
thymus or liver DNA (7.5 ug), as well as blank filters, were added with 4 ul of CRNA (2,000 c.p.m. per filter) in 0.30 M NaCl, 0.030 M sodium citrate - 
50% formamide. Heat-denatured fetal human thymus DNA was added to the hybridisation mixture (0.5 ug per assa”) to eliminate any hybridisation 
to cellular DNA on filters. Paraffin was added and filters were incubated for 15 h at 37 °C, processed and counted as previously described'*. Sex and 
age (yr) of patients are given in parentheses, . 
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homologous viral DNAs and cRNAs, whereas no radioactivity 
was retained using heterologous prototypical CRNAs and DNAs 
(Table 1). No significant hybridisation was obtained with any of 
the genital wart DNAs (total or form I) and HPV-I, HPV-2 or 
HPV-3 cRNAs. However, all the total DNA preparations, as 
well as purified form I DNA from W.K. and M.B. tumours, 
showed significant levels (3.5-8.8%) of Oya with the 
HPV -4 cRNA probe (Table 1). 

Our results indicate that three known woa of human papil- 
lomavirus, HPV-1, HPV-2 and HPV-3, are not generally asso- 
ciated with genital warts (see, however, ref. 22). On the other 
hand, we find that viral sequences related to a fourth type, 
HPV-4, are present in DNA of the tumours studied here. The 
present data do not, however, show to what extent the sequences 
are related, and this remains a subject for further study. 

We thank P. Sheldrick and F. Breitburd for discussion and 
critical reading of the manuscript, and N. Jibard, D. Fortin, C. 
Dauguet and D. Cany for assistance. This work was supported 
by grants from INSERM (ATP 28. oe 60, CRL; 76.4.100.1), 
Institute Gustave-Roussy (FC 77 A 12) and the Polish 
Government for Cancer Research (PR6-26-76). 
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An insert in the single gene for the large 
ribosomal RNA 
in yeast mitochondrial DNA 


MITOCHONDRIAL DNA (mtDNA) contains genes for the 
ribosomal RNAs (rRNAs) and transfer RNAs (tRNAs) used in 
mitochondrial protein synthesis and for a limited number of 
proteins of the mitochondrial inner membrane’*. By a 
combination of genetic and physical mapping, the location of 
most of these genes on yeast mtDNA has been determined™. 
There is a single gene for the RNA from the large subunit of 
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Fig. 1 The physical map of mtDNA from S. cerevisiae strain 
JS1-3D, showing the position of the rRNA genes and the recog- 
nition sites for endonucleases HindIII and HindIII and the single 
site for endonuclease Sali (from refs 5, 10). The contour length is 
72,000 base pairs. The region of the map enlarged in Fig. 2 and the 
segment of mtDNA retained in petrte mutant F41 are indicated. 


yeast mitochondrial ribosomes’, but, nevertheless, this RNA 
hybridises to non-adjacent fragments on the physical map of 
mtDNA. Although this suggested that the gene for this RNA is 
split, like some eukaryotic nuclear genes’, the presence of 
partial gene duplications complicated the interpretation of our 
hybridisation experiments‘. By electron microscopy of RNA- 
DNA hybrids we now present direct evidence for an insertion in 
this rRNA gene. 

Figure 1 shows a simplified map of yeast mtDNA, and Fig. 2 
gives a more detailed map of the region of the large rRNA 
cistron. The rRNA hybridises to the HindIII and HindIII frag- 
ments TD9, DT14 and TTi (hatched in Fig. 2), but not to TD15 
and the small 70-base pair fragment next to it®. Additional 
hybridisation experiments (unpublished) have shown that this is 
not due merely to partial gene duplication, because no 
homology was found between sequences hybridising with 21S 
rRNA in fragment TT1 and fragment TD9. 

To prove that the rRNA gene ıs indeed split, hybrids were 
made between rRNA and the HaellL fragment indicated in Fig. 
2. The rRNA was obtained by fractionating total mtRNA from 
Saccharomyces. cerevisiae strain JS1-3D by agarose gel elec- 
trophoresis and eluting the 21S rRNA band 8. The Haelll 
fragment was isolated’ from the mtDNA of petite mutant F41. 
This petite has been derived from $. cerevisiae strain JS1-3D; it 
contains the segment of wild-type mtDNA indicated in Fig. 1 
which has been shown by restriction enzyme digestion and 
hybridisation analysis*’° to be identical to the corresponding 
wild-type sequence. Hybrids were formed in high formamide 
concentration to avoid DNA renaturation’’, and spread in 
conditions which allow a clear distinction between single-stran- 
ded RNA (kinky) and DNA (smooth) strands. Figure 3 shows 
two of the predominant hybrid molecules present in electron 
micrographs of these hybrids and the insert gives our inter- 
pretation of these molecules. The single-stranded DNA loop 
between- two duplex hybrid sections proves that the mature 


TRNA is complementary to non-adjacent segments of mtDNA. 


Not a single full- -size hybrid molecule without this loop was 
observed. The. left-right orientation of the hybrid molecules 
relative to the map in Fig. 2 is determined by the morphology of 
the single-stranded ends, which shows that the left-hand end is 
RNA. and the right-hand end DNA. This orientation was 
confirmed by the presence of rare hybrid molecules that had 
reannealed with a broken complementary DNA strand of the 
Haelll fragment, resulting in hybrids with a partially duplex 
end. This duplex end was present at the side of the short hybrid 
segment (segment c in Fig. 3). 
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Table 1 Size of hybrid and single-stranded DNA regions in 42 rRNA 
hybrid molecules 


Segment Size 
(see Fig. 3) um +s.d. Base pairs 
a 0.33+0.02 830 
c 0.20+0.01 510 
b 0.50 +0.03 1,160 


Measurements of hybrid sections were calibrated with the circular 
replicative form of phage ®X174 (5,375 base pairs?®), co-spread and 
measured on the same grid. Single-stranded DNA segments were 
calibrated using the single-stranded Haelll fragment (4,300 nucleo- 
tides) present on the same grid. 


The position of the rRNA gene on the map in Fig. 2 follows 
from the quantitative information on 42 hybrid molecules 
summarised in Table 1 and from the sections of the DNA 
previously shown to hybridise with rRNA®"’. The location of 
the insert is determined by the size of section a (830 base pairs) 
and the position of the left-hand end of the Haelll fragment’’, 
which we have mapped by double-digestion analysis. The size of 
the insert, determined from the size of loop b, is 1,160 base pairs. 
From the size of sections a-c, we infer that the rRNA cistron 
runs about 400-500 base pairs into fragment TT1. 

Although inserts have previously been found in the nuclear 
rRNA genes of Drosophila *™™™$, it has not yet been possible to 
decide if these split genes yield mature rRNA. With yeast 
mtDNA this is certain, because no other gene is present. 

The region of the 21S rRNA on yeast mtDNA contains 
interesting structural and genetic elements, as indicated in Fig. 
2. First, there is the 1,050-base pair insertion VI of Sanders et 
al.* found by us*® and by Jacq et al.” in the w` strains and 
lacking in the w` strains characterised by Slonimski et al.'’. This 
1,050-base pair insertion coincides with the intervening 
sequence in the rRNA gene within the limits of error of our 
measurements. Other interesting genetic loci are rib-1 
(chloramphenicol resistance) and rib-2 (erythromycin resis- 
tance). We have argued previously’? that mutations at these loci 
affect the mitochondrial ribosome by altering the nucleotide 
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Fig. 2 The physical map of the segment of yeast mtDNA that 
contains the gene for the large 21S rRNA. The position of the 
cleavage sites for endonucleases HindIl, HindIII, Hapll and Sall 
on the mtDNA of S. cerevisiae strain JS1-3D are taken from refs 5, 
6 and 10. Hatched fragments hybridise with 21S rTRNA?°, The 
position on the map of the HaellIl fragment, used for electron 
microscopy of DNA-RNA hybrids, was determined by double- 
digestion analysis with endonucleases Sall, HindII and HindIII 
(unpublished). The position of the rRNA gene was deduced from 
the hybridisation results®’° and the measurements in Table 1; 
from the size of the rRNA (3,700 nucleotides” 1) we infer that the 
left border of the rRNA gene must be close to the left Hapll site in 
TD9, as drawn, but this has not been verified. The positions of the 
genetic loci are taken from ref. 10 and unpublished results; w is a 
locus which affects the recombination of markers around it; there is 
a one-to-one correlation”? between the w* allele and insertion VI 
of Sanders et al.°, Mutations at rib-1 and rib-2 confer resistance of 
mitochondrial protein synthesis to chloramphenicol and erythro- 
mycin, respectively. rib-1 and rib-2 are most probably located in 
the region indicated by the continuous line, but a position more to 
the right, indicated by the broken line, is not excluded. 
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Fig. 3 Electron micrograph of RNA-DNA hybrids made 
between 21S rRNA and the denatured Haelll fragment indicated 
in Fig. 2. The hybridisation and visualisation of hybrids was done 
by the procedure of Wellauer and Dawid'' as described”’, with the 
modification that the hybridisation was carried out for 2 h at 40 °C. 
Main figure electron micrograph showing two adjacent hybrid 
molecules; scale bar, 0.2 um. Inset, interpretation of main figure; 
dotted lines are RNA, straight lines DNA. 


sequence of rRNA. The precise mapping of these loci, on the 
one hand, and of the rRNA, on the other hand, now lends 
support to this suggestion. 

In previous papers**''’ from our laboratory, it was suggested 
that the genes for subunit I of cytochrome c-oxidase (oxi-3 
locus) and for cytochrome b (cob locus) are split to account for 
the discrepancy between apparent locus size and protein pro- 
duct. Our present results re-emphasise this suggestion. Yeast 
mitochondria with their simple and well-characterised genome* 
may well turn out to be an attractive experimental system for the 
study of the nature and evolution of gene inserts and the splicing 
enzymes required to process the primary transcripts of such 
genes. 
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Yeast has a true stringent response 


IN bacteria there is a coordinate regulation of the synthesis of 
ribosomal RNA and ribosomal protein’. This is most evident 
from studies of the rates of synthesis of ribosomal components as 
a function of the growth rate of the cell™?, Another example is 
the ‘stringent response’, in which cells deprived of an essential 
amino acid shut down the transcription of ribosomal RNA as 
well as that of messenger RNA for ribosomal proteins**, but 
increase the synthesis of mRNA for certain biosynthetic pro- 
teins. Although this stringent response is at least partially due 


Relative synthesis 


— 4 


eo o 
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Time without tyrosine (h) 
Fig. 1 Macromolecular synthesis in cells deprived of tyrosine. 
Protein synthesis (@): Saccharomyces cerevisiae, strain A364A, a, 
ade , ura , his , lys , try , were cultured in synthetic complete 
medium at 23°C as described elsewhere’, to a concentration of 
1 x 10’. The cells were collected by filtration, washed and suspen- 
ded in medium lacking tyrosine. At various times 5 ml of culture 
was added to a flask containing 2.5uCi of '*C leucine 
(120 Ci pmol‘), At 5-min intervals for 30 min, 0.5 ml of culture 
was transferred to 1 ml 10% trichloroacetic acid (TCA), boiled 
briefly and the acid insoluble radioactivity determined. The rate of 
incorporation was determined from the slope of the resultant 
curves compared with the rate of incorporation of the culture 
before the medium change, and plotted at the midpoint of the 
30-min incorporation. Ribosomal RNA transcription (A): cells 
were deprived of tyrosine as described above. At intervals, a 3-ml 
aliquot was mixed with 0.5 mCi of °H (methyl) methionine. After 
60 s the culture was chilled and the RNA extracted from broken 
cells and analysed on 2.75% polyacrylamide gels as described’. 
The radioactivity in RNA species was normalised to the absor- 
bance of 25S RNA and compared with the value for a culture 
labelled before the medium change. Template activity (©): cells 
were deprived of tyrosine as described above. At intervals, 25-ml 
aliquots were chilled and total RNA prepared. The template 
activity of each preparation was determined at limiting RNA 
concentration'*, and compared with the activity for the RNA from 
the culture before the medium change. 
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to the re gene product and/or its synthesis of ppGpp, little is 
known about the detailed mechanisms involved in controlling 
the two types of transcription. To what degree does the stringent 
response exist in eukaryotic cells, which use separate poly- 
merases for the transcription of ribosomal RNA and messenger 
RNA*? We’ and others® have shown that in Saccharomyces 
cerevisiae deprived of an amino acid, the transcription of ribo- 
somal RNA is severely inhibited. Ribosomal RNA transcription 
is also inhibited in cells treated with cycloheximide”’, but it 
continues almost normally in cells in which synthesis of ribo- 
somal proteins has specifically been inhibited through a 
temperature-sensitive mutation’. We demonstrate here that in 
cells deprived of an amino acid there is a specific depletion of 
messenger RNA coding for ribosomal proteins. 

The experiments are based on our ability to translate yeast 
mRNA quantitatively in a wheatgerm extract and to isolate the 
yeast ribosomal proteins produced'’. Total protein synthesis 
and the synthesis of yeast ribosomal proteins are linearly 
dependent on added yeast RNA, reaching a maximum at the 
same RNA concentration'*. Thus, unless a saturating concen- 
tration of yeast RNA is added to the wheatgerm extract, the 
radioactivity in any individual ribosomal protein spot is a 
measure of the relative amount of mRNA specific for that 
protein. 

Cells were deprived of tyrosine as described in Fig. 1 and at 
intervals the rates of protein synthesis and ribosomal RNA 
transcription were determined. The effects of tyrosine depriva- 
tion On protein synthesis are complete only after an hour, 
presumably due to a substantial pool of tyrosine within the cells. 
The transcription of ribosomal RNA decreases slightly later 
than protein synthesis and levels off at a rate 15-20% of normal. 
On the other hand, the template activity of RNA prepared from 
cells deprived of tyrosine remains almost unchanged for 5 h (Fig. 
1). As the half life of mRNA in yeast is between 6 and 30 min at 
23°C (ref. 13), substantial synthesis of new mRNA must 
continue, as was demonstrated directly elsewhere’. 

Figure 2 is a one-dimensional polyacrylamide gel analysis of 
proteins synthesised by a wheatgerm extract in response to RNA 
from cells deprived of tyrosine. Although most proteins show 


Fig.2 Template activity of RNA from cells deprived of tyrosine. 
Cell-free translation was carried out with wheatgerm extract using 
as template RNA from cells deprived of tyrosine for increasing 
time, as described in Fig. 1. An aliquot was treated with 5% TCA, 
the precipitate electrophoresed on a 7.5—25% acrylamide gel in the 
presence of SDS according to the method of Laemmli’*. Protein 
synthesis inhibition is indicated by the arrows, enhancement by 
arrowheads. 
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Fig. 3 Template. activity for specific proteins. Aliquots of the 

cell-free translation described in Fig. 1 were subjected to two- 

dimensional polyacrylamide gel electrophoresis'*, and ribosomal 
ribosomal protein spots were cut out. The A;= 

E AC S/ Wor (ref. 11) was determined for each, and 

compared with the unstarved control. @, Ribosomal protein no. 5; 

À, ribosoma 5 protpin no. 33; O, nonribosomal protein C; A, 
| nonribosomal protein D. 





little dane. the eis of some is inhibited (arrows) and that 
of others enhanced (arrowheads). Figure 3 shows a quantitative 
analysis of the template activity for individual ribosomal and 
nonribosomal proteins for the experiment described in Fig. 1. It 
is clear that as-cells are deprived of tyrosine, they gradually lose 
mRNA for these two ribosomal proteins. That this is true of 
most, but not all, ribosomal proteins is shown in Table 1. Some 
of the exceptions, such as nos 12 and 14, are also exempt from 
the coordinate regulation in the ts mutants described above’! 
The values for individual proteins in Table 1 and in other 
experiments are remarkably uniform between experiments, 
suggesting that the variation between proteins is due to slight 
differences in the stability of mRNA and/or regulation of its 
transcription. Nevertheless, the ribosomal proteins seem to be 
regulated as a class. 





Table 1 Template activity for ribosomal and nonribosomal proteins 





Subunit 


Protein no. Relative template activity at 5 h 
Ribosomal proteins Expt 1 Expt 2 
1 L 0.26 0.36 
2 L 0.35 0.42 
5 S 0.34 0.25 
6 L 0.30 0.30 
8 L 0.41 l 0.40 
11 L 0.65 0.42 
12 S 1.30 0.71 
13 S 0.52 0.42 
14 S 0.89 0.97 
24 L 0.47 0.39 
28 L 0.30 0.33 
29 L 0.30 0.34 
30 S 0.90 0.81 
33 L 0.22 0.26 
38 L 0.43 0.31 
39 L 0.47 0.41 
40 S 0.96 0.75 
4i S 0.34 0.36 
45 L 0.33 0.30 
46 L 0.35 -0.32 
Nonribosomal proteins | 
C 0.96 0.98 
D 0.82 -0.94 
E 1.06 0.92 
G 1.00 1.26 





Template activity for ribosomal proteins and nonribosomal proteins 
was measured as described in Fig. 3. The values represent the ratio of 
template activity of RNA from cells deprived of tyrosine for 5 h to the 
template activity of RNA from unstained cells, for two independent 
experiments. Experiment 2 is that of Fig. 3. Lis the large (60S) subunit, S 
is the small (40S) subunit. 
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These results show that in yeast cells deprived of an amino 
acid there is a parallel inhibition in “he synthesis of both ribo- 
somal RNA and mRNA for most ribosomal proteins. The fact 
that the decline in mRNA activity occurs somewhat later than 
that of rRNA transcription may be due to the finite half life of 
mRNA for ribosomal proteins, which at 23°C is probably 
20-30 min’*!>. The kinetics in Figs i and 3 are consistent with 
the transcription of rRNA and mRNA for ribosomal proteins 
being inhibited simultaneously. It seems, therefore, that yeast 
has a fully coordinated stringent response to the deprivation of 
an amino acid, which involves ribosomal RNA as well as mRNA 
for ribosomal proteins, but excludes soth tRNA and mRNA for 
the bulk of the cell’s proteins’. Although ppGpp has not been 
detected in such conditions (J. Gallant, personal com- 
munication), a search for ‘relaxed’ mutants and for a epee) 
molecule may be useful. 
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In vivo aminoacylation and ‘processing’ 
of turnip yellow mosaic virus 
RNA in Xenopus laevis oocytes 





IT is now well established that several plant and animal virus 
RNAs possess a ‘tRNA-like’ structure, as they are recognised in 
vitro by many tRNA-specific enzymes. To approach the pro- 
blem of the possible physiological significance of these struc- 
tures for the development of the virus, it seemed important to 
determine whether they are also recognised in vive, The most 
logical approach would have been to use plant protoplast 
systems to study the behaviour of viral genomes in the infected 
cells. However, because such systerns are still difficult to control, 
we decided to use the oocyte system. We describe here how 
turnip yellow mosaic virus (T YMV? RNA, which can be amino- 
acylated in vitro by valine’, was microinjected into Aenopus 
laevis oocytes, incubated in the presence of “H-valine and the 
RNA charged in vivo analysed. We conclude that TYMV RNA, 
the 3’ terminal sequence of which is ~CC (refs 2, 3), is amino- 
acylated in vive. This indicates that the viral RNA is recognised 
by the oocyte tRNA nucleotidyl:ransferase and valyl-tRNA 
synthetase. Furthermore, the TYMV Val-RNA recovered after 
the in vivo reaction is fragmented end migrates between 45 and 
5S RNA markers. This implies that (an) RNase{s) split(s) the 
viral genome, liberating this tRNA-like structure. 
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senses ascites E 
Table 1 =Aminoacylation of total TYMV RNA, of TYMV coat protein 
mRNA or of E. coli tRNA} microinjected into X. laevis oocytes 

nt LE Rat gs illite eie 


(MRNA injected No. of 

pmol* per oocytes c.p.m. per 

Expt Species oocyte injected oocyte 
None = 40 1,546 
1 Total TYMV RNA 0.37 40 1,743 
E. coli tRNA Y” 22 7 30,920 
None — S3 1,396 
2 Total TYMV RNA 0.37 53 1,509 
TYMV coat protein mRNA 0.17 56 1,130 


S 


TYMV was extracted from infected Chinese cabbage leaves according 
to Leberman'*. Total TYMV RNA was recovered using the phenol- 
chloroform-sodium laurylsulphate method'*"*. Partially purified viral 
RNA coding in vitro for coat protein (coat protein mRNA) was 
separated from genomic RNA by chromatography on a Sepharose 6B 
column. Fully grown oocytes from X. laevis females were preincubated 
for 3h at 20°C in modified Barth's medium’* (100 ul per 10 oocytes) 
containing ~H-valine (31 Ci mmol '; Amersham) at a final concen- 
tration of 1 mCi per ml. They were microinjected’® with the followin 
substrates in 50 nl of sterile water: 11.2 mg ml ' of E. coli tRNA}" 
(Sigma), 15.4 mg ml‘ of total TYMV RNA, or 870 ug ml! of TYMV 
coat protein mRNA, and incubated at 20°C in fresh medium containing 

H-valine as above. After 2 and 24 h of incubation for experiments 1 and 
2, respectively, the oocytes were washed with modified Barth's medium 
and stored at —70°C. They were homogenised and the RNA extracted as 
reported by Gatica eral.'’. After ethanol precipitation, the RNA pellets 
were dissolved in sterile water and stored at —20°C. Aliquots were 
precipitated by 10% cold TCA, filtered through nitrocellulose 
membranes and the radioactivity retained measured in the presence of 
Bray's solution. Further analyses were carried out using the samples 
from experiment 2, except for the E. coli *H-Val-tRNA}", which was 
from experiment 1. 

* The pmol of (t)RNA injected are based on molecular weights of 
2x 10° for total TYMV RNA, 0.25 10° for TYMV coat protein 
mRNA and 25,000 for tRNA Y”. 


To see if TYMV RNA could be charged in vivo, X. laevis 
oocytes were microinjected with total TYMV RNA (containing 
genomic RNA and coat protein mRNA)‘, partially purified 
TYMYV coat protein mRNA or Escherichia coli t(RNAY"'. After 
2 or 24h of incubation in the presence of *H-valine, the RNA 
was extracted from the oocytes and an aliquot used to determine 
the cold trichloroacetic acid (TCA)-precipitable counts; these 
are given in Table 1. No significant variation in counts is 
observed with oocytes injected with total TYMV RNA as 
compared to control, uninjected oocytes, even after 24h of 
incubation. The same is true when TYMV coat protein mRNA is 
injected. Conversely, incubation with E. coli tRNA Y" leads toa 
20-fold stimulation after only 2 h of incubation. 

The fact that no increase in cold TCA-precipitable counts 
could be detected with the viral RNA preparations can certainly 
be explained by the low amount of TYMV RNA injected as 
compared to tRNA}™. Indeed, the charging capacity of total 
TYMY RNA on a weight basis is about 80 times lower than that 
of a tRNA (see legend to Table 1). 

Because it had not been possible to detect TYMV RNA 
charging by TCA precipitation, it was necessary to analyse the 
size of the *H-Val-oligonucleotides recovered after T, RNase 
digestion of the RNA extracted from the oocytes. This was 
carried out by paper electrophoresis in 0.5 M formic acid (results 
not shown) or by thin-layer chromatography (TLC) on poly- 
ethyleneimine-cellulose (PEI-cellulose) plates (Fig. 1). 

The T, digests of TYMV Val-RNA charged in vitro reveal the 
presence of a Val-pentanucleotide (Fig. 1, sample 4) and those 
of E. coli Val-tRNA, also charged in vitro, of a Val- 
pentanucleotide and a Val-tredecanucleotide (sample 6). This 
agrees with the known sequence of the 3’ region of TYMV 
RNA?*** and of the valine-specific E. coli tRNAs’, respec- 
tively. 


Nature Vol. 275 28 September 1978 


The endogenous oocyte tRNAs charged in vivo (sample 1, see 
also samples 2 and 3) produce two Val-oligonucleotides of about 
eight and nine residues, plus a third spot which migrates faster 
than a pentanucleotide. 

The analyses of the Val-oligonucleotides obtained after T, 
digestion of the RNAs extracted from oocytes injected either by 
total TYMV RNA (sample 2) or TYMV coat protein mRNA 
(sample 3) showed in each case the presence of a Val- 
pentanucleotide, demonstrating the in vivo aminoacylation of 
TYMV RNA. This *H-Val-pentanucleotide is much less intense 
when the oocytes are injected with TYMV coat protein mRNA 
than with total TYMV RNA, and this is probably due toa partial 
degradation of the RNA molecules during the purification 
procedure. 

In sample 2, the Val-oligonucleotides of about eight and nine 
residues migrate somewhat faster than those in samples 1 and 3, 
and this is probably due to the presence of salts in sample 2. In 
samples 1, 2 and 3 (in vivo charging experiments) a spot appears 
that migrates faster than the Val-pentanucleotide. Although this 
spot is not produced when total oocyte tRNAs are charged in 
vitro (results not shown) by an E. coli extract or by a rat liver 
extract, one cannot exclude the possibility that it corresponds to 
a tRNA isoacceptor for valine only charged by the homologous 
enzyme. This supplementary spot was shown not to be due to 
free valine, Val-AMP or Val-adenosine (data not shown). 

After injection of E. coli tRNA Y" into the oocytes (sample 5), 
an *H-Val-tredecanucleotide appears which corresponds to the 
T, digest of *H-Val-tRNA}". No spot corresponding to the 
digests of endogenous oocyte *H-Val-tRNA is observed. This is 
due to the fact that the same number of counts were deposited in 
all cases shown in Fig. 1, and that after injection of E. coli 
tRNA}™, a 20-fold stimulation in cold TCA-precipitable counts 
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Fig.1 Separation by TLC on PEI-cellulose plates of the *H-Val- 
oligonucleotides obtained after T, RNase digestion of in vivo or in 
vitro charged (RNAs. The in vitro aminoacylation with *H-valine 
(31 Ci mmol ; CEA) of unfractionated E. coli tRNAs or of total 
TYMV RNA was carried out as described by Yot etal.” using an E. 
coli extract devoid of tRNAs. *H-Val-(t)RNAs (20,000 c.p.m.) 
recovered after in vivo (see Table 1) or in vitro aminoacylation 
were incubated for 45 min at 37°C in a mixture (15 pl) containing 
20 mM sodium citrate, pH 5, 1 mM EDTA, and 0.25 units of T, 
RNase (Sankyo) per ug of Val-(t)RNA. The PEI-cellulose W.R. 
plates (20 x 20 cm, plastic-backed, with luminescer, Schleicher and 
Schill) were soaked in methanol, dried and the digests applied. The 
plates were developed at room temperature .in a stepwise fashion 
without intermediate drying, using a slight modification of the 
method of Gupta and Randerath'®: with water to 1.4 cm above the 
origin; 0.05 M Tris-HCl, pH 6.8, to 4.2 cm; 0.15 M Tris-HCl- 
8.5M urea to 7.7 cm; 0.3M Tris-HCI-8.5 M urea to 10.5 cm; 
0.5 M Tris-HCI-8.5 M urea to 14cm, and finally, with 0.75 M 
Tris-HCI-8.5 M urea to 16.8cm. The sheet was dried, fluoro- 
graphed'?*°. and exposed at —70°C using Kodak X-Omat R films. 
The T, digests correspond to the ° H-Val-oligonucleotides 
obtained from: 1, uninjected oocytes; 2, oocytes injected with total 
TYMV RNA, 3, oocytes injected with TYMV coat protein 
mRNA; 4, in vitro charged TYMV RNA; 5, oocytes injected with 
E. coli tRNA}™; 6, in vitro charged E. coli tRNAs. 
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Fig. 2 Analysis by 10% polyacrylamide-7 M urea gel elec- 
trophoresis of the TYMV *H-Val-RNA charged m vivo. Poly- 
acrylamide gel electrophoresis was a modificahon of the method of 
Donis-Keller ef al.?!: the sample buffer, polyacrylamide gel and 
electrophoresis buffer were the same but at pH 7, and the Val- 
(ORNA samples (10,000 c.p.m.) were not heated before the run. 
Electrophoresis was carried out at 4°C and 200 V, and the elec- 
trophoresis buffer was constantly recycled. The gel was soaked in 
10% cold TCA for 1 h, fluorographed””™ and exposed at —70°C. 
Marker RNAs were run in parallel and stained with ethidium 
bromide 1, Uninjected oocytes; 2, oocytes injected with total 
TYMV RNA; 3, in vitro charged TYMV RNA; 4, oocytes injected 
with E. colitRNA}™; 5, in vitro charged E. coli tRNAs. XC, xylene 
cyanol FF. 


was observed (Table 1) as compared to uninjected oocytes. 
Consequently, the corresponding products from endogenous 
oocyte tRNAs are not visible. 

The T, digests of the samples presented in Fig. 1 were also 
separated by paper electrophoresis in 0.5 M formic acid; the 
conclusions reached agree with those of Fig. 1, namely, that 
TYMV RNA is aminoacylated when injected into the oocytes. 

TYMYV RNA as extracted from the virions terminates at the 3’ 
end by -CC. Thus, a positive response to valine aminoacylation 
indicates that the RNA is recognised in vivo by the oocyte tRNA 
nucleotidyltransferase as well as by the valyl-tRNA synthetase. 
Solari et al.’ reached similar conclusions when testing the 
aminoacylation of injected tRNA™ devoid of its 3'-terminal 
adenosine. 

It was important to determine the size of the TYMV Val- 
RNA charged in the oocytes. To this end, *H-Val-(t}RNAs 
charged in vivo (oocytes) or in vitro (E. coli extract) were 
analysed by electrophoresis on a 10% polyacrylamide, 7 M urea 
gel (Fig. 2). Total TYMV RNA charged in vivo (slot 2) shows in 
addition to endogenous Val-tRNAs (slot 1) a Val-RNA band 
migrating between 4S and 5S markers and corresponding to the 
tRNA-like fragment of TYMV. In the case of TYMV RNA 
charged in vitro (slot 3), an intense band migrating in the same 
position appears as well as a series of fainter bands of higher 
molecular weight. Experiments of in vitro aminoacylation of 
TYMV RNA indicate that, with prolonged incubation, these 
bands of higher molecular weight give rise to the tRNA-like 

fragment (S. J. and A.L.H., unpublished results). © 
` The E. coli system is known to contain RNase P, a maturation 
enzyme of tRNAs (ref. 10). Extracts containing this enzyme 
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the first place, it is tempting to speculate thel 
fragment formed in vivo plays a pert in the Ù 2-3 el by 
inhibiting, for example, a factor involved in c% ar protein 
synthesis. It is not unlikely that in the infected plant “1g part of 
the viral genome could be sacrificed for the formation, .h an 
inhibitor. Indeed, preliminary results (S.J. and A.L-H^npub- 
lished observations) with plant extrects indicate that the) also 
contain (an) enzyme system(s) capabde of liberating the tRha. 
like structure from TYMV RNA. ’ 
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protein MRNA and D. Hayes for E. coli 5S RNA. S.J. is 
recipient of a Stipendium from the -Délégation Générale à la 
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| Ip of prote 
thermostability i a ee 


TH sein solution subjected to a 
eiia oo unbufferedse usually exhibits a single 
inflection ath panels the cooperative thermal dena- 
turation of the n oaa structure . Bull and Breese” have 
used this pea. we Ponstrate that the midpoints (Tn) for 
the thermal ea tm of 14 proteins correlate with the 

aly of their constituent amino acid residues 


average residue vol 


ol ; ; Aa 
and have propo Oħat this parameter is the principal deter- 


minant of prote C MOstability. We report here our study of 
their proposal "sen s1O" of these measurements to include 20 
additional w-72tacterised proteins, selected because of their 
availabilit - homogeneous form. With this expanded data 
base, sojy “accessible surface area was found to result in a 
better çr Elation with protein thermostability. 

The PParatus used is similar to that described by Bull and 
Breer » a Radiometer model 25 pH meter, a Radiometer GK 
240€ combination electrode, a model 425C (Yellow Springs) 
bridge and thermistor probe, and an Omniscribe dual pen 
corder (Houston). Individual protein solutions of about 

2mgml™' concentration were dialysed against 0.2 M KCI 
before use. The protein solution, pH electrode, thermistor probe 
and a small magnetic stirring bar were inserted into a jacketed 
vessel surrounded by a grounded wire screen. The temperature 
of the protein solution was continuously varied by a circulating 
water bath programmed to increase by 0.83°C per min. Obser- 
ved pH values were corrected for temperature as described by 
Goodno et al.’. 

The Tn values for 30 proteins are listed in Table 1 in increas- 
ing value. Each protein preparation used exhibited a single 
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Coomassie blue staining component when examined by poly- 
acrylamide gel electrophoresis in the presence of detergent, and 
a single ApH/AT discontinuity over the temperature range 
30-90°C. The single exception to this is the preparation of the $1 
fragment of myosin, which contains a major component of 
molecular weight 9.3x10°. Scanning calorimetric measure- 
ments indicate that this component has a Tm of 43°C. The T., 
values listed are the highest values measured in the pH range 
4-9. Those listed in Table 1 for nine proteins (6,7,21,22- 
25,27,30) of the 10 proteins studied in common with Bull and 
Breese have Tm values agreeing with those previously reported 
indicating that our execution of the ApH/AT procedure is 
appropriate. However, our measurements do not support the 
correlation between Tm and average residue volume (Vp) 
reported by Bull and Breese’. In contrast to their correlation 
coefficient of +0.96, we find a value of —0.02. Similarly, in 
contrast to their correlation coefficient between T,, and hydro- 
phobic index of +0.62, we find a value of —0.01. We conclude 
that the previously reported strongly positive correlation 
coefficients resulted from examination of a limited number of 
proteins and do not necessarily reflect any fundamental prin- 
ciple of protein stability. 

In searching for an alternative explanation for the observed 
variation in protein thermostability, we noted that Tn exhibited 
an imperfect inverse trend with polypeptide chain length. As the 
ratio of surface to volume for globular proteins decreases with 
chain length, we have related the observed Tn values to the 
fractional area of the polypeptide accessible to the solvent. The 
total surface area of a denatured polypeptide chain, A,, was 
calculated from the relationship* A,=1.44M, where M is the 
molecular weight of the protein; the solvent-accessible surface 
area of an individual protein globular domain was calculated 
using the relationship’ A,=11.116M?”", and the accessible 
surface area of a globular domain in a dimeric or square planar 
tetrameric polymer of identical globular domains was deter- 





Table 1 Protein parameters 


TNE ITLL NENT IN airat ee I LO AAA EAL ENN AN CC OR AA ALTAR HRI NINE ra eR CHARAN PU Atta PV WA PH AFUE PSHM NAS ANEN WRERARS ARMENIA Sree nnn AA A a ieannmaveerviaMAiie: 


Code Protein Source 
i Myosin $1 fragment Rabbit muscle 
2 Phosphorylase Rabbit muscle 
3 Cytochrome ¢ peroxidase Yeast 
4 Fumarase Porcine heart 
5 £$-galactosidase Escherichia coli 
6  Trypsinogen Bovine pancreas 
7 Chymotrypsinogen Bovine pancreas 
8 Lactate dehydrogenase Rabbit muscle 
9  Phosphoglycerate kinase Yeast 
10  Elastase Porcine pancreas 
11 Carbonic anhydrase Bovine erythrocyte 
12 Aldolase Rabbit muscle 
13 ‘Triosephosphate isomerase Rabbit muscle 
14 — Catalase Bovine liver 
15 Pyruvate kinase Rabbit muscle 
16 Adenylate kinase Rabbit muscle 
17 Carboxypeptidase Bovine pancreas 
18 Alcohol dehydrogenase Horse liver 
19 = Subtilisin Bacillus subtilis 
20 Serum albumin Bovine plasma 
21 Haemoglobin Bovine erythrocyte 
22 Concanavalin A Jack bean 
23 Lysozyme Hens egg 
24 Myoglobin Whale muscle 
25  Ovalbumin Hen’s egg 
26 Trypsin inhibitor Soy bean 
2? ~Lactalbumin Bovine milk 
28 £§-lactoglobulin Bovine milk 
29 Superoxide dismutase Bovine erythrocyte 
30 Cytochrome c Horse heart 


pH Tia V: $ log M, n 
6.83 43+1 87.6 788 4.97 2 
8.06 48+2 88.9 886 4.97 4 
6.49 50+1 87.1 831 4.53 1 
6.91 53+1 87.1 839 4.68 4 
7.48 5441 86.1 826 5,13 4 
5.80 S543 79.7 770 4.39 1 
4.90 S6+i 80.2 792 4.41 1 
6.86 5641 85.7 908 4.56 4 
7.01 5643 84.4 832 4.69 1 
6.70 5741 82.2 799 4.41 1 
6.59 5742 86.2 829 4.47 1 
6.51 58+1 84,3 792 4.60 4 
7.39 6141 82.3 737 4.43 2 
6.92 6142 86.3 805 413 4 
6.97 62+1 84.5 793 4.76 4 
6.69 62+2 86.0 793 4.33 1 
6.69 63+1 86.1 657 4.53 1 
712 64+2 82.7 830 4.61 4 
6.22 65+2 76.9 739 4.44 1 
6.40 6543 86.9 838 4.82 1 
6.10 67+1 84.3 873 4.20 4 
6.56 7142 82.8 846 4.4] 4 
6.50 Tal 83.0 706 4.16 1 
6.40 16 +2 87.8 850 4.25 1 
6.47 T6+2 86.1 866 4.64 1 
7.61 TTi 85.2 878 4.05 1 
4.50 82+3 88.1 939 4.15 1 
6.10 8341 88.2 869 4.27 2 
7.15 831 79.0 675 4.20 2 
7.80 83+2 87.0 742 4.10 1 





Columns headed by the terms or symbols, pH, Ty, Vn ®. log M, and n refer to the pH at which the Tm was observed, the Tm measured by the 
ApH/AT procedure, the average residue volume, the hydrophobic index, the log of the polypeptide molecular weight and the number of polypeptide 
chains present in the native protein, respectively. The hydrophobic index was calculated as described by Bigelow 


0028-08 36/78/0275 —0342$01.06 


© Macmillan Journals Ltd 1978 


Nature Vol. 275 28 September 1978 





Fig. 1 Relationship of fractional polypeptide area accessible to 
solvent, A,/A,, and protein thermostability, Tin- A, is the poly- 
peptide surface area in accessible to the solvent in a native 
globular protein, A, the total accessible surface area of a denatured 
protein, and Ta the midpoint of the thermal denaturation detected 
by the ApH/AT procedure The open circles indicate monomeric 
proteins and the filled circles polymeric proteins. The number 
associated with each experimental value indicates the identity of 
the protein as encoded in Table 1. The lines represent least-squares 
analyses of the values for the monomenc (except for proteins 20 
and 25) and the polymeric proteins. 


mined using the factors’ 0.857 and 0.714, respectively, to 
account for the surface lost in the monomeric unit by poly- 
merisation. As seen in Fig. 1, the values for the 30 proteins seem 
to cluster about two linear relationships with a common slope, 
one relationship being populated exclusively by monomeric 
proteins and the second principally by polymeric proteins. 

The slopes of these lines suggest that increasing the internal 
area of these proteins at the expense of surface area decreases 
the thermostability in the temperature range considered. As 
hydrophobic index and percentage apolar atoms are indepen- 
dent of polypeptide chain length, and as polar atoms are pref- 
erentially located on protein surfaces, it follows that more polar 
atoms, particularly those of the peptide backbone, must be 
internalised as the fractional surface area is diminished. Such 
internalisation of polar atoms in contrast to apolar atoms 
presents a problem, for burial of a polar atom not complemen- 
tarily hydrogen bonded in the internal apolar environment is 
energetically unfavourable. We propose that as more polar 
atoms need to be internalised to fold longer polypeptide chains 
into globular units, the probability of noncomplementary burial 
increases, leading to the decreased thermostability indicated in 
Fig. 1. In the case of burial of peptide backbone polar atoms, it 
should be noted that the amount of secondary structure, a 
common method to pair these atoms complementarily, is 
independent of chain size. The relationship exhibited by the 
monomeric proteins predicts that a polypeptide with a molecu- 
lar weight >60,000 folded into a single globular domain would 
be unstable when present in an organism maintained at 37°C. 
Fisher® has suggested that large polypeptide chains would be 
stabilised by forming asymmetrical structures, thus increasing 
their surface to volume ratios. 

Alternatively, the results shown in Fig. 1 suggest two alter- 


native ways in which the thermostability of larger polypeptide _ 


chains can be enhanced. One involves using globular surfaces to 
contribute to conformational stability through association of 


globular subunits to form polymers. Analysis’ of subunit inter-. 


faces suggests that polar complementarity provides the selec- 
tivity while apolar interactions provide the added stability for 
these inter-subunit interactions. The relationship exhibited by 
the polymeric proteins in Fig. 1 suggests that polypeptide chains 
with molecular weights up to about 160,000 would be stable at 
37°C provided that such chains fold into globular units and that 
the globular units polymerise. This limitation would encompass 
the polypeptide chain lengths of all globular polymeric pro- 
teins*. The results shown in Fig. 1 also suggest a second way to 
increase the thermostability of larger polypeptide chains, 
namely, folding a single chain into multiple globular domains. A 
case in point is the apparent enhanced thermostability of phos- 
phoglycerate kinase, protein 9. The crystallographic structure” 
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of this protein demonstrates that its single polypeptide chain 
folds into two globular domains of nearly equal size, with 
minimal interdomain contact; this conformation would increase 
the fractional surface area relative to folding into a single 
globular domain and accordingly increase thermostability. 
Analysis”? of the sequence of serum albumin suggests that this 
protein folds into three globular domains of closely related 
sequence, probably the result of fusion of duplicated structural 
genes. The position of the Ta for serum albumin, protein 20 in 
Fig. 1, suggests that its structure resembles that of a covalently 
linked polymeric protein. The position of the Tm for ovalbumin, 
protein 25, in Fig. 1, suggests that its relatively large polypeptide 
chain is also folded into more than one globular domain. 
Unfortunately, no sequence or crystallographic information is 
yet available for ovalbumin to validate this suggestion. 

In presenting our analysis of thermostability in terms of the 
size of globular domains and polymerisation of domains, we 
recognise that other considerations such as the presence of 
disulphide bonds, ligation of strongly bound metal ions, haem 
moities and other cofactors, packing densities, and intra-surface 
interactions will also influence thermostability. Indeed, such 
considerations may be partly responsible for the scatter of the 
values about the linear relationships considered in Fig. 1. We 
also recognise that the inverse A,/A, dependence on Ta for 
globular proteins produces an absurd extrapolation, namely, 
that the most thermostable protein would have no buned area. 
Clearly, other considerations must limit this relationship. 
However, it seems to extend to include pancreatic trypsin 
inhibitor, which has a A,/A, value corresponding to a Ta of 
111°C, as no ApH/AT discontinuity could be detected for this 
protein at temperatures up to 98°C. Although, as more 
information becomes available, our analysis of thermostability 
may suffer the same fate as the average residue volume cor- 
relation, a cursory review of thermal inactivation measurements 
for a variety. of enzymes suggests that size of globular domains 
and polymerisation are critical to protein thermostability. 

This investigation was supported by USPHS research grant 
GM-13215 from the Institute of General Medical Sciences. 
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Errata 


In the letter ‘The units of calcium conduction in Helix neurones’ 
by N. Akaike ef al., Nature 274, 379-382, ref. 6 should read: 
Kostyuk, P. G., Krishtal, O. A. & Pidoplichko, V. I. Nature 257, 
691—693 (1975). (This replaces the reference to a 1977 paper by 


_ the same authors.) 


In the letter ‘Single crystal analysis of the structure of stishovite’ 
by W. Sinclair and A. E. Ringwood, Nature 272, 714, 
in paragraph 4 line 2 the space group should read: 
P 4,/m2,/n2/m. 


In the letter ‘Origin of pregalactic microwave background’ by 
M. J. Rees, Nature 275, 35-37, in paragraph 1 lines 5, 6 should 
read: (8p/p)< M" (G< a x $) (refs 12-15). Also, in paragraph 6 
lines 1, 2 should read: Nucleosynthesis could have supplied 
heavy elements by t= 10’ yr. 


matters arising 


Volatilisation of methyl- 
mercuric chloride 
by hydrogen sulphide 


TREATMENT of 
chloride with hydrogen sulphide in 
aqueous solution has been shown by 
Rowland et al. to result in volatilisation of 
mercury’. The volatile product was not 
identified but was considered to be a 
‘volatile sulphur compound of methyl- 
mercury’. Volatilisation of mercury and 
concurrent lowering of the pH of the 
aqueous solution’ can be explained by 
formation of-  dis(methylmercuric) 
sulphide (A). 
2MeHegCl + H:S = (MeHg}S(A)+ 2HCI 
(1) 


This reaction has previously been carried 
out in ethanol™. The foul odour of A 
(ref. 2) indicates that it is volatile, even 
though it is a solid at room temperature. 
Loss of mercury caused by ammonium 
sulphide’ can also be attributed to 
formation of A. 


2MeHgCl+S* = (MeHg)S+2Cl” (2) 


The reduced effectiveness of this reagent 
compared with hydrogen sulphide’ can 
be explained by the simultaneous occur- 
rence of reaction (3). 

MeHgCl+S? ==MeHgS +C (3) 


Reactions analogous to (2) and (3) have 


been observed between MeHgBr and- 


Na-S (refs 4, 5). 
Absorption of the volatile mercurial by 


alkali’ can be attributed to formation of. 


the known® sis(methylmercuri)oxonium 
hydroxide (B) (contrast with doubtful 
existence of MeHgOH’). 


3(MeHg),S + 30H” +H,0 
—» 2(MeHg)},0°OH (B)+3SH” (4) 


The ionic character of B would explain 
the failure of the base-soluble species to 
undergo chromatography’. Although 
chloride ions, from absorption of vola- 
tilised HCl, would also be present, the 
equilibrium (5) would lie well to the left. 
However, extraction with toluene would 
remove the non-ionic methylmercuric 
chloride and drive the equilibrium to the 
right, explaining recovery’ of MeHgC! by 
this method. 


(MeHg),O*OH +3Cl-+H,O 
=. 3MeHgC1+30H” (5) 


The volatilisation of methylmercury 
could also be explained by formation (6) 
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methylmercuric ' 


MeHgCl+H,S==MeHgSH+HC! (6) 


of MeHgSH (reported preparations’), 
and reactions (2) and (4) could be 
modified to accommodate this. However, 
reaction (6) has not previously been 
demonstrated, whereas there is precedent 
for (1}(3)*", hence A is preferred as the 
source of volatility. Since A is unstable, 
decomposing by (7), dimethylmercury 
and mercuric sulphide would probably be 
the ultimate products from MeHgCl and 
H-S in an environmental situation. 


(MeHg)sS > Me.Hg+HgS (7) 


G. B. DEACON 
Chemistry Department, 
Monash University, 
Clayton, Victona, 
Australia 3168. 
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World’s oldest 
animal traces 


BIOLOGISTS and biogeologists would 
like to know when multicellular animal 
life began. Well authenticated records 
show that it was present by ~680 Myr ago, 
but older records have not withstood 
scrutiny. Clemmy’s report’ of metazoan 
burrows from 1,000 Myr old rocks in 
Zambia therefore excited great interest. I 
have examined the specimens and seen 
Clemmy’s coloured slides of the outcrops, 
and this examination and subsequent 
research led to a different conclusion from 
his. The Zambian burrows are undoubt- 
edly metazoan and indigenous to the 
sedimentary deposits in which found, but 
they are of post-depositional origin and 
related to a geologically recent surface. 
Evidence for this conclusion rests! in 
the bleached, saprolitic nature of the 
host rock and the contrasting red and 
pink banded burrow-fillings, containing 
rounded, ferromanganese-coated quartz 
grains that are much larger than particles 
of the adjacent matrix. Such characteris- 
tics suggest introduction of burrow-filling 


material from a relatively recent latenn 
| oxidised to the ferric state and hence the 


weathering surface. 
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Forther study and inquiry among 
students of the social insects led to the 
additional conclusion that Clemmey’s 
burrows are the work of termites, digging 
through and parallel to the softer layers of 
the steeply dipping saprolitic rock to 
obtain water for humidification of their 
nests. From publications and correspon- 
dence with termite specialists M. Lüscher, 
Ch. Noirot, M. L. Roonwal and W. A. 
Sands, I found that termites do burrow to 
depths of 70 or more metres to reach the 
water table, that they burrow preferen- 
tially in the least resistant parts of the rock, 
and that they backfill unused burrows with 
surface matter producing laminated bur- 
row-walls and a banded ‘spreite’ pattern 
like that illustrated by’ Clemmey. His 
observation that the burrows are parallel 
or nearly so to the bedding, and that they 
favour particular stratigraphic levels, 
would be consistent with descent along the 
softer of the steeply dipping strata of the 
Zambian Copperbelt. 

The ‘above comments apply mainly to 
burrows of the type of Clemmey’s Fig. 1. 
The oval profile, pinching and swelling 
along their lengths, and terminal branch- 
ing of such burrows is also termite-like. 
The bioturbation of his Fig. 2 may repre- 
sent a zone of termite foraging or collapse. 
Specimens like ‘his Fig. 4 (with a hollow 
interior) resemble the covered passage- 
ways through which termites cross lighted 
areas. . 


PRESTON PEOD 
US Geological Survey, 
and Department of Geological CEPTE 
University of California, 
Santa Barbard, CA 93106 . 
1 Cimmmey,H Nere 261, 576 (1978) 


CLEMMEY REPLIES—I agree that the 
burrows I described are only obvious after 
weathering, but this is a feature shared by 
much of the internal fabric of rocks and. 
in this case has an explanation. The red 
and pink banding results from weather- 
ing of the microchemical/mineralogical 
differences between bioturbated and non- 
bioturbated sediment. Within the burrows 
it reflects the differences between sedi- 
ment passed around the body or through 
the gut of the animal and such differences 
are to be expected in bioturbated sedi-: 
ment’. 

The burrow, as a microreducing 
environment, attracted the precipitation 
of iron sulphides, which ideally would be 
more concentrated in the zones of the 
bioturbated sediment richeśt in organic 
matter. On weathering the ferrous iron is 
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red and pink shades. The country rock 
depending on its iron content weathers 
cream, brown, or pink. Within the bio- 
turbated sediment and sometimes in the 
country rock are pools of authigenic 
quartz such as may be formed when sili- 
cates are breaking down under biogenic 
attack or during weathering and are 
releasing large amounts of silicic acid. 
These are the ‘quartz grains’ referred to by 
Cloud. 

If the burrows were made by termites, 
why did those making type A (ref. 2) 
burrows live only above the 2 m of strata 
at the base of the Orebody Member whilst 
the succeeding 2 m are characterised only 
by those making type B burrows’? And 
why is the unit containing the burrows 
overlain by hundreds of metres of iden- 
tical lithologies which show no signs of 
bioturbation. I believe that the burrows 
are not those of termites nor are they 
lithologically controlled, but they are 
paleofacies-controlled. The transition 
type A to type B burrows reflects the 
transition from intertidal to lagoonal/ 
lacustrine sedimentation, as indicated by 
facies studies’. 

Total destratification, such as indicated 
by my Fig. 2 (ref. 2), produces a swirled 
fabric in the rock; this is explained only by 
invoking contemporaneous sedimen- 
tation and bioturbation. For while small 
tunnels of termite origin are at least 
conceivable, complete fluid mixing over a 
thickness of several centimetres is not. 
This fabric implies that the medium 
undergoing bioturbation was granular and 
wet. 

The idea that type B burrows REST 
covered passageways is not feasible. The 
burrows are an integral part of the rock, 
are not confined to exposed bedding sur- 
faces and can be revealed by excavating 
the strata. They have pellet-formed walls 


which may show disintegration at the, 


burrow termination into equidimensional 
pellets. Again these are part of the rock 
and not surficial features: 

As far as it is possible to tell, the bur- 
rows (unequivocally metazoan according 
to Cloud) were formed contem- 
poranoously with the sedimentation of the 
containing units about 1,000 Myr ago. 


Sec. Am Bé, 1244-1254 (1975) 
1, 376-578 (1976) 
Ancam and kodera Lake Sedunenis (oda 
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No paradox in the 

control of energy intake 
AS Rothwell and Stock! note their, results 
refute the notion that a particular size of 
energy store precisely controls energy 
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intake in rats. Other reports”™ agree with 
this. However, contrary to what is 
claimed, their results do not necessarily 
reveal-a paradox or physiological enigma 
in the control of energy intake in the rat. 
They are clearly compatible with the 
theories of Kleiber’, Adolph®, Ugolev’ 
and Booth’, in which energy metabolism 
controls feeding and the energy store is 
only one component in the feedback 
system. Rothwell and Stock state that our 
model’ has yet to include effects of body 
energy increments. On the contrary, in a 
publication which they cite’®, and else- 
where'', we have included a represen- 
tation of effects of energy store size on 
intake through energy metabolism. We 
also emphasised that although the energy 
store may settle at a particular size? 
there is no privileged size either achieved 
or used as a homeostatic set-point. In 
these simulations the precision of defence 
and (if a specific size is maintained) the 
value defended depends on a compromise 
between the small but persistent graded 
effect of store size on metabolism and all 
the other dietary and endocrine condi- 
tions affecting metabolism. 

Rothwell and Stock also state that it is 
difficult to conceive how such a model 
could explain an increase in fat deposition 
rather than a decrease in intake when 
energy supply is in excess of requirements. 
However, our model probably provides 
several ways of increasing efficiency 
without altering intake. For example, a 
change in regimen might divert a higher 
proportion of absorbed energy into fat, 
while also reducing the faecal excretion of 
energy or the thermic effect of feeding. All 
these effects would be liable to increase 
the size of the energy store in the model. 
The extra metabolism from the increased 
retention of energy intake would help 
reduce intake, and the extra diversion 
after absorption would help to increase it. 

The importance of Rothwell and 
Stock’s data lies in the questions raised as 
to the exact mechanism(s) by which 
dietary changes can alter the relations 
among the processes of utilisation, storage 
and intake. Quantitative simulation is of 
similar importance. | 

D. A. BOOTH 
Department of Psychology, 
University of Birmingham, 
Birmingham, UK 
F. M. TOATES 
Division of Psychology, 
Preston Polytechnic, 
Preston, UK 
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ROTHWELL AND STOCK REPLY—We 
apologise to Booth and Toates if we have 
neglected those aspects of their feeding 
model that take into account energy 
storage. Nevertheless, we were well aware 
(and said so) that the increased fat deposi- 
tion of our animals results from an 
increased metabolic efficiency (almost 
certainly due to a decreased thermic effect 
of feeding), thus providing a larger frac- 
tion of total ingested energy available to 
metabolism. According to Booth and 
Toates, this excess energy would either 
reduce total energy intake or, if diverted 
to fat storage, help to increase intake. In 
fact, we found that total energy intake 
remained at precisely the same level as 
that in the free-feeding control animals. 

We would also suggest that an ener- 
gostatic approach fails to account for the 
differences between the two types of 
energy load used in our experiments, that 
is, fat and Complan. If one accepts 
Booth’s proposal’ that it is the availability 
of energy that determines intake, it is 
logical to assume that isoenergetic 
stomach loads will have similar effects on 
voluntary energy intake. In our experi- 
ments, however, rats tube-fed 34% of 
normal intake precisely compensate for 
the load when it is a balanced nutrient 
mixture, but over-cat by 15-16% when 
the load is comprised of fat. This suggests 
that an energostatic approach may be too 
simplistic and, since our original letter was 
published, Savory has written to us 
supporting this view. He obtained very 
similar results to ours by feeding quail 
with diets of varying energy density’, and 
one of his conclusions from this work was 
that “... differences in energy expen- 
diture were not balanced by differences in 
nutrient intake, so perhaps the quail were 
regulating food intake to meet their 
requirements for some dietary component 
other than energy”. 

There are many attractive aspects of the 
energostatic model of Booth and Toates, 
and we regret that they did not take 
advantage of their computer simulation to 
substantiate the claim that our results are 
compatible with their feeding model. We 
hope that they will do so and if necessary, 
as we suspect it will be, make appropriate 
alterations. 

NANCY J. ROTHWELL 
M. J. STOCK 
Department of Physiology, 
Queen Elizabeth College, 
Campden Hill Road, 
London W8, UK 
1 Booth, D A Physiel Bekas 9, 199-202 (1972) 


2 Savory, C J & Geatie, MJ. By Ponkt Ser 17, 571-580 
(1976) 
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Induced suction and 
lithospheric plate pull 


SHOEMAKER’ proposes to explain the 
driving force of plate tectonics as ‘induced 
suction’ by the low density sediments in 
the trench. However, his calculation, 
which is based solely on fluid statics, does 
not tell us what the energy source for the 
motion is, neither does it tell us anything 
essentially new about subduction 
dynamics. 

To illustrate this, consider an experi- 
ment in which a high viscosity fluid is 
flowing steadily over the edge of a 
horizontal table. The fluid which has just 
passed over the edge responds to the 
unbalanced vertical force of gravity, and 
this force is ‘communicated’ to the rest of 
the fluid by means of a horizontal pressure 
gradient (that is, the upper surface of the 
fluid is no longer horizontal). A statics 
calculation of the type made by Shoe- 
maker would demonstrate that the table 
edge provides ‘suction’, but this obscures 
the fact that the cause of the motion is the 
vertical force of gravity. The essentials of 
the argument still apply if the rheology is 
more complicated. 

In the plate tectonics context, the value 
Shoemaker obtains for the ‘suction’ is 
nothing more than the downward force on 
the subducting slab, presumably caused by 
gravity’. Trench depression can be pre- 
dicted by a dynamical calculation’, and 
the accumulation of sediments at the 
trench is an effect of plate motion, not a 
cause, 


D. J. STEVENSON 


Research School of Earth Sciences, 
Australian National University, 
Canberra, Australia 2600 


L Shoemaker, E. M. Nature 272, 241 (1978). 
2. Stevenson, D. J. & Turner, J. S. Nature 2778, 334 (1977). 
3. McKenzie, D. P. Geophys. J.R. astr. Soc. 18, 18 {1969} 


SHOEMAKER REPLIES—Induced suc- 
tion’ is a consequence of the combination 
of two conditions being satisfied by the 
subduction process: first, that the fluids or 
materials above and below the subducting 
plate have different densities and second, 
that the subducting plate bends beneath 
the overriding plate in contrast to the 
idealised situation where it passes from 
the horizontal to the downward dipping 
state through a sharp corner’. The force of 
induced suction is not the downward force 
of the subducting slab nor is there any 
direct connection between these two 
forces. There is an obvious indirect 
connection in that the downward force of 
the subducting slab has a major influence 
in creating the downward bend which 
causes the induced suction. 

The major energy source for plate 
motion may be downward pull of the 
subducting slab; it might be something 
else. However, any consideration of 
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energy is immaterial to the argument 
presented for ‘deriving’ the existence of 
induced suction, The argument was based 
on equilibrium which has equal validity 
with energy principles. 

There is no connection between the 
example of a highly viscous fluid flowing 
over the edge of a table and induced 
suction, The ‘communication’ between 
the downward flowing fluid and the 
horizontal flowing fluid on the table is 
provided by the table edge; the horizontal 


‘component of the force exerted by the 


table edge upon the fluid pulls the fluid 
along the table. This is not induced 
suction. Moreover, the fluid will certainly 
flow if, for example, there is air above and 
below the fluid ‘slab’. 


E. M. SHOEMAKER 


Faculty of Science, 
Simon Fraser University 
Burnaby, British Columbia VSA 1856 
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Circadian variation in 
immune response to 
oxazolone 


FACHET AND ANDO' suggest that 
cellular and humoral responses to 
oxazolone are under the control of H-2 
genes. Their evidence for the control of 
cellular immunity was based on the 
differences between inbred and H-Z 
congeneic strains of mice in the magnitude 
of the delayed hypersensitivity response 
to oxazolone. This was measured in the 
ears of sensitised mice as the difference in 
ear thickness measured immediately 
before and 24 h after challenge. Using this 
method, we have demonstrated in rats 
that the magnitude of the maximum 
immune response depends on the time of 
day at which oxazolone is applied to the 
ears’. Subsequently, we have shown that 
there are circadian variations in the skin 
response to the injection of purified pro- 
tein derivative in man’. It seems that the 
time of day at which the antigen is 
encountered influences the magnitude of 
the delayed hypersensitivity response. 
Most investigators carry out experi- 
ments at the same time of the day. We 
would welcome an assurance from Fachet 
and Ando on this point, for if their 
experiments were not standardised to one 
time of challenge for all the mouse strains, 
this affects the interpretation of their 
findings. Additionally, if the oxazolone 
challenges were given over a long time 
span wwithin a single day this might affect 
the results adversely, as the maximum 
observed response to challenge with 
oxazolone at 10.00 in the rat is over eight 
times the minimum response at 16.00. 
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Data on the time of challenge and the 
lighting regimen of the animals are not 
available in the paper from the Hungarian 
Unit which therefore does not contain 
sufficient details for the experiments to be 
repeated, surely a prerequisite of any 
scientific publication. 

Biological rhythms influence many cell- 
mediated and humoral immune processes 
with effects which are often of a high order 
of magnitude. Our recent finding (unpub- 
lished) that the delayed hypersensitivity 
response to oxazolone can be manipulated 
by altering the lighting regimen of the 
animals is a further demonstration that the 
basic principles of chronobiological 
experimentation need to be introduced 
immediately into immunological studies. 


R. POWNALL 

J. R. COVE-SMITH 
TRICIA A. KABLER 
INGE KOWANKO 
M. S. KNAPP 


Chronotherapeutic Research Group, 
Renal Unit, 
City Hospital, Hucknall Road, 


Nottingham, UK 
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FACHET AND ANDÓ REPLY-—The 
points raised by Pownall ef al. are of 
interest and we make the following com- 
ments. All experimental mice of the H-2 
congeneic strains used were sensitised 
and their delayed-type hypersensitivity 
(DTH) to oxazolone was tested between 
09.00 and 11.00. The same timing of 
experimental procedures was applied 
when the DTH to oxazolone was tested in 
a larger number of animals of the same 
strain and in mice of other inbred mouse 
strains. The same conclusion was reached 
concerning the effect of genes within and 
outside the H-2 complex. A single strain 
has not been independently tested; a 
series of different strains only has been 
investigated and used for comparison’. 

Within the scope of our experiments we 
found no diurnal variation in responsive- 
ness on testing H-2 congeneic mouse 
strains with oxazolone but it well might 
occur in different conditions. 


J. FACHET 


I. ANDO 


Institute of Genetics, 

Biological Research Center, 

Hungarian Academy of Sciences, 

PO Box 521, H-6701 Szeged, Hungary 
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Seed Pathology 
Volumes 1 and 2 


Paul Neergaard 

This is a unique and comprehensive 
compilation of the most recent data on the 
subject, brought together by an 
internationally recognised authority. it is the 
first book in this field and it is thoroughly up 
to date. 

Paul Neergaard gives a comprehensive 
survey of research and current concepts 
relating to seed-borne diseases, the methods 
used for their identification and control, the 
mechanics of their transmission through 


seeds, procedures for laboratory seed testing, 


and the risk assessment of crop losses due to 
seed-borne diseases. The book will have a 
wide application both as a university 
textbook and as a practical guide and 
reference work for those involved in almost 
any sphere of the subject. 


£60.00 for set of two volumes 
0 333 19273 7 


Please order through your local supplier or 
send £61.50 including carriage, to Technical 
Books Services, P.O. Box 79, Maidenhead, 

Berkshire SL6 2LG 
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edited by C.A. Croxton, Departrnent of Mathematics. 
University of Newcastle, New South Wales, Australia. 


The most recent major reviews have outlined the essentially 
sound statistical mechanical foundation of the physics of 
simple liquids as it stood in the mid-sixties. Since then, 
significant advances have been made into more difficult and 
controversial fields, in particular quantal and critical systems, 
irreversibility, transport phenomena, phase transitions, mol- 
ecular and polymeric systems, liquid crystals and the role of 
triple effects. These and other topics are discussed in this 
collection of review papers. The volume not only attempts to 
consolidate existing knowledge and understanding but also 
focuses attention on some of the major outstanding concepts 
and difficulties which remain unresolved. The book also 
indicates the development of the subject of liquid physics away 
from simple fluid systems towards new applications in adjacent 
fisids. 


March 1978 602 pages 
0471 99445 6 $55.00/£25.00 


introduction to LiquidState Physics 
by C.A. Croxton, Jesus College, Cambridge. 


This book was written in the belief that the theory of liquids is 
now ready for dissemination on to a wider and more general 
audience — to chemists, metallurgists, biophysicists and 
engineers, not to mention the non-specialist physicist who also 
needs to know something of the liquid state. Short accounts are 
presented of irreversibility, phase transitions and transport 
phenomena, liquid metals and liquid-crystal systems. in- 
avitably, some selection has to be made, and therefore the 
more complex molecular systems such as glasses, water and 
fiquid mixtures could not be included. 

The equilibrium theory of simple fluids is dealt with at length, 
together with the statistical thermodynamics of the free liquid 
surface, and extensive illustrative use is made throughout of 
the computer simulation schemes which are now central aids 
in the theoretical development of the subject. 


April 1975 296 pages 
0477 18933 2 (cloth) $23.15/£10.90 
0471 18934 0 (paper) $12.10/£5.70 


introductory Eigenphysics 


An Approach to the Theory of Fields 

by C.A. Croxton, Jesus College, Cambridge. 

This book gives a physica! introduction to the mathematical 
treatment of a large number of problems taken from physics, 
geophysics, astronomy and chemistry. Emphasis throughout 
the book is on the physical basis of the problems discussed, the 
mathematical background is relegated to a series of appendices 
so as not to interfere with the physical development. Unlike 
other treatments which suffer from a surfeit of mathematical 
rigour at the expense of physical understanding. in this 
approach the mathematics is regarded firmly as a tool of the 
physics. It is no coincidence that so few differential equations 
describe so much physics. and in the bock the author fully 
exploits this unifying basis of the subject in an attempt to break 
down the conventional division between quantum and 
classical mechanics, between physical optics and electron 
Scattering, or between electrostatics and aerodynamics. 
Supplementary problems are given at the end of the chapters. 


“There are many interesting exercises for the reader... i do, 
however, warmly recommend the book to teachers.” 

Michael Berry, NATURE 

286 pages 

{cloth} $22.70/£10.70 

(paper) $11.45/£5.40 
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Introduction to Liquid State Chemistry 


by Y. Marcus, Department of Inorganic and Analytical 
Chemistry, The Hebrew University, Jerusalem. 


This introduction to liquid state chemistry applies the tools of 
Statistical mechanics and thermodynamics to the equilibrium 
properties of liquids and liquid mixtures, so that reactions and 
interactions phenomenclogically described can also be 
understood, and made the basis for predictions regarding 
systems not yet studied. Non-polar liquids, electrolyte 
solutions, molten salts, non-aqueous solvents, and liquid 
metais and alloys are brought together in one volume and 
discussed from a unified point of view, based on common 
models. 


June 1977 
0471 99448 0 


Intermolecular Forces 
by T. Kihara, Department of Physics, University of Tokyo, Japan 


This is a survey of the theory of intermolecular forces. Topics 
such as quantum-mechanical perturbation theory, statistical 
mechanics and the kinetic theory of gases, and structures of 
molecular crystals are treated assuming only an elementary 
knowledge of quantum mechanics. 


June 1978 192 pages 
0471 99583 5 $20.00/ £9.50 


Advances in Chemical Physics Vol. 37 


edited by |. Prigogine, Université Libre, Brussels, 
and S.A. Rice, University of Chicago. 


This reports, interprets, and evaluates progress in the field of 
chemical physics. Topics covered have been chosen by the 
editors for their timeliness in the field and are treated 
comprehensively and without limitation of space by their 
respective authors. 

Further volumes are in preparation. (Series: Advances in 
Chemical Physics) 


August 1978 410 pages 
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Rationality and actions 


A Rational Animal, and Other Philoso- 
phical Essays on the Nature of Man. 
By Anthony Flew. Pp. 245. (Clarendon/ 
Oxford University Press: Oxford, 
1978.) £5.95. 


THE attempt to demonstrate. on a 
priori grounds that natural science 
can never fully explain human be- 
haviour has been a fashionable parlour 
game amongst philosophers for some 
time. This question—and associated 
problems hinging on -the nature of 
freedom of choice and rationality—is 
addressed by Professor Flew with some- 
what more caution and subtlety than 
has been displayed by many of his 
predecessors. Each of the essays of 
which A Rational Animal is: composed 
attacks the views of one or more other 
thinkers: the targets range from Hume 
to Lenin, and one cannot help feeling 
that many of them, like Skinner and 
Freud, were so philosophically naive 
that they do not require the weight of 
artillery that Anthony Flew brings to 
bear. Moreover, his method of -pro- 
ceeding has the serious disadvantage 
that amidst the smoke of battle, it 
becomes difficult to discern the position 
occupied by the author himself. One 
longs for a clear statement of his own 
views, and if in what follows I have 
misinterpreted him, he is at least 
partly to blame. 

He bases much of his argument on 
our knowledge that we are free-to 
‘choose: whenever we perform a 
voluntary action, we know that we 
could always hdve acted otherwise 
had we so chosen. He takes this 
alleged fact to 
Laplacean determinism which proposes 
that each state of the Universe is 
necessarily caused by its antecedent 
state. The ‘fact that we can make 
voluntary, movements implies that 
“What there certainly cannot be... is 
an unbroken chain of sufficient physical 
causes stretching back indefinitely. It 
would therefore seem that the central 
nervous system must either be or 


contain an apparatus of which the total ` 


input does not contingently necessitate 
every element of total output.” He 
acknowledges that this suggestion is 
made reluctantly and. elsewhere he 
seems to write as though there were 
no need for this drastic solution, which 
implies that the matter in our brains 


irreconcilable with ` 


a ; 
obeys different, laws to those currently 
thought to hold in inanimate, matter 
As has often been noted, the mvoca- 
tion of . Hetsenberg’s uncertainty 
principle is of no.help as choices are 
not made at random and therefore 
cannot themselves be determined. by 


random events at the quantum level. 


Flew’s own arguments do not in fact 
seem to necessitate his conclusion. 
It no more follows from the fact that 
we, feel free to choose that we are 
free to choose (in the sense that our 
choice ts not determined, by the state 
of our brains) than it follows that 
someone who is convinced he can grow 
wings can grow wings. Moreover, to 
believe that someone might have chosen 
differently is surely not inconsistent 
with believing that-he would only have 
done so had he been in a different 
antecedent psychological state. This is 
not -to deny the difference between 
voluntary and «nvoluntary acts. It 
could be argued that we feel free to 
choose because we have no way of 
knowing with certainty what we will 
do until we decide to do it: in order 
to know in advance, we would have to 
simulate at time A our state at time B, 
and the possible effects of undertaking 
this simulation at time A on our state 


at time B could not be aes in the 
- simulation itself. 


Flew concludes rr en actions 


can never be explained and predicted 


by physiology: he is correct, but for 
the wrong reasons. We can no more 
explain human activity in terms of 
goings-on in individual nerve cells 
than we can explain how a computer 
program works in terms of transistors 


To understand how any organised 
system of matter works, we must 
develop concepts appropriate to that 
kind of system. We can understand 
and predict the hunting behaviour of a 
system incorporating negative feedback 
only in terms of control theory not 
in terms of previously existing physical 
concepts. Similarly, the scientific ex- 
planation of behaviour requires the 
development of concepts appropriate to 
understanding the organisation of the 
brain in relation to the external world: 
such concepts may not be physical or 
even physiological, but in as far as 
they are both precise and render human 
actions intelligible in a rigorous way, 
they are nonetheless scientific. Nor 
does the need to evolve such ex- 
planatory concepts suggest that be- 
haviour is undetermined any more 
than the fact that computer programs 
cannot be understood in terms of tran- 
sistors suggests that the outcome of 

running a program is undetermined. 
A small beginning has been made 
towards developing the requisite ex- 
Planatory conceptual system within 
the disciplines of cognitive psychology 
and artificial intelligence, and it is a 
pity that philosophers who write about 
rationality and actions do not examine 
these disciplines rather than castigating 
psychoanalysts, who are not scientists, 
and physiologists, who work at the 
wrong level of abstraction to be in the 
business of explaining human actions. 
a 


Stuart Sutherland is Professor of 
Experimental Psychology at the University 
of Sussex, UK. 


Commissure-section studies 


The Integrated . Mind. By . M. s. 
Gazzaniga and J. E. LeDoux Pp 168. 
(Plenum: New York and London, 


‘ 1978.) 


THE rarity of certain kinds of neuro- 


logical condition is well, recognised. 
Any investigator who obtained access 
to more than one case. of visual or 
tactile object agnosia or more 
than one case of cortical blind- 
ness or achromatopsia in a lifetime 


- would count himself lucky indeed. 


Surgical brain bisection falls into a 
related category. Those of us who work 
outside of the USA will never have 
the opportunity to examine such 
patients (except by visiting the USA), 
because only in America have the 
fibre pathways connecting the cerebral 
hemispheres been surgically divided for 
the relief of epilepsy. Three separate 
major series (and one smaller series) of 
commiussure-sectioned patients exist. 
The earliest patients were investigated 
before modern and subtle tests of brain 
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-behaviour relationships had been 
devised. The next (Californian) series 
is associated with the names of R. W. 
Sperry and J. Bogen. These patients 
were carefully studied after exception- 
ally radical commissure-section; but, 
regrettably, only a proportion of the 
patients have been described in the 
literature. The most recent (New Eng- 
land) series is smaller in number and 
the patients underwent less extensive 
neurosurgery. 

Michael Gazzaniga, the senior author 
of this book, has a unique advantage: 
personal experience of both the Cali- 
fornian and New England series of 
patients. In addition, he is the origina- 
tor of many important experiments on 
‘split-brain’ monkeys, and he described 
some of the earlier findings in 1970, in 
his book The Bisected Brain. In the 
present book we are brought up to date 
with recent findings from the New 
England series, The intention is to 
** _. reestablish a basic, sober frame- 
work for considering studies on cere- 
bral commissurotomy’’, as a counter to 
“|. a barrage of popular and over- 
dramatized accounts... largely written 
by people who had never seen a 
patient...” (p6). 

Will the reader (if he is not put off 
by the title of the new book, or by the 
statement on pl that “The corpus cal- 
losum, the largest fiber tract in the 
human brain, contains over 200 million 
neurons .. .”’) find what is promised? 
Sadly, no. The majority of observa- 
tions reported in the book have already 
been published in the journals, There 
is no systematic attempt to group the 


Whale 
primer 
Whale Manual ’78. Friends of the 


Earth. Pp. 152. (FOE: 9 Poland Street, 
London, 1978.) £2. 


WHALES are by now a well established 
cause célébre of the conservation 
movement, popular on television, and 
almost universally admired for their 
benign dispositions and mournful 
singing. So it comes as something of a 
jolt to digest the idea that whales 
could produce a sustainable 2 million 
tonnes of protein annually (some say), 
worth perhaps some $690 million with 
present prices and utilisation patterns. 
This little book may help to provide 
the information to help develop a 
balanced view on whales and their 
management, although it remains an 
enigmatic subject in a manner in which 
the management of herrings or 
anchoveta is never likely to be. 

In many ways this book is quite 
excellent. It is ideal as a brief, fact- 
filled primer on whales and the man- 


observations by the extent of surgery, 
by the duration or amount of pre-sur- 
gical pathology, or by the length of 
time since surgery at the time of test- 
ing. Indeed, a large part of chapter 3 
is based on the performance of a single 
patient (P. S.). Yet we read (p85): “In 
contrast to all the other patients ex- 
amined in both series is case P., S.”, in 
whom “. . . we observed an incredible 
range of language skills in both hemis- 
pheres.. .’’. Certainly, the observations 
forming the basis of chapter 3 were 
non-linguistic, but no reasons are given 
why they were not confirmed on other 
more typical patients from either series. 
And yet, in another framework, the 
book can be recommended. It is essen- 
tially an account of the authors’ wide- 
ranging views on such topics as the ori- 
gins of lateral asymmetries, the role of 
language, the basis of intelligence and 
consciousness, the relationship between 
perception, imagery and memory, and 
many more such issues. Most of the 
opinions are original and provocative; 
and as opinions they are well argued. 
In due course adequate evidence to 
support these opinions may be forth- 
coming. Meanwhile, the book will serve 
as an intellectual stimulus to a wide 
range of neuroscientists who are ac- 
customed to making only painfully slow 
progress in their own laboratories or 
clinics: given an “integrated mind”. 

what limit is there to our theorising? 
G. Ettlinger 


G. Ettlinger is Prafessor of Neuropsycho- 
logy at the Institute of Psychiatry, Univer- 
sity of London, UK. 


agement thereof, as long as one 
accepts that the authors have a (ten- 
able) point of view which significantly 
colours the text. Not that the contents 
exclude other people’s views, but they 
are dealt with somewhat erratically. 
For example, there is some lack of 
understanding of the reality of 
economic life, allied to a consistent 
undertone that, really and truly, 
whales ought not to be considered 
as a resource at all but as some sort 
of monument to man’s humanity to 
mammals. This lack of appreciation of 
economic factors is illustrated in 
chapter 6 where the justification for 
discussing the economics of the whal- 
ing industry solely on the basis of the 
Japanese industry and not that of the 
USSR is partly the fault of a deficiency 
of data but mainly results from the 
fact that the same economic arguments 
apply to both nations; and in any case 
slaughtered whales are not interested 
in “the nicety of distinction between 
state capital and private capital’ (p46). 
Although the whales may not be 
bothered in the short run, to dismiss 
this vital distinction in the exploitation 
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of what is. as FOE indeed rightly stress, 
an international common property re- 
source, is not only unjustified but is 
dangerous. Not only do Soviet fleets 
operate under significantly different 
economic parameters, but, as again the 
FOE stress elsewhere, the USSR has 
much to gain from any curtailment of 
solely private capitalistic exploitation. 

Overall, the book is fairly good value 
as it is full of the sort of data and 
arguments that anyone interested in 
whales would want to see. It suffers 
from being an update of a 1975 version, 
which was an update of the 1972 
original. By now it has had a total of 
17 authors, and accordingly the de- 
liberately simple style is now patchy, 
frequently staccato and occasionally 
irritating. Presentation of the data is 
generally satisfactory, although some 
still refers only to 1974-75 which 1s 
perhaps disappointing. The few illus- 
trations are rudimentary, but the bib- 
liography is appropriate for the context. 
The stated objective of the book is to 
spread information to a wider public, 
and in this it is likely to succeed. Those 
in a position to make influential de- 
cisions, however, will want to study 
elsewhere too. Michael Dunn 


Michael Dunn is Principal Lecturer in 
Unit at 


the Marine Resources Research 
Portsmouth Polytechnic, Portsmouth, UK. 
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“Political Science in our 
Age of Tele-communications” 
(cf. Ampere and Plato, not Wiener). 


A Law of Nature: 


Scientific Method (Popper's World 3) 
Neural Modelling (Popper's World 2) 
Genetic Modelling (Popper's World 1) 


are operationally isomorphic processes for 
the very survival of all Life on Earth. 
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D. R. Chick 


PROFESSOR D R. Cuicx, F.LEE,, 
F.Inst.P., F LE R.E., Head of the De- 
partment of Electronic and Electncal 
Engineering at the University of Surrey 
since 1965, died suddenly at his home 
in Surrey on 11] June 1978 aged 61. 

He was one of the' many young 
scientists in the 1930s who began their 
working life on the applications of 
radar, which were so. vital to the win- 
ning of the war His experiences in the 
field in wartime conditions, where it 
was so essential to impress the young 
local commanders that the. civil scien- 
tists were, not wasting everybody’s time, 
surely helped him form some of his 
strongest characteristics :, a quick and 
accurate assessment of people, straight, 
often blunt speaking. a sound scientific 
and economic judgment. and-not least 
a strong personal loyalty to his own 
staff and colleagues One such - ex- 
perience where the accommodation 
offered to him and his co-workers fell 
far below that expected considering 
their equivalent army rank led to a 
walk-out, much to. the distress of the 
commanding officer. who to save his 
own reputation swallowed his buds and 
begged their return. >- 

Immediately after the war, Chick 
turned to industrial research. joining 
the AE I company at the new research 
laboratory of Aldermaston Court For 
17 years, he was in charge of various 
nuclear physics activities of the com- 
pany and made large contributions in 
several different ways His group deve- 
loped and constructed electrostatic 
generators and a helical particle accel- 
erator for basic physics research, and 
among much fundamental work he and 
colleagues measured excited levels: in 
arsenic 75 produced by radiative cap- 
ture of protons by germanium 74 This 
led to a patent application in 1957 
relating to the production of p-n junc- 
tons im germanium or silicon by 
nuclear transmutation following ir- 
radiation with protons. It is significant 
that today transmutation doping - of 
silicon by neutrons 1s used for special 
devices. 

Also. with Sir George ‘Thomson, a 
large section was devoted to the ther- 
monuclear research programme. so 
important in future fusion reactors, 
Using a torus named Sceptre. In 1957. 
this group, working closely with a Har- 
well team possessing a larger torus 


named Zeta, announced the production 
of neutrons from the discharge and 
subsequently studied some of the insta- 
bilities which develop in toroidal gas 
discharges carrying large currents 

His third major achievement in this 
period was the installation of a 5 MW 
pool type research reactor designed and 
developed by his group in conjunction 
with AE I. John Thompson Ltd. This 
reactor was the first publicly owned one 
and received reactor licence no. I mm 
the U K; it was officially opened by 
H R.H. the Duke of Edinburgh in 
1959. It was used for research and con- 
tract work and two simular reactors 
were sold by AEI John Thompson, 
one in Germany and one to the Atomic 
Energy Authority at Aldermaston. 

In the mid-60s, it was appropriate 
that this wealth of experience in both 
the civil service and industry should be 
passed to one of the new universties 
which resulted from the publication of 
the Robbins report When Professor 
Chick joined the then Battersea Col- 
lege of Advanced Technology as Head 
of the Department of Electrical and 
Control Engineering, he had a decided 
policy that his department would be- 
come known for both its research and 
industrial liaison as well as for its aca- 
demic achievements. 

He grouped his research effort into 
a few main projects, and his forward 
thinking 1s demonstrated by the fact 
that in 1966 he formed a team to work 
on ion implantation, then a speculative 
research area. now a major part of 
microelectronics technology, and he 
saw this group grow and become recog- 
nised as one of the major ones in the 
UK with a good reputation abroad 

He also formed an industrial electro- 
nics group which made the expertise of 
his academic staff available to. industry 
on a contract research basis. and al- 
ready the turnover from this venture 
has exceeded the £4 millon mark. These 
successes, ‘together with the establish- 
ment of a. compulsory industrial year 
for undergraduates. MSc projects 
sponsored by many firms. several colla- 
borative Ph D. programmes and indus- 
trially supported research fellowships, 
are a continuing demonstration of his 
concept of what makes a good aca- 
demic engineering. department in 
present day conditions—that is. one 
where its staff are not only scholars 
but also professional engineers aware of 
the needs of the industrial world and 
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of where real wealth is created. 
Professor Chick wul be sadly missed 
by his colleagues and friends for his 
considerable intellectual qualities, his 
dry humour and his loyalty. Only days 
before his death, he visited a sick col- 
league in hospital carrying ice and a 
radio. The radio was returned as not 
working, and when told that the reason 
was that the batteries were in the 
wrong way round, he beamed and 
laughingly said, ‘Failed the first term's 
examination! ’ 
K G Stephens 
T. E. Allibone 


Moses Kunitz 


THe death of Moses Kunitz on 24 April 
1978 at the age of 90 brought to a close 
the story-book career of a young emigré 
from the Russian revolution who was to 
become a leading scientist in the field of 
protein research. 

Kunitz arrived in New York early in 
the second decade of this century and 
found employment in the laboratory of 
Jaques Loeb, the famous experimental! 
cell physiologist at the then Rockefeller 
Institute. Dr Loeb recognized the value 
of Kunitz’s quick but careful work and 
encouraged him to pursue his education 
in the evenings, first at Cooper Union and 
then at Columbia University where he 
received his Ph.D. degree in 1923. 

When John H. Northrop was appointed 
to the place left vacant by Dr Loeb’s 
death, he invited Kunitz to remain and 
continue his study of proteins. This happy, 
fruitful umon lasted until Dr Northrop 
left for California in 1951. 

Kunitz was an acute observer and 
experimentalist. He learned to know the 
properties of proteins so well that he 
could estimate with some accuracy the 
likelihood of a protein crystallizing just 
by watching a flocculation during salt or 
acid precipitation. One example of this 
ability stands out in my mind. After 
attempts by other workers to crystallize 
the toxic protein ricin during World 
War II had failed, Kunitz was asked to 
have a try at it. I brought the package of 
partially purified ricin to hum late one 
afternoon and remained to watch him 
weigh a quantity of it, dissolve it in dilute 
buffer, and distribute aliquots into a 
number of tubes. He then added increas- 
ing numbers of tiny drops of acid to the 
various tubes. As a cloudiness developed 
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in a few tubes prior to flocculation, he - 


examined them carefully against indirect 
light, murmuring to himself ‘it isn’t so 
bad’, and put the tubes in the refrigerator. 
The next morning crystals of the ricin 
protein were clearly visible in two of the 
tubes. 

Kunitz’s isolation of some 18 enzymes 
and precursors in crystalline form from 
animal and plant tissues and yeast, each 
with evidence’ of its purity went far to 
confirm Northrop’s mes that enzymes 
are proteins. ' 

Although his name ıs associated 
primarily with protein crystallization, 
Kunitz’s contributions and capacity were 
much broader. In one of his least known 
and yet more important papers, “The 
Kinetics and Thermodynamics of Revers- 
ible Denaturation of Crystalline Soybean 
Trypsin Inhibitor (J. gen. Physiol. 1948, 
32, 241), Kunitz demonstrated by enzy- 
matic and physico-chemical methods that 
renaturation of the inhibitor yielded a 
product indistinguishable from the 
original protein. Using a kinetic approach 
to the equilibrium reaction from both 
sides at different temperatures, he ob- 
tained clean thermodynamic values for 
each process. This study laid to rest the 
prevailing notion that so complicated a 
process as protein denaturation could not 
be completely reversible. 

On: the occasion of Kunitz's being 
awarded the Carl Neuberg Medal in 1957 
by the American Society of European 
Chemists and Pharmacists, Dr Northrop 
wrote the following: “Dr Kunitz possesses 
to a rare degree the abilities ofi a research 
worker of the first rank in his chosen field 
—imagination, ingenuity, and persistence, 
great technica! skill, mathematical facility 
and thorough theoretical knowledge. It is 
not surprising, therefore, that he has been 
able to solve almost every problem he has 
attempted. Some of them are of great 
importance. The isolation and crystalliza- 
tion of mbonuclease, hexokinase, and 
desoxyribonuclease placed the protein 
nature of enzymes in general on firm 
experimental foundation. In addition, the 
nucleases have been invaluable tools in 
the elucidation of the chemistry of the 
nucleic acids, those remarkable substances 
that appear to-be the very “stuff of hfe“ -~ 

‘Kunitz was the first to demonstrate that 
certain enzymes, especially the proteases 
of mammals, existed in glandular tissues 
in an inactive form. This formation ex- 
plained why the tissue proteins were not 
digested. He went on to study the auto- 
catalytic or catalytic conversion of these 
precursors to active enzymes following 
secretion into the digestive fluids. 

To present-day biomedical investigators 
Kunitz may be remembered for having 
punfied the pancreatic nucleases, ribo- 
nuclease and deoxynbonuclease which, as 
Dr Northrop has noted, have become and 
will continue to be very important in 
identifying the functions of the various 
nucleic acids. 


During his lifetime, Dr Kunitz received 
a number of honours including the Carl 
Neuberg Medal and membership in the 
National Academy of Sciences. He was 
made a full member of the Rockefeller 
Institute in 1950 and became a Professor 
when the Institute became a University. 

Moses Kunitz is survived by a son, 
neHUSS: and a daughter, Rosaline Albert. 


Roger M. Herriott 


R. K. Murton 


RON MURTON was one of the few really 
professional scientific ornithologists, 
who combined careful and patient field 
observation of birds with rigorous 
scientific investigation on their anat- 
omy and physiology. His death from 
a heart attack on 12 June 1978, at the 
early age of 46, came as a great shock 
to his colleagues and friends. Although 
he had a prévious attack some weeks 
earlier, and had been seriously ill, he 
had returned to part-time ‘work with 
his enthusiasm undiminished, and he 
appeared to be making a good recovery. 
Up till this spring he had always had 
such energy and drive, and the ability 


to work at high pressure sparing neither. 


hirhsélf nor his colleagues, that we had 
never imagined that he would ever 


“suffer from ill health. 


Ronald Keir Murton was born ın 
1932 “The first“ sixteen years of = 
working’ life, after graduating `. 
Zoology at University College nando 
were with the Infestation Control 
Division of the Ministry of Agriculture, 
Fisheries and Food He became’ im- 
mediately involved in the study of birds 
which are agricultural pests, and With 
the wood pigeon in particular. The 
damage done by wood pigeons to 
brussels’ sprouts and other brassicae, 
amounting to many millions of pounds 
every year, was well known. and the 
main attempt at control was’ by supply- 
ing cheap cartridges to enable farmers 
and others to shoot the birds This gave 
much pleasure to these sportsmen, but, 
as Murton soon showed, it had I'ttle 
significant effect on pigeon numbers 
and it did not prevent the birds from 
doing economic damage As a result of 
his findings the cheap cartridge scheme 
was stopped, ‘saving 'the. ‘taxpayer a 
considerable sum of money, farmers 
whose sport became’ more expensive 
were less enthusiastic. D 

Murton’s work on pigeons had a 
very practical aim, and it was success- 
ful in identifying the problems even if 
it .was not possible to find any ‘easy 
solution Although the study.was what 
would today be called ‘customer 
orientated’, ıt was also (as such studies 
may be) work of real scientific quality. 
His observations on pigeon behaviour 


- and 


Nature Vol. 275 28 September 1978 


reproductive physiology have 
seldom been equalled The results are 
recorded in some 30 scientific papers, 
in a ‘New, Naturalist?’ monograph 
volume, and they formed the subject 
of the Barnes Memorial Lecture, 
which he was invited to give to the 
Association of Applied Biologists at the 
unusually early age of 32. 

Although Dr Murton’s career was 
almost: entirely in research, he was 
closély associated with the academic 
world. In 1968-69 he enjoyed a‘ year’s 
sabbatical leave as a visiting lecturer 
at the University of Hong Kong.. In 
1974 he was’ appointed an Honorary 
Reader in the department of zoology 
at Hull University, and recently he was 
promoted to Honorary. Professor. He 
was in demand to lecture to university 
students and ‘others. > 

After leavuig Hong Kong he re- 
turned briefly to the Ministry of Agri- 
culture in 1969, and then transferred 
to Monks Wood Experimental Station, 
at that. ume under the Nature Con- 
servancy. When the' research branch 
of the Conservancy was reorganised as 
the Institute of Terrestrial Ecology he 
remained at: Monks Wood, and was 
soon appointed as Head of the Sub- 
Division of Animal Function. 

‘ During the years when: he was work- 

ing on pigeons, which included 
important observations on feral pigeons 
in cities; Murton realised the umport- 
ance of studies of the physiological 
changes in these birds as a basis for 
understanding their behaviour and their 
whole ecology. He became much in- 
volved in such topics as the photo- 
periodic control of the breeding cycle, 
and other, mainly ‘laboratory, studies. 
He considered. that -these were the 
logical development of his earlier work. 
Many colleagues regretted his virtual 
abandonment: of those field studies at 
which ‘he had been so adept, and 
thought him ill advised to attach so 
much . importance to his newer in- 
vestigations. Not all his recent work 
has had the general approval given to 
his outstanding pigeon studies Only 
time would have shown whether his 
switch in interest was, as he insisted, 
wise. 

As well as observing birds in the 
field, Murton was one of the most out- 
standing bird photographers. As long 
ago as 1963 he was elected to Associat- 
ship-of the-Royal Photographic Society 
During: his comparatively short period. 
just twelve months, in Hong Kong, he 
made a surprisingly large collection of 
slides of the nesting habits of many of 
the rarer and more interesting species, 
several of which had, not been pre- 
viously. photographed. He used his own 
photographs to illustrate his books 
and his lectures. 

: Kenneth Mellanby 
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announcements 





Awards 


The Fields Medal has been awarded 
to: Dr Daniel G. Quillen, (Massachu- 
setts Institute of Technology) for his 
work on algebraic K-theory. 


The first recipient of the C D Nelson 
Award of the Canadian Society of 
Plant Physiologists, is Dr J. Derek 
Bewley (University of Calgary) for his 
research contributions to plant physio- 


logy. 


The winners of thé Filtration Society’s 
1978 Travel and Study awards are. 
G. H. Read (Imperial College, London) 
and Maureen Farrell (Georgia). Pro- 
fessor Frank Tiller (University of 
Texas) has won the Society’s gold 
medal for his work on delayed cake 
filtration. 


Henry F. Schaeffer III] (University of 
California, Berkeley) is the 1979 
recipient of the ACS Award in Pure 
Chemistry. 


Professor G. Vassart (University of 
Brussels has been awarded the bi- 
annual ‘Sir Charles’ Harrington Prize’ 
by the European Thyroid Association 
for his work on the thyroglobulin 
messenger RNA 


The RIC have awarded the 1977 
‘Meldola Medal and-Prize to Professor 
Eric Oldfield (University of Illinois) 
for his work on the NMR spectroscopy 
of biochemical systems 


The Marlow Medal is restricted to 
Fellows of the Faraday Division of the 
Chemical Society of not less than 3yr 
standing on the closing date for appli- 
cation (! January 1979) Applicants 
should be under 33 at this date. The 
award is based on publications on any 
subject normally published in JCS 
Faraday Transactions l and IT. Appli- 
cations to. Mrs Y. A Fish, Faraday 
Division, The Chemical Society, Bur- 
lington House, London WI, UK) 


Appointments 


Professor Barbara E. Clayton to the 
Chair of Chemical Pathology and 
and Human Metabolism at the Univer- 
sity of Southampton 


Professor James R. Gray to Dean of 
the Faculty of Science at Heriot- 
Watt Uiversity. 


Dr Asa G. H. Blakeley to the Chair 
of applied physiology at the University 
of Leicester. 


Professor Peter G.-Sammes to the 
Chair of Organic Chemistry at Leeds 
University. 


Charles E. M. Yates to be Professor of 
Mathematical Logic at The University 
of Manchester. 


Geoffrey: Edwards to be chairman of 
the Thames Water Authority. 


Dr Michael I. Gurr to head of the 
NIRD’s Nutrition Department 


Meetings 


25-30 November, 4th World Ozone 
Congress, Houston (Dr A. Netzer, 
Environmental Sciences, University of 
Texas at Dallas, Richardson » Texas 
75080) 


27 November~l1 December, Radlation 
Protection In Nuclear Power Plants and 
the Fuel Cycle, Bristol (BNES, 1-7 
Great George St, Westminster, London 


‘SW1, UK). 


27-30 November, Forage Conservation 
In the "80's, Brighton (The Secretary, 
The British Grassland Society, Grass- 
land Research Institute, Hurley, 
Maidenhead, Berks, UK) 


28-30 November, International Corm- 
ference Antennas and Propagation, 
London (The Institution of Electrica! 
Engineers, Savoy Place, London WC2, 
UK) 


30 November—-1 December, Cell Sur- 
faces and Neoplasia, London (Dr M. 
Moore, Paterson Laboratories, Christie 
Hospital & Holt Radium Institute, 
Manchester, UK). 


30 November-1 December, Symposium 
on Nutrition and Gastroenterology, 
New York (Institute of Human Nutri- 
tion, Columbia University, College of 
Physicians and Surgeons, 70! West 
168th St, New York, New York 10032) 


l-2 December, Current Concepts of 
Pain and its Treatment, New York 
(Dr R Duvoisin, ARNMD, Annesberg 
Building, Suite 14-02, 100th St at 5th 
Ave, New York, New York 10029). 


2-3 December, Science and Art in the 
14th Century, New York (Ann Collins, 


Chemistry Dept, Queen 


The New York Academy of Sciences, 
2 East 63rd St, New York, New York 
10021). 


4-6 December, 3rd Annual Toxic Sub- 
stances Control Conference, Washing- 
ton (Government Institutes Inc., 4733 


Bethesda Ave, Washington, D.C. 
20014). 
6-7 December, Engineering and the 


Environment: Harmony or Conflict?, 
London (The Secretary, The Institution 
of Water Engineers and Scientists, 6-8 
Sackville St, Piccadilly, London WI, 
UK) 


7 December, Structure Analysis for 
Surfaces, York (The Meetings Officer, 
The Institute of Physics, 47 Belgrave 
Square, London SW1, UK). 


11-14 December, Design of Hydro- 
logic Data Networks, Tuscon (Meet- 


ings AGU, 1909 K St, Washington, 
D.C. 200086). 
13 December, Microstructural Insta- 


bility: Its influence on long service life, 
Birmingham (The Meetings Secretary, 
The Institution of Metallurgists, North- 
way House, Whetstone, London N20, 
UK) 


14-19 December, 9th Texas Symposium 
on Relativistic Astrophysics, Munich 
(Prof. J. Ehlers, MPI, Foehringer 
Ring 6, D 8000 Munchen 40, FRG) 


18-19 December, Pulsed NMR in 
Solids, London (Prof J A S Smith, 
Elizabeth 
College, Campden Hill Rd, London 
W8, UK). 


19-21 December, Enzyme Active Sites, 
London (Dr H. C. Watson, Dept of 
Biochemistry, University of Bristol 
Medical School, Bristol, UK). 


3-5 January 1979, 16th Annual Solid 
State Physics Conference, Warwick 
(Meetings Officer, The Institute of 
Physics, 47 Belgrave Square, London 
SW1, UK). 


4-5 January, Laser Plasma Inter- 
actions, Bangor (Meetings Officer, 
The Institute of Physics, 47 Belgrave 
Square, London SW1, UK) 


8-12 January, lith Miami Winter 
Symposium, Miami (UMED—PO Box 
520875, Miami, Florida 33152). 
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14-16 January, Sth Annual Meeting of 
the International Embryo Transfer 
Society, Denver (Mrs S Seidel, LETS, 
3101 Arrowhead Road, LaPorte, 
Colorado 80535). 


15-18 January, 2nd Internatlonal Collo- 
quium on Mars, Pasadena (Dr C. W. 
Snyder, Jet Propulsion Laboratory, 
California Institute of Technology, 
4800 Oak Grove Drive, Pasadena, 
California 91103).. 


22-23 January, Medical and Industrial 
Applications of DNA, Chicago (Robert 
S First Inc., 405 Lexington Ave, New 
York, New York 10017) 


5.9 February, International’ Confer- 
ence on Neurotoxins, South Australia 
(Dr | W. Chubb, Dept of Human 
Physiology, Flinders Medical Centre, 
Bedford Park, South Australia 5042, 
Australia). 

12-13 February, Medical and Industrial 
Application of DNA, London (Robert 
S. First Inc., 405 Lexington Ave, New 
York, New York 10017). 


12-24 Februdry, World Climate Con- 
ference, Geneva (WMO, Ave Giuseppe 
Motta 41, Geneva, Switzerland) 


13-15 February,, Use of the Micro- 
processor as a Component in Measure- 
ment and Control Equipment, Steven- 
age (Carole Meads, Sira Institute, 
South Hill, Chislehurst, Kent, UK) 


21-24 February, Hypoxia, Banff 
(Arctic Institute of North America, 
University Library Tower, 2920—24th 
Ave N W.. Calgary, Alberta, Canada 
T2NI N4). 


5-9 March, 30th Annual Conference on 
Analytical Chemistry -and Applied 
Spectroscopy, Cleveland (Mrs L. 
Briggs, 437 Donald Rd, PIUSDUTEN: 
Passadena 15235). 


12-14 March, Controlled Environments 
Working Conference, Madison (T W 
Tibbitts, Dept of Agriculture, Univer- 
sity of Wisconsin-Madison, 1575 Linden 
Drive, ‘Madison, Wisconsin 53706) 


12-15 March, International Cashew 
Symposium, Cochin (Central Plantation 
Crops Research Institute, Kasaragod 
670 124, Cannoanore District, Kerala, 
India). 

12-16 March, Tunnelling 779, London 
(The Secretary, Institution of Mining 
and Metallurgy, 44 Portland Place, 
London W1, UK). 


14-16 March, Thermal- Characteristics 
of Tumors: Applications in Detection 
and Treatment, New York (Conference 
Dept, The New York Academy of 
Scieces, 2 East 63rd St; New.” York; 
New York 10021). 


14—23 March, Einstein Centenary in 
Jerusalem (Israel Academy of Sciences 
and Humanities, PO Box 4040, Jerusa- 
lem, Israel. ` 


26-29 March, 2nd European, Confer- 
ence on Surface Science, Cambridge 
(Dr P M. Wilhams, c/o VG Scientific 
Ltd, The Birches industrial Estate, East 
Grinstead, Sussex, UK). ` 


27 March-6 April, 7th Edmond de 
Rothschild School In Molecular Bio- 
physics on the Structure of Chromatin, 
Rehovot (Dr H. Eisenberg, Weizmann 
Institute of Science, Rehovot, Israel) 


29-30 March, International Confer- 
ences on Spectroscopy, Miami (Vijay 
Mohan Bhatnagar, Alena Enterprises 
of Canada, PO Box 1779, Cornwall, 
Ontario; arar K6H 5V7) i 

1-8 Aprii international Ophiolite Sym- 
posium, Nicosia,(Chairman, Geological 
Survey Department, Nicosia, . Cyprus) 


2-4 Aprl, Vacuum Processes in the 
Electronics Industry, Brighton (Carole 
Meads, “Sıra Institute, South: ‘Hill, 
Chislehurst, Kent, UK) - "a 
4-6 April, International Conferences on 
the History of Museums and. Collec- 
tions in Natural History, London’ (Mrs 
J. A. Diment, Palaeontology Library, 
British Museum’ (Natural History), 
Cromwell Road, London SW7, UK) 


3-5 April, Molecular Dynamics of 
Polymierlg Systems, Cambridge (Dr 
C. W. Smith, Secretary Dielectrics 
Society, Dept ‘of Electrical Engineering, 
University of Salford, Salford, UK)’ 


9-11 April, Kinetics of State, Selected 
Species, Birmingham, (Mrs Y. A Fish, 
Faraday Division, The Chemical 
Society, Burlington House, London WI, 
UK). l : 


9-12 April, Lith National Atomic and 
Molecular Physics Conference, ; Liver- 
pool (The Institute of Physics, '47' Bel- 
grave Square, London SWI, UK).-.. 


Electrostatics. 1979, Ox- 
ford (Dr J F. Hughes, Dept of 
Electrical Engineering, University of 
Southampton, saat ea UK). 


17-20. April, 


24-25 April, N E in Optical Pro- 
duction Technology, Teddington (Sira 
Institute Ltd, South Hill, Chislehurst, 
Kent, UK). 


$ 
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29 April-2 May, -Protelm-nucleic -acid 
interactions, Sitges (Prof. J. A. 
Subirana, Departamento de Quimica 
Macromolecular: del CSIC. Escuela 
de Ingenieros ' Industriales, 
Barcelona (28); Spain). 


30 April-2 May, Learning to use our 
Environment, Seattle (Dr A Roffman, 
Energy Impact Associates Inc , PO Box 
1899, Pitsburgh, Passadena 15230). 


30 April-3 May, International Confer- 
ence on Malaria and Babesiosis, Mexico 
(Dr J P Kreter, College of Biological 
Science, ` The Ohio State University, 
Columbus, Ohio 43210). 

| Ms t 
2—3 May, Monitoring Toxic and Flam- 
mable Cases and Vapours, London (Mrs 
R. Keiler, Sira Institute, South Hil, 
Chislehurst, Kent, SS) 


19-20 April, 2nd Canadian Chromato- 
graphy ‘Conference, Toronta (Alena 
Enterprises of Canada, PO Box-1779, 
Cornwall, Ontario, Canada K6H 5V7). 


3-4 May, 6th International Symposium 
on Flammability and Fire Retardants, 
Nashville (Alena ` Enterprises’ ~ of 
Canada, PO Box 1779, Cornwall, 
Ontario, Canada K6H 5V7) > 


7-11 May, Ist International Colloqufum 
on Receptors, Neurotransmitters and 
Peptide Hormones, Capri (F Fraiolo, 
Patologia Medica: II, Policlinico Um- 
berto 1, Universita, 00161 Rome, Italy). 


15-18 May, The Agricultural Industry 
and Its effects on Water Quality, Hamil- 
ton (Dr C J Schouten, Water and Soil 
Division, Ministry of Works: and De- 
velopment, Private. Bag, Hamilton, 
New Zealand) 


21-23 May, Television Measurement, 
London (Conference Secretariat, IERE, 
99 Gower St, London WCI, UK). ° 


10th Internatlonal Sym- 
posium on Chromatography and 
Electrophoresis, Rimini (Dr Alberto 
Frigerio, Istituto di Ricerche Farma- 
cologiche, Via Eritrea, 62-20157 Milan, 
Italy). 


21-23 May, 


21-25 May, Colloids and Surfaces, Pitts- 
burgh (Mrs G Cohen, Carnegie In- 
stitute of Technology, Carnegie-Mellon 
University, Schenley Park, PSpurE 
Pennsylvania 15213)... 


27 May-1 June, 14th World Gas Cor 
ference, Toronto (Public Affairs Com- 
mittée, 111 St Clair Ave West, Toronto, 
Ontario, Canada). 


f "g 7 ’ j , TR ii 
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high enrichment 
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favourable delivery terms 
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APPOINTMENTS VACANT 


LASER 
SCIENTIST | 


RUTHERFORD LABORATORY 


South Oxon 


The Rutherford Laboratory is one of the Science Research Council's 
principal establishments for advanced work on the frontiers of 
physics, and one of Europe’s leading centres for laser research. 


We now have a vacancy for a plasma physicist in the Central 
Laser Facility fo carry out numerical simulations of laser plasma 
interactions and laser produced compression of mafter and to 
help to interpret experimental results in the light of the numerical 
predictions. The work involves the develooment and use of large 
computer codes (written in FORTRAN) on the dual IBM 360/195 at 
the Rutherford Laboratory and requires close co-operation with 
university groups using the Central Laser Facility. Preference will be 
given to applicants who have a basic knowledge of plasma 
physics, experience in atomic physics and/or numerical 
techniaues in computational physics. 


The appointment would be to the Higher Scientific Officer 
grade, within the salary range £4388 — £5829 — depending on 
age and experience. 


Working conditions are excellent and benefits include generous 
holidays, sick leave allowance and contributory superannuation 
scheme. 








Write or telephone for application form toi- 
Ruth Jeans of the Personnel Group (Ext. 540) 
quoting our reference No. VN 736 
Closing date for applications 13 October 1978 


Science Research Council 


Rutherford Laboratory, Chilton, Didcot, 
Oxfordshire OXI] OQX. Tel Abingdon 21900 


TUGLA? 


RUTHERFORD, 






UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF 
BOTANY 


SENIOR RESEARCH 
ASSISTANT 


Applications are invited for a DOE 
financed post of Senior Research 
Assistant to study the behaviour of 
metallic pollutants ino reclaimed 
derelict land within urban areas. 
Applicants should have research ex- 
perience, and be interested in soll, 
plant relationships in difficult environ. 
ments and the chemistry and biology 
of heavy metal pollution af terrestial 
ecosystems. 

The project is financed for three 
years from October i. 1978. The 
initial salary will be £3,883 pet 
annur. 

Applications, together with the 
names of two referees, should t 
received not later than October 6 
1978, by The Registrar, The Univer 
sity, P.O. Box !47, Liverpool L6s 
3BX, from whom further particulars 
may be obtained. Quote Ref. RVs 
G33/N. 72Z19(A) 


SR ECE arn RRP EAR ne bene 





UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF 
PHYSIOLOGY AND 
ENVIRONMENTAL STUDIES 
Applications are invited for a 


LECTURESHIP IN PLANT 
PHYSIOLOGY 


in which preference will be given te 
candidates with an interest in cellulas 
or molecular aspects of the regulatior 
of plant growth and development 
The appointment will be = effective 
from January i, 1979, or as soon a 
possible thereafter. 

Further details and forms of apph 
cation, returnable not later thar 
Qcteber 9, 1978, from the Maf 
Appointments Office, University o 
Nottingham, University Park, Notting 
ham NG? 2RD. Ref. No. 434. 

T2294) 





CORNELL 
ASSISTANT PROFESSORSHIP 
IN RADIO ASTRONOMY 

A (@nure-track position is avatladh 
in experimental or theoretical radi 
astronomy or in radar astronomy will 
the Department of Astronomy at Cor 
neil University. The appointee is) ox 
pected to teach one course per semesta 
and may be associated with UR 
National Astronomy and fonospser 
Center UN A LE. Salary will be corme 
mensurate with experience and Quah 
fications. The position may begin it 
dJuiy 1979 or with the fall semester œi 
that year (starting August 24). Aeppl 
cants should send résumé and hav 
three letters of recommendation sen 
to Professor K. L Greisen, Chaisman 
Department of Astronomy, Cornel 
University, Ithaca, N.Y. 14853. 

Cornell University is an affirmative 
action equal-opportunity employer. 

TI AS 
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' UNIVERSITY OF 
ABERDEEN 
POSTGRADUATE 
RESEARCH ASSISTANT 


IN BIOCHEMISTRY 


Thu post u financed by the Cancer 
WMeascarch Campaign and sw available 
from October 1978 for up to three 
years The successful applicant will 
work on a project lO investigate the 
tature, funcuon and covalent modifica- 
mon of reputilive nucleotide sequences 
In eukaryouc DNA 

Salary on Range JB scale for 
cesearch and analogous staff £3,384 to 
4,882 per annum, with appropriate 
placing 

Further particulars from The Secre- 
tary, The University, Aberdven AB9 
I » with whom «appleatwns (two 
-opies) should be lodged by October 
20, 1978 TAYKA? 


THE CHINESE UNIYERSITY 


OF HONG KONG 
FACULTY OF MEDICINE 


Applications are invited for the 
following foundation chars 


ANATOMY 
PHYSIOLOGY 


PHARMACOLOGY 


twnoabe at ths now medical school with 
an annual student intake of 100. There 
will be opportunities for onginal re- 
varch but considerable undergraduate 
‘oaching experience w essential Non- 
n y qualited candidates may 
apply but preference will be given to 
whose medically qualified Successful 
ipplicants are expected to be tn posi 
uiest ond of 1980 or early Iti, to 
take Tt in compiling the basic 
ocdical sciences curmculum and instal- 
jing departmental facilities Teaching 
wil begin im the fall term of 1981 
The minimum salary for Professonh ps 
wil be HKSII.735 per month 
i£Li1=HKS9.2) Terms of service also 
mciude iong lvavw, superannuation 
oemi (Univermty 15%., appointer 
Ste), housing accommodation on 
campus and ar passag Full parcu- 
jars of the appointment, together with 
copra of relevant documents concern- 
Ing the medical schoo! and the Une 
versity- may be obtained from the 
Secretariat, The Chinese Uncversuy of 
tong Kong Shatin, New Territores, 
Hong Kong, to which applications (6 
copies) giving ful! datadas of qualifica- 
tions and experteoce and the names 
and addresses of 3 persons to whom 
reference may be made should be sent 
not later than December 15, 1978. 
i , T251(A)} 





TROPICAL ECOLOGIST 
(PLANT-INSECT INTERACTIONS) 


The SMITHSONIAN TROPICAL 
RESEARCH INSTITUTE announces 
the avadabirty of a 3-year appoint- 
ment for an ccologmi. 

The candidate will dewgn and com- 
duct invesugauons into tbe ecology of 
plants and untmab of the Isthmus of 
Panama in order to asec» the impact 
X the expected colonomauon of thus 
ree the Afreensed Braniian 
MHoncy 

Interested candidates should submit 
1 curmculum vitae, reprints of relevant 
Jublecations, the names of references 
WO may copnlact and a statement of 
he rescarch that he/she ss interested 
A pursuing in thes area to the Director, 
STRI. Box 2072. Balbon, Canal 
“one 

STRI tca a, variety of 
acilis on the Isthmus of Panama. 
neluding a Tropical Biology Library 
emng 430 urmais in Ecology, 
ànima] Behavior and Evolution 

Sal $17,638 to $20.862 plus 
tlocation expenses 
_ Th Sauthsonian Instrution i an 
=qual Opportunity Employer. 

Deadline for appheatrons 3 
December 31, 1978. T2S2(A) 


CSIRO 
AUSTRALIA 


Numerical Analyst 


Division of Mathematics 
and Statistics 


Canberra, Act 


CSIRO has a broad charter for research into pnmary and secondary industry areas The 
Organization has approximately 7000 employese—2400 of whom are research and professional 
scientists—ocated in Divisions and Sections throughout Australla. 


General: 


The Organization’s Drvigion of Mathematics and Statistics has approximately 108 staff, of whom 
70% are professional scientists, located at contres and laboratories in all caprtal cities and some 
major country towns 


The Drvision’s research in mathematica and statistics includes vanous aspects of fluid machenics, 
statistical mechanics, optimization, computational mathematics, distnbution theory, multrvanate 
analysis, stochastic processes, geostatistics, statistical inference and experimental design 
Application of this research to agricultural, biological, environmental, physical and industnal 
investugation currently includes the dasign and analysis of expenmenta and the modelling of 
ecological, physical, agncultural and climatological systems Research is also being extended 
into industrial processes and mineral surveys 


Professional Scientists of the Drvision advise on the mathematical modelling end statistical 
analysis of investigations undertaken by other Dwisions of CSIRO. The Dmision now wishes to 
appoint, to ts small group working on numerical analysis, an axpenenced sclentist at the 
Pnncipal Research Scientist—Senior Pnncipal Research Scientist level. 


Duties: 


To develop techniques in numerical analysis and advise scientists In other CSIRO Drvtsions on 
appropnate computational methods The appointees would be expected to have a strong 
mathematical background, in areas of numencal analysis such as non-linear equations, 
computational complexrty, optumuzation, special functions, and differentia! and integral equations. 


Qualifications: 


A Ph D. degree or equivalent qualification, with extensive research experience in the relevant field. 


Salary: 


Pnncipal Research Scientist—Senior Principal Research Scientist. $422,363-$A29,356 pa Less 
expenenced scientists may apply, and will be considered for appointment at a lower level. 


Tenure: 
Indefinite with superannuation 


Applications /N DUPLICATE, stating FULL personal and professional details, the names and 
addresses of at least two professional referees, and QUOTING REFERENCE NUMBER 440/299 
should reach The Personne! Officer, Australlan Scientic Liamon Office, Canberra House, 
Maltravers Street, LONDON WC2R 3EH 

by 27th October 1978. 

Applications in US A and Canada should be sent to. The Counsellor (Scientific), Embassy of 


Australia, 1601 Massachusetts Avenue, N W., WASHINGTON, D.C, 20036, U.S.A 
7279{A) 
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Laboratories 


An experienced leader for one of the world’s 
premier establishments in Mineral Processing, 
Extraction Metallurgy and Earth Sciences research. 


The Research Laboratories of the Anglo 
American Corporation are located in Theta 
Township, a concentration of research 
establishments 5km from the business centre 
of Johannesburg. 


The work embraces research and 
development concerned with most of the 
Corporation s mineral-related activities. its 
achievements, in particular in relation to 
mineralogy. extraction metallurgical 
processes and exploration techniques, place 
the Laboratories among the world’s leaders in 
these spheres. 


The Director of the Research 
Laboratories will be expected to maintain 
active liaison and collaboration with the 
operating companies, and most particularly to 
identify future problem areas, and to initiate 
both fundamental! 


and applied research aimed 


at achieving economically-viable solutions to 
them. Working through a highly-skilled 
technical management team. his role will be 
one of vision, guidance and resource- 
management. 


He will not succeed in this task if he does 
not already possess an outstanding innovative 


record ina field or fields closely related to our 


The services provided to various of the 
Corporation's worldwide operating and 
exploration companies cover the fields of 
analysis, environmental protection, geology 
and mineralogy among others. Allied 
activities include the improvement of existing 
processes and the development of new anes, 
mineral identification and the troubleshooting 
of technical problems in operating companies 
and plants. Some of our work Is concerned 
with pure science; some with sophisticated 
instrumentation activities, such as electron 
microprobe work and X-ray fluorescence. In 
short, we operate across a very broad 
spectrum. 


Head Office 


own. We would expect him to be a skilled 
manager of human, financial and material 
resources, and probably to have had some 
experience in a production environment. 


The benefits associated with this senior 
position will be negotiated. They will include 
full relocation expenses, and housing finance. 


Candidates should send a detailed 
curriculum vitae to Dr. M, G. M. Atmore, 
Anglo Charter international Services Limited 
(Appointments Division), 40 Holborn Viaduct, 
London ECIP 1AJ. 


(7215A) 


Anglo American Corporation 





OF SOUTH AFRICA LIMITED 


MAX-PLANCK-INSTITOT 
fiir molekulare Genetik. Berlin (West Germany) 


BIOCHEMIST 


with Ph.D. degree or equivalent, required for one vear in the 
first instance to work on the blue-light photodifferentiation of 
Phycomyvces, 

Experience with oxygenases 
an advantage. 

Employment to start January-February 1979. Salary on the 
scale DM 19,000 to DM 20.000 (tax free) depending on 
experience and family status. 

Applications with full curriculum vitae and 
at least. two references to Dr V. E. A. Russo, Max-Planck- 
liistitut fiir molekulare Genetik. [hnestrasse 63/73, D- 1000 
Berlin : 33. 7232(A) 


and/or Vitamin A would be 


the names of 


me th AI aaa a aam tty RAL YN RL RHI 


pmnan aa mauuna nmen 


TECHNICIAN/RESEARCH 
OFFICER 


required at our Tumour immunology 
Unit at University College ta assist 
Dr M, Feldmann with immunological 
experiments iovalving tissue culture 
and biochemical techniques and same 
animal work. H.N.C. or Degree plus 
relevant flahoratory experience, Salary 
range £3,618 io £5,256 including Lon- 
don Weighting. For application form 
and further information write of tele. 
phone Miss S. M. Hurley. Imperial 
Cancer Research Fund. Lincoln's inn 
Fields WO? on 242 0200 ext. AOA, 
quoting reference no: apes 
ZLA: 


| 
| 
| 
| 
| 





UNIVERSITY OF READING 
DEPARTMENT OF PHYSIOLOGY 
AND BIOCHEMISTRY 
Research Demonstratorship 


Applications are inviled fror 
graduate in Biochemistry, Physiologs 
ay other related subjects, who woul 
normally have an upper second clas 
Honours degree, for a Researe 


Demonstratership to carry oul researc 


for a higher degree in the followin 
subject: 

The influence of hormonal statu: 
Species and sex differences on th 
metabolism of organochlorine, corr 
pounds, 


The support is for three years wit 
ihe possibiliwy of an extension and th 
duties include up ta ten hour 
demonstrating per week during terr 
ume. 

Enguiries and/or applica tiorm 
including the names of two academi 
referees, should be addressed to Pre 
Fessor G M. H. Waites. Departmen 
of Physiology and Biochemistry. Un 
versity of Reading. Whirek nights 
Reading ROS 2AJ. Telephone Readin 
RS123 extension 7678 (Ref. TN. AJA: 

TISH AY 


BAATEIN D AN AA h re min atone me mT 


DIRECTOR 
BUFFALO MUSEUM 
OF SCIENCE 


Chief Administrator of a collection 
ariented natural history museu 
Founded T861. Major responsiblitie 
muelade long-range panning fa 


preservation and exhibition of collec 
tions; durcinin and recruitment of pre 
fessional and non-professional staf 
budget and fund raising, supervision € 
publication, research and educatio 
programs. Stal? of 60. budget $ 
milion, 

The Bourd of Managers is lookin 
for a strong leader with the vision i 
realise the potential of distinguishe 
collections, an active education pre 
Brum and a newly renovated building 
Experience in museum administratio 
and funding, and an established rept 
tation im a scientific or scholarly re 


search feld are desired. Salary cor 
mumsurate with oxpertence. Applic: 
Hons t0 the Search Cornmittec 
Bualo Museum of Science, Buffalc 
New York. 42i. FZSSCAY 





TECHNICIAN/RESEARCH 
OFFICER 

Pe assist with biochemical researc 
at our Mill Hull Laboratories NW? 
Lpr ae in nucleic acid researe 
or a closely rclated Reld would be a 
advantage. H.NUC.. or degree plus 
years laboratory experience, Salar 
range £S.6)%8 io £5,257 including Lor 
don Weighting. For application fort 
and further information write or teh 
phone, quoting reference no: 286/7! 
to Miss S. M. Hurley. Imperial Cance 
Research Fund, Lincoin’s fons Field 
WC? on 242 0200 ext, 305. 7261(A> 


UNIVERSITY OF OXFORD 
LABORATORY OF 
MOLECULAR BIOPHYSICS 
POSTDOCTORAL 
RESEARCH ASSISTANT 
Applications are inviied for a 
MR C.-supported postdoctoral researc 


assistantship in biachemistry for 
years to work on structure-fuacko 
relationships of glycogen phosphery 
jase b in glose collaboration with th 


X-ray crystallography group in Oxferc 
Preference will be given to candidate 
with experience in enzymology or pre 
tein biochemistry. 

Agmications stating research exper 


ence and the names of 2 referes 
should be sent to Dr L. N. Johersor 
Laboratory of Molecular Biophysic 
Seuth Parks Road. Oxford ONT 4P 
from whom further details may F 
obtained | 7239) A) 
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PORTSMOUTH 
POLYTECHNIC 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


Readvertisement 
SRC. POSTDOCTORAL 
RESEARCH ASSOCIATE 
iri 
NEUROPHYSIOLOGY 


‘equired for 2-year contract to work 
MN a project financed by S.R.C. on the 
‘ole of central neurones in the contro} 
of body wall musculature in the leech. 

Experience of intracellular recording 
is Necessary and an interest in pharma- 
tology desirable. 

Candidates should already have a 
foctorate. 

Salary within the range £3,510 to 
[3,711 according to qualifications and 
xperience. 

Application forms from the Stail 
Officer, Portsmouth Polytechnic, 
Alexandra House, Museum Road. 
Portsmouth POL 2QQ. to whom com- 
pleted applications should be returned 
3y October 13, 1978. 

Please quote Reference B36. 

T276(A) 





UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF PHYSICS 
POSTDOCTORAL 
RESEARCH FELLOW 


A Postdoctoral Research Fellow is 
required to work with a group study- 
mg nuclear disintegration using real 
ind virtual photons in the range 
10-160 MeV at the Kelvin Laboratory 
160 MeV electron linear accelerator. 
Applicants should have several years 
experience of working in the field of 
nuclear physics or a related field. An 
appointment will be made for 18 
months in the first instance. 

Salary will be on the range IA 
£3.660 to £4.365 per annum, according 
w“ age and experience, 

Applications, together with a 
curriculum vitae and the names and 
addresses of two referees should be 
sent to Dr D. Branford, Physics De- 
partment, James Clerk Maxwell 
Building, The King’s Buildings, May- 
Reld Road, Edinburgh EH9 3/2. 
before November 1, 1978. Piease: quote 
Reference 5055. TITLA) 





UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF 
PHYSICS AND ASTRONOMY 
POSTDOCTORAL 
RESEARCH ASSISTANT IN 
HIGH ENERGY PHYSICS 
Required as soon as possible after 
Jctober 1, 1978 to work on an experi- 
nemal programme using the §.P.S. 
Accclerator at C E.R N., Geneva. The 
uccessful applicant will probably he 
rased in Geneva and wil help in the 
unning of a large experiment designed 
p study 2-Body exclusive hadronic 
recesses at very high energies, using 
o large  double-arm spectrometer. 
ghiry will be in range £4.85 to 
5.342 pa. me London Allowance 
ius U.S.S. Hf based in Geneva. fares, 
using and additonal allowances are 

rovided. 

Applications, giving details of 
jualifications and curriculum vitae and 
warmes and addresses of 2 referees, 
hould be sent to Dr B. G. Duff. 
Jepariment of Physics and Astronomy 
Ny, University College London WCIE 
iBT as soon as possible. T248(A) 


rrr LAAN eter rt rer ah rt mi dts] rte vasemman mamn neri t rire e a eee aaae amaie aaaea naaraana: 
amapan a aaea arria A E S a naa aaa, 
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CSIRO 
AUSTRALIA 


Chief of Division 
Division of Chemical Physics 
Clayton, Victoria 


Applications are invited from scientists who have an established record of 
personal research achievement and leadership, for the position of Chief, Division 
of Chemical Physics. The position has become vacant on the retirement of the 
foundation Chief, Dr A. L. G. Rees. 


CSIRO is Australia’s largest and most comprehensive research organisation, 
having approximately 7000 employees of whom 2400 are research and pro- 
fessional scientists. Its broad charter covers research into problems of primary 
and secondary industries and also such fields of community interest as human 
nutrition, the environment and the development and use of natural resources. 
The Organization has 42 Divisions or independent Units dispersed throughout 
Australia. 


The Organization is at present implementing the Government's decisions 
relating to the recommendations of the Independent Inquiry into CSIRO. Applicants 
may therefore wish to read the inquiry Report; in addition they may find it helpful 
to read the statements made in Parliament on 11 May 1978 by the Prime Minister 
and the Minister for Science relating to the Government's decisions. 


The Division of Chemical Physics, located in Clayton, a suburb of Melbourne, 
Victoria, adjacent to Monash University, has a staff of 103, which includes 
56 scientists and engineers. Research in Chemical Physics was established in 1944 
in the Division of Industrial Chemistry to meet the urgent demand for the intro- 
duction to Australia of major chemico- physical methods which were being rapidly 
developed overseas. The Division of Chemical Physics was formed in 1958. 
Throughout its history the Division has made contributions of a basic character 
to scientific knowledge. combined with development programs related to 
scientific instruments. 


The current research of the Division is centred on a number of specialised fieids, 
including atomic absorption and resonance spectroscopy, molecular spectroscopy, 
specialised optics (including optical diffraction gratings}, mass spectroscopy, 
magnetic resonance spectroscopy, electron diffraction, electron microscopy, X-ray 
diffraction, solid state chemistry, crystal defect physics, theoretical chemistry, and 
development of scientific instruments and techniques. 


A Chief of a Division is responsible to the CSIRO Executive for the development, 
scientific direction and integration of the research programs of the Dwisian, and 
is encouraged to promote active collaboration with other Divisions, industry and 
various research bodies working in associated areas, 


The Executive has recently reviewed the objectives, work and management of 
the Division of Chemical Physics, and the new Chief would be expected to take 
cognizance of the recommendations arising from the review. 


The salary for the position is negotiable but will not be less than $AG3.052 p.a, 


The terms of the appointment will be discussed with the short-listed applicants 
at interview. The appointee would be eligible to contribute to the Commonwealth 
Superannuation Scheme. 


Further information on the Division is in a booklet available on request from 
the Secretary, CSIRO, at the address below. 


Dr Hill W. Worner, a member of the CSIRO Executive, is Chairman of the 
appointment committee for this position and would be pleased to discuss the 
position with potential applicants. He would also be pleased to receive advice 
concerning this appointment from people with a particular interest in it but who 
do not wish to be considered for it. Dr Worner can be contacted at the address 
below. 


Applications stating full personal and professional details and names ct at least 
two professional referees and quoting reference number 582/155 should reach: 

The Secretary, CSIRO, P.O. Box 225, Dickson ACT 2602, AUSTRALIA, 
by 31 October 1978. 7278(A) 





Nature Conservancy Council 


Higher/Senior 
Scientific Officers 


Salary Soales: 


Higher Solentific Offloer £4,101-£5,448 
Senlor Sclentifio Officer £5,154-£6,888 - 


An allowance of £465 p.e. is also payable for the London 
besed posts 


Applications are invited for the following posts with the Nature 
Conservancy Council 7 


1. Wiidiife Advisory Branch—HS0O/8S0 based In London 


The person appointed will provide the Branch with a scientific 
information resource on the status of individual species, ther 
habitats and reesarch related to them both nationally and in 
connection with the Branch’s responsibility for the Convention 
on Internatronal Trade in Endangered Species (CITES) and other 
international matters concerning species He/she will also provide 
scientrfic support within the Branch in the preparation and drafting 
of papers, replies to correspondences, ininal examination of proposals 
on species conservation, brefing for and preparation and servicing 
of meetings. 


2. Wildlife Advisory Branch—HSO based in London 


The person appointed will provide general scientific support to the 
Branch and be the focus within the Branch for specialist advice on 
one of more species or groupe, habrtats and other specific areas 
of the work of the Branch, be responsible for the general co- 
ordination and oversight of the work funded by the Branch by 
contract and casual labour and will interpret new acientific 
knowledge into an action strategy where rt 1g appropnate to the 
work of the Branch. 


3. Solentific Development and Advisory Unit, Scotland 
Advisory Officer: Rural Land Use and Planning— 
H80/880 based in Edinburgh 


The person appointed should preferably have axpenence in the 
field of rural land use The main omphass of the work will be on 
broad issues related to the impact of major land uses such as 
agriculture, forestry, fishenes and game management, recreation 
and tounsm, and water resource development on the natural 
environment, wrth specrfic reference to nature conservation 
Interests The Advisory Officer will be required to represant the 
Nature Conservancy Council on inter-depeartmental committees 
dealing with issues of rural land use. A knowledge of technical 
practice In agriculture or forestry would be an advantage 


4. Scientific Development and Advisory Unit, Scotland 
Advisory Officer: Impact of Industrial and Urban 
Development—HS0/S80 based In Edinburgh 


The person appointed should preferably have expenence in the field 
of environmental impact studies. The main emphasis of the work 
will entail the development of expertise and the giving of advice 
to NCC Regional and Scottish Headquarters staff on the impact 
on the natural environment of major industrial and urban develop- 
ments in Scotland with special amphasis on the anergy industry, 
notably North Sea Oll and Gas, and allied petrochemical develop- 
ments, but also including major mineral extraction and quarrying 
developments This will involve close study of the technical 
requirements of the industries concemed and of developments in 
environmental protection in relation to them Close Ilawon wrth 
industry and government regulating agencies will be eseentia! 


A current driving licences ts essential for posts (3) and (4) 


Age and Quailfications 
All candidates should have a first of second class honours degree, 
or equrvalent, in biology, botany, zoology, geography or geology. 
Higher Sctentrfic Officers: Candidates should be under 30 years 
of age and have atleast two years relevant postgraduate expenence. 
Senor Scientrfic Officers: Candidates should be between 25 and 
32 years of age and have at least 4 yoars relevant postgraduate 
expenence 

Application forms and further deal ere available from Recrurtment 
Saction, Nature Conservancy Council, Godwin House, George 
Street, Huntingdon, Cambs PE18 6BU (Tel: 0480 56191) 
Closing date for receipt of completed application forms 27 October 
1978. 


~ 
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THE MEDICAL RESEARCH COUNCIL OF 
NEW ZEALAND 


! DIRECTOR 


i} 
t 


Applications are sought for appointment to the position of 
Director of the Medical Research Council of New Zealand, to 
replace Dr J. V. Hodge, M.D., F.R.A.C.P., who has indicated 
his wish to withdraw from the Directorship in mid-1979. 


. The Council aims to support the balanced development of 
medical and related biological research in hospitals, universities, 
or Council’s own units, from funds largely provided from a 


Government grant. 


Standing committees assist Council in 


evaluating applications for research grants and fellowships, and 
provide leadership and expertise in fields of special need or 
concern. Adminstration of Council’s activities is carried out 
at present from its ofica in Dunedin 


Council ‘is seeking a person with proven expenence in 
medical or related biological research and administration. The 


position is equivalent to an 


professorial level 


appointment at university 


Intending applicants are invited to write to the Secretary 
of the Council or to the Secretary-General, Association of 


Commonwealth Universities 


(Appts), 


36 Gordon Square, 


‘London WCIH OPF, for further information and the details 

required in an application. Applications should reach the 
Secretary of the Council at P.O. Box 6063, Dunedin, New 
Zealand, not later than January 31, 1979. Councu reserves 
the right to make no appointment or to appoint by invitation. 


; NGKA) 
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CORNELL UNIVERSITY 


Applications are invited for a pom- 
doctoral research associate position in 
our common proyct. procaryotic gene 
expremuon in yeast. Ths position 
requires Ph D. ın molecular biology 
or in molecular genetics and research 
experiences with plasmids, restroction 
enzymes and DNA sequencing. The 
pola will be available November 1, 
I 


Send curnculum vitae and three 


Dr G. R Fmk, i cocker of 
Geneties, 216 Bradfield, mel Unr 
vermity, ‘Ithaca, N.Y 14853, 

Dr A! A Sralay, Department of 
Brocbembkatry, 
Blolory. bah Ge Hall, Cornell Univer- 
sity, Ithaca, 148 53 

Affirmative action/equal opportunity 
employer. T263(A) 


THE UNIVERSITY OF 
' MANCHESTER 
TECHNICIAN ' 
required with e minmum of ONC. 
or equivalent qualificatton and labor- 
tory Pemence to work ın the 
Department of Obstetrics and Gynae- 
cology. Unversity Hospital of South 
Manchester. The work will ravolve 
organ culture of female reproductive 
tusuc,: hmtology aand autoradiography. 


Amistance will also be required In the’ 
establmhment of new research methods 


into human fertibty Suitable cand? 
dates: may be considered for rogisira- 
tron for pale r y 
Salary scale to £3 060 pa 
Applecations, including a curmeculum 
vitac and the names and addresses of 
two «academe referees should reach 
the , Secretary. Department of 
Obstetmes and Gynaecology, Resarch 
and Teaching Block, University Hot 
ral, of South Manchester, West Dide 
bury: Manchester M20 &8LR by ne 
later than October 6, 1978 
TI62(A) 


Molecular and Cell 


UNIVERSITY OF BRISTOL 
` POSTDOCTORAL 
RESEARCH ASSISTANTSHI® 
.in Theoretical Chemistry/ 
Theoretical Physics ' 


a iar aa tons are invited for t 
apart rey = R postdoctoral researc 

assustantshtp, i avaelo for two yea 
from October 1978, to mudy tbo aoe 


molecular scattenog theory technique 
No pior placa of scattert 
theory ıs necessary, but ox ence 


Dr G Q Belint-Kurt:, School « 
Chemzstry, Bnsto) Univernty, Brin 
BS8 ITS, U.K TZAKA) 





LUDWIG INSTITUTE FOR 
CANCER RESEARCH 
(LONDON BRANCH) 


RESEARCH ASSISTANT 


required to undertake laboratory duth 
withm a clnsal and fundament 
research programms on hormo: 
receptors in breast cancer. Familiar 
with work in ths fleld m not eseni 
bot candsxfates will be preferred wi 
two or three years proven experior 
in laboratory techniques ‘and with 
higher qualification in Chemin 
Birochemutry Starting salary 

within current range of £3,580 
£4,680. according to age and qu 
tons Further particulars may 
obtained from The Sara Luda 
Institute for Cancer R {Lond 
Branch}, The cmt Labontozi 
Clifton Avenue, Sulton, sur E 
SPX. 6{A> 
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UNIVERSITY OF 


MINNESOTA 
COLLEGE OF VETERINARY 
MEDICINE 


St Paul, Minnesota, U.S.A. 
DEAN 


Applications and nominatsons are 
yovited for the posiuon of Dean of the 
College of Vetemnary Medicine Candi- 
dates must be veterinamans and should 
have demonstrated ability in scientific 
research and teachiog and an under- 
waoding of the service aspects of 
veterinary medicine Previous experi- 
ence in practice, academic, induwirwl, 
or governmental veterinary medicine rs 

ured. 

> Dean oe headership for all 
aspects of the educational, research 
and service functions of the faculty 
aod has budgetary respoosbilny for 
the college, which has 82 faculty mem- 
bers, 125 civil service personnd! and 
approximately 320 students enrolled 
in the DVM. program and [00 
students in graduate and residency 
programs 

Applications should include vitae 
and names and addresses of references 
and should be sent to Dr A J Linck, 
Chair, Advwory Selection Committee, 
213 Morn!) Hall, University of Min- 
nesola, Minneapola, MN 55455. They 
must be postmarked no later than 
November 27, 1978. 

The University of Minnesota n an 
equal opportunity educator and em- 
ployer. T228(A) 


ROTHAMSTED 


EXPERIMENTAL STATION 
Harpenden, Herts ALS 2JQ 


PLANT PHYSIOLOGIST ' 


to work in the Sols and Plant Nutri 
uon Department on invesugations into 
the datimbution and properties of crop 
roots in the feld, in relation to their 
absorption of nutments and water, 

Qualifications Firat or upper second 
clam honours degree in botany or 
biology, with good background in 
chemmtry Preference will be given to 
candidates with a doctorate or other 
postgraduate experience in the field 
of plant physiology or ecology 

Appointment tn grade of Scientific 
Ofiar (£3,294 to £4,415) or Higher 
Scientrfic Officer (£4,101 to £5,448) 
Starting salary depending on experi- 
ence At kas two year’ relevant post 
qualifying rence wm required for 
appoint al So. Non-contnbutory 
fUPCTEND uation 

Apply in writing to the Secretary 
giving names and addresses of two 
roferees, and quoting Ref 351 by 
October 27 1978 Further pertcculan 
on request. T23 KA) 





UNIVERSITY OF 
STRATHCLYDE 


Applications are invited from expert 
mental or theoretical phymceats with 
oral research experience for a 
LECTURESHIP ın the DEPART- 
MENT OF NATURAL PHILOSO- 
PHY Applicants should have research 
interests related to the work of the 
Department ın laser/plasma phymes, 
The successful candidato will be re- 
quired to partwipate in general under. 
graduato and postgraduate teaching 
in physics as wel] as in the research 
intorezis of the Department 
Salary scale £3,883 to £7,754 with 
Placing according to qualificatiom and 
expereance Superannuation benefit 
Application forms and farther par- 
tculars (quoting 49/78) and enclosing 
a self-addressed envelope (97x47), may 
be obtained from the Academie 
Appointments Officer Unlversnty of 
Strath lyde. Royal College Buwiding, 


204 George Street, Glasgow G! IXW.: 


wih whom apphcalons should be 
lodged by Owober 9, 1978 TAZIA) 


Western Australia 


MYCOLOGIST/PLANT PATHOLOGIST TO WORK 
ON PHYTOPHTHORA CINNAMOMI RANDS 


CONTRACT APPOINTMENTS 
Department of Conservation and Environment 


SALARY: 


$A15,286 


QUALIFICATIONS 
AND EXPERIENCE: 


Tertiary qualifications with postgraduate research axpenence in soil mycology, plant 
root diseases or plant pathology essenhal Postdoctoral expenence may be an advantage. 


DUTIES: 


Phytophthora cinnamom/ Rands is currently causing extensive damage to the jarrah 
forest in Western Australia To date over 200,000 hectares of forest hava been affected 
The successful candidate will be expected to conduct research on the biology, epidemi- 
ology, detection and control of Phytophthora cinnamom: Rands The appointee will be 
required to laise and work closely with research personnel in the Commonwealth 
Sclentrfic and Industnal Research Organization, the Forests Department and the Tertiary 
Institutions in the State under the general direction of a Supervisory Panel. 


LOCATION: 


Intoally with Or Andrew Glenn, School of Environmental and Life Sciences, Murdoch 
University, Perth, Western Australia 


CONDITIONS OF SERVICE: 


The succeseful applicant will be required to enter Into a contract with the Minister for 
Conservation and the Environment The term of the contract will be for five years 
Conditions applying under the contract will be the same as for temporary employees 
employed under the Public Semice Act and include four weeks annual leave, cumulative 
sick leave and other general conditions applicable to temporary employees 


TRANSPORT AND 
REMOVAL ASSISTANCE: 


The cost of first class air fares incurred by the appointees, wife and dependent children 
under the age of sixteen years, plus a reasonable amount for removal of essential persona! 
and household effects, subject to the appointee entenng into an agreement to remain 
in the employ of the State for ons to three years, according to assistance given A single 
appointes will receive the cost of first clase air fares Some assistance towards the cost 
of ramoval of personal effects will be granted 


APPLICATIONS: 


To state age, cruzenship, qualifications and expenence with the names of two referees to 
the Chairman, Public Service Board, 111 St George’s Terrace, PERTH, WESTERN 
AUSTRALIA 6000. 


Ciosing October 27, 1978 
7273(A) 


iy Nature Vol. 275 28 September 1978 





AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for sappomt- 
ment to the following. 


FACULTY OF SCIENCE 
DEPARTMENT OF BIOCHEMISTRY 


SENIOR TUTOR IN 
E MICROBIOLOGY 


Applicants should have a highor 
degree and teaching interests in Micro- 
biology The appointee will be ex- 
pected to contribute to the teaching - 
programme and tO ası in prep- 
aration, supervision and assessment of 
practical classes in: second-year general 
microbiology and third-year classes in 
mucrobiology, immunology and mol- 
ecular genetics The appointees will be 

~, required 10 partkipate in training 

a PhD and Honours students in the 
research of the Department (prmanily 
in collaborative ventures with the 
other staff) - 
_. Redearch in the Department (Head: 
Professor J F Williams) includes 
studies of the molecular besis of 
motility in slime moulds, protein and 
'nucletc acid synthesis in arbovirus- 

tx infected cells, hydrogen generation by 
blue-green algac, R-plasmids in entene 





~ 


Technicians 
Production and Research 


There are currently several vacancies at our new production and 
research laboratories at Milton Keynes 


Senior Techniclan — Drug Metabolism 


To carry out Metabolism Studies tn animals and man Applicants 
must have a good general Knowledge of most laboratory techhiques. 
Previous experiance could be advantageous, Qualifications required er ye ne eee ee 
are BSc in Bio Chemistry, Biology or related subjects; MI Biol. or ture and function, lymphocyte 


transformation 
equivalent. Appointment at Senior Tutor m 
normally for one year in the fire 
Instance with the possibility of yearly 
renewal up to five years 


CLOSING DATE NOVEMBER 17, 


Technician — Drug Metabolism 


To assist in Drug Metabolism Studies. Experience in this are ` 
would be desirable but not essential as on the job training would be 
given. Applicants must have ‘A’ levels, HNC, HND or equivalent. 


SALARIES Salary on appointment 
will be in accordance with qualifi- 
cattons and expemence within the 
range Senior Tutor $A!3,083 to 
$A 14,987 per annum Current exchange 
rates SAI=$USI1 15; 59p 


Techniclan — Production 
OTHER CONDITIONS Reasonable 
appointment expenses are paid Super- 


To assist with processes associated with the production of | ee ee ee. 
veterinary bacterial vaccines. Applicants should have HNC/HND or applicants, who are eligible to con- 
i equivalent. Experience of microblology or of production processing POS uence. With Doung 3 


provided for an appointee from out- 
would be an added advantage side Canberra . 


The Universily reserves the right not 
to make an a Intment or to make an 
appointment by invitation at any time 

Prospective applicants should obtain 
the further perticulars from the Aso- 
ctation of mimonwealth Universities 
Gorn: 36 Gordon Square, London 
WCIH OFF T267CA) 


These posts carry excellent salaries, our conditions of employment 
are first class and our benefits package Is of the standard expected 
from a major intérnational company 


Please write or telephone for an application form to. i 


Mrs. Shella Matthews, Hoechst UK Limited, Walton Manor, « 
Walton, Milton Keynes. Tel: Pineham 5068. 


- Hoechst 


T22HA) 





WELSH NATIONAL 
SCHOOL OF MEDICINE 
(University of Wales) 
` DEPARTMENT OF 
HAEMATOLOGY 
Appleanons are inviied for a 
RESEARCH OFFICER 


to work on fermtin vanants in 
keukacmian The project involves 
the tmauc culture of lymphocytes 


and the punficution and charac- 
UNIVERSITY OF ' ferrin. 





: termation of white cull 
; - ; NEWCASTLE UPON TYNE 
MEDICAL RESEARCH COUNCIL 


ELECTRON MICROSCOPIST 


Applications are invited from graduates with a degree in Medicine, or 
Biologica! Sciences to develop a research programme into the mechanwm 
of action of toxic substances The successful candidate will be responsible 
for leading a group consisting of one other scientist (to be appointed) end 
two technicians together with research students and visiting scientiis He 
will also be responsible for promoting collaborative research with other 
members of the unit working Toxicological problems, either in the whole 
animal or ip rsolated cells cultured in vitro 

Salary on MRC scientific staff scales (non-clinical) depending on age 
and sexperience. i 

Apply in writing enclosing a full curriculum vitae and giving the name 
of ne. referees to the Director, Toro oe Unit, Medical Research 
Council Laboratories, Woodmansteme Roed, rshalton, Surrey SMS 4EF 


MRO 


Medical Research Council 


DEPARTMENT OF 
ATOMIC PHYSICS 


Applications are invited from persons 
with postgraduate research experience 
for the post of DEMONSTRATOR ın 
Atome Phyncs The Demonstrator 
would contnbyte. to undergreduate 
teaching and‘conduct research in laser 
spectroscopy,, high resolution spectro- 
scopy or in experimental or theoretical 
aspect» of ‘atoms colluions Well- 
equipped _ research > mes are 
active in edch of these topics The 
epee be for three years 

lary will be at an appropriate 
point on the Grade 1B (Bar) scale 
£3,384 to £4,882 per annum, according 
to age, qualifications and experience 
Membership: of the. appropnate Uni- 
versity superannuation scheme will be 
required 

Two copies of applications together 
with the names and addrewes of three 
referees, shouid be lodged with the 
Registrar, The Unrversity, Newcastle 
upon Tyne: NEI 7RU, not later than 

ovember : 6, 1978 Please quote 
Reference N TITA) 













‘the Regutrar and 
- Welsh Natonal School of Medi 


Experience of preparative protein 
techniques n essential and a work- 
mg knowledge of immunological 
and cll culture methods n 
desirable 


Candidates should hold a good 
degree or equivalent in a biological 
science and have particular 
interust in beocheromiry. The pro- 
ject uw funded by the MRC. for 
a period of 3 yuars. A will be 
on ite scale for myers 
Research ‘and Analogous S 
Grade’ 1B (£3384 to £4,882 per 
annum under review) ‘ 


Applications, which should take - 
the form of a bref curreculam 
vitae with the names and addresses 
of two referees, should be sent to 
Secretary. 


cine, Heath Park. .Cardiff CF4 
4XN (quoting ref No H24/2/28) 


The Department may be visited . 
by appolntment with Professor 
Jacobs (Tel No. Cardiff 755944 
ext 2375), TAIT AD 
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“UNIVERSITY OF “OXFORD 
` NUFFIELD` INSTITUTE 
FOR MEDICAL RESEARCH : - 
POSTGRADUATE, ` 
RESEARCH ASSISTANT 
The posi involves “ work “on fetal 
' growth . development; : particularly 
m sheep gT monkeys |; Expenence,-1n 
Immunoastay procedures , preferred 
Applicants should possess a good 
honours degree ‘in Physiology or 're- 
lated subject. The’ post's, available, 
‘unmediately apd m funded to, December, 
1983 Salary -on Oxford Research Staf 
1B scale, £3,189 to’ £5,282 pa’ (subject 
to review) 
Letters of application, together with 
two referees, should be vent to 
i The Administrator : 
- . Nuffield-, Institute T 
for Medical Research 
Hoadley Way ; 


OXFORD: 0x3 IDS. ‘ 


COMMONWEALTH 
AGRICULTURAL BUREAUX 
Vacancy for f 
DIRECTOR ' 


Like all others in:the CAB series, the 
two journals in ine-readabie form 
are’ ’ through ‘the 
ae ast es roa 

a Tepopibie for 


maisinniag the ae e „the cim 
canta with appropriato sient 


ence in. yy rearinary o or 
human © or in ane ths 
b aclenoes basic to- nutrition 
F with administration -B 


Pb ths producion of scientific pubica- 
wouki be an advantage. A 


The start 
will ‘relate to qualifications and expén- 
b pensionable. ` 


oT, 
oral Bureaux, Farnham House, 
Farnham Royal, .Slou SL2 3BN 
Closing date; October. ‘1978. 
' F234( 


For thoed who sre seeking a change in 
thelr careers we' m ee the new 
sanos a " 

' APPOINTMENTS WANTED 5 


{' 
wil appear ‘weekly; the, adcyerbeing 
oharges are £1.50,.01 $300 pe me. 
(epproximutety seven, words). Minumum 3 
Amea Box ‘numbers are a 


utomebosiy - 
“given without further ohdrge, all oor- 
respondence to: NATURE CLASSIFIED 


“London Office: E 
3 DYERS BUILDINGS, | 
LONDON, ECIN 2NA 


„Telephone 01-831 6901 | 


Washington Office:: t 
711 NATIONAL PRESS BUILDING 
ANN GTON DC'20045 USA 
: (202) 737 2355 





- Preliminary . 
to De T “Atkine (Tel. O21” 399 
` Ext 423). 


aii 
d can beo obtained from the Staff- 


taa 


T7 UNIVERSITY: OF ASTON 
IN BIRMINGHAM i 
n4 t DEPARTMENT OF i 


rm. ; BIOLOGICAL SCIENCES, = 


DIABETES RESEARCH. 
Applications: are invited: for a f 
` „u POSTDOCTORAL i 


~ ' RESEARCH ‘FELLOW 


biological applications of polymers , 
cumulum vitae and -tbe names ‘of, |, would be pref 


The appotntment ts for a poried of 
-threo and salary will: be 


- 


- yours 
‘within The rango £4,382 10,382 por - 


éoquirles may be. 


vo è 


fon - forms . 





- RESEARCH ASSISTANT + 
DEPARTMENTS OF ` f 


- SURGERY AND BIOCHEMISTRY,» 


GLASGOW ROYAL INFIRMARY 


tions are ‘invited for the post , 


of EARCH ASSISTANT’ in an 
interdsciplhnary group imivestiguting 
the ocon of foctal antigens by 


human tumours. The post is suitable 

for a. graduate in biochempiry or 

radiated subject Experience m radb- 

immunoassay techniques wouid be an 
sucecssfui 


tenable for one 
‘be owithin the tt iverarty Research 
Assisiant scale (£3,660 to £4,130 
‘annum presently. under revision) 
“appropnate , supejannuation cheme 
a ts. Staring date by ‘agreement 

ares afora ten ai be obtained 
from ag KAET 
tof B Gis- 
‘gow G4 = rer prr a, Ext: 
$275) to whom appheations including 
curriculum wrae, and. the names ama of two 
referees should be sent. within’ two 
*weoks o the appearance of this adver- 
t 

Ip Fpl. please quote, Ref No 
424 1(M). - T2S2(A) . 


~a t > > x z Pa 





; i , . F P 


~ x* 
; 
f x a al a in t 


` UNIVERSITY OF DURHAM’ 


DEPARTMENT OF. CHEMISTRY 

Appleations are inyned = from 
Chemats or..Chemical Phymucuts for 
an S.R C Postdoctoral Senior Research 
.Astnianiship§ for. seventeen months 
from m.sdon -as possible to work in 
~icHlaboration with Dr J. .Yarwood on 
“the interaction ‘and ‘dynarhics of h 
wen bonded systems 10 the liquid p 
These studies “which -include A e 
for-infra+red, Raman and neutron scat- 
tering’ studies are also supported bya 
NTA T.O. research ‘grant ‘acd’ would 
be carmed out at ‘Durham, the -Tech- 
neal University, Braunschweig and at 
AERE, Harwell Some experiene 
in one branch of molecular st 
is ga and, an interest. in. ‘the 
chemical physics of mokecular „motions 
and`- mteraction ın- the quid phase 
arould be an ‘advantage 

Inrtial salary, Inthe vange £3,660 .t0 


UNIVERSITY. OF GLASGOW 


£4 130 pa. (ander review) on National’ ` 


Rescarch Range JA 
annuation. ’ 
Applications G ide naming three’ 
ncademsc; referees. should 
1978 to The it 


| plus 


” guper+ 


Octo ~ 
Socreialy, Scleaco La Laboratones, South’ 
Road,- ham DH! 3LE, T255(A) . 


“NATIONAL INSTITUTE | FOR ‘MEDICAL RESEARCH 
Division of BlochemIstry 


jä 
E 


' Applications are invited for the post of 


“HEAD OF THE | 
DIVISION OF BIOCHEMISTRY 


The Division at present has a staff of 31 and its main 
areas of activity are in- cell membrane structure and 
function, regulation. of protein, biosynthesis and in 





‘ribosome and. nuclear biochemistry. The future form 


of the Division has yet to be decided and can be 
discussed: with potential candidates. . 


The post is a permanent one carrying a salary within 
the professorial range. : ‘ 


Enquiries should be addressed to the Director, ‘National 
Institute for Medical Research, The Ridgeway, Mill Hill, 


‘London NW7 1AA to arrive not later than =e 


ee ar 
 T23B(A) 





UMIST 


Research and Teaching Posts In 
Bullding Science end Technology 


UMIST’ hai an active, developing pfogramme of research Into environ- 
ment, services, energy conservation and production problems of 
buildings. Applications are invited from candidates of ether sex for up 
to six temporary appointments which could be of up to two or three 


‘years duration:in the following fields a 


1; Bullding Services Unk 


This Joint Unit has recently been sabiha between the Department 
of Building and the Control Systems Centre to promote Investgation 


+ 


` Into the-thərmal dynamics and the- contol performance of buildings 


and building, environmental pervices 


2. SRC-supported project: Investigations of the thermal and 
~ ‘molsture dynamlos of bulldings 


This’ is’ a large scale’ project which is concemed with a number of 
aspects of building performance large-scale isboratory investigations 
of the thermal response of bujldings, heat and moisture flow in bulld- 
ing materials, and field studies ini wosting bulldings. 


In total fve, reeearch aserstantghipe and one temporary lectureahip are 
available The tem lectureship will be specifically connected with 
the Joint- Unit’ B recent graduates and those with research 
expenence and higher degrees are Invited to. apply. The posts would 
be of Interest to graduates tn, for example, Mechanical or Electrical 
Engirieenng; Physica, ` Chemisty, Maala Sclence or Buliding 
Science S 
Salary for Research Aseistants on Sanne B (£3334- £4882) of Range 1A 
(£3, 8831£6;665) and for Lectureship on scale—£3,883- £7,754 

Application : “forma ‘and* further details may: be obtained from the 


ooann LUMIST, .PO Box 88, Manchester, M60 10D, by quoting 
ref. BU1/161/Al. 


»?* 4 i. 4 


7238(A) 
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Department of Health and 
Social Security 


Pharmacist/Chemist 


The Brush Pharmacopoeia Commission 1s based 
in London and ıs responsible: for ‘all standards 
published in Britain for substances and articles 
‘used in human and veterinary medicine, and 
collaborates-in the publication of: the European 
Pharmacopoeia. It is aided by, committees 
comprising leading experts in the medical, 
chemical, pharmaceutical and allied fields. 
The scientist appointed will become famuliar with 
ail aspecs Gh che Cte asso ed aa 
mussion’s activities and will act as secretary to a 
number of’ Committees and Panels. The work will 
involve the inital collection of data for the pre- 
‚paration of specifications to.‘control identity, 
purity and potency, as well as minute wrinng 
and preparation of copy for printing. 
. Candidates,. nena aged under 30, should 
T have a good honours degree in phar- 
» chemistry, biology or related disciplme, 


combined with at least 2 years’ eee. 


penaoi, and have some knowledge of 

ualıty control of medicines. 

ppointment as Higher Scienufic Officer (£4560- 
£5910) with 
cations and ence. Promotion prospects. 
Non-contributory pension scheme. 
For further details and an application form (to be 
returned by 2oth October 1978) write to Cavil 
Service Commussion, Alencon , Basingstoke, 
Hants, RG2r 1JB, or telephone Basingstoke 


salary according to quali- ` 


GROUR MANAGER R & D 
HEALTH MARKET 


For many: decades we ‘have numbered among the well-known and 
successful German pharmaceutical companies whose Meany ethical phar- 
maceutrcals contribute markedly to therapy We are now in the process 
of intensively engaging ourselves in the health markets with the intention 
of making as substantial a contribution to the gcocra! increase of human 
hoalth through new phypological concepts and products. For this challeng- 
ing undertaking we`seek the Group Manager Research and Development 
who will lead and motivate our R & D team and provide the unpetus 
and guidance we need to realise our plans 

The position requires a NUTRITION PHYSIOLOGIST with a scientific 
or medical training who possetees good personal contacts within the circles 
of bis colleagues at universities and research institutes, is theoretically 
fam:liar with current problema in nutrition physiology., has expenence in 
the planning and realisation of practical scientific work, and uw capable 
of presenting new developments in the area of dietary products in a 
scientifically correct and pedagogxally attractive form In addition, if 


_ he has some industrial experience in the area of specialty dicta and 


emential nutrition components, knows the relevart legal regulations amd 
undersiamds enough of the market situation in order to be able to speak 
with authority to hm partners in marketing, he wili be able io successfully 
achieve our goals. 


To find the mght man for this pomtbon uw of crucial importance to us, 
we have therefore put together an appropriately attractive package. This 
as wel] as the other important details we would Ike to discus with you 
ın pemon Please contact us through our consultant who will treat your 
Inquiry in, utmost confklence Mrs R Nicola: will be at your dumpoeal 
for a first telephone contact dunng norma! office hours’ under the 
following number 

l i 0 1049 211-57 90 97 

A lettet addressed to her at the address given below will also reach 

us without delay INTERELECT Unternebmensberatung, Kaiser-Wilhelm- 


(0256) 68551 (answenng service operates outside 
' Office hours). Please quote ref: SB/11/KD. zr54¢4) 





INVERESK RESEARCH 
INTERNATIONAL 


RODENT TOXICOLOGY 


If you are a graduate (or avalenn with: some years’ 
experience in toxicology and are not currently earning 
the salary which toxicologists should command these 
days, or if you are ready for a career step, get in touch. 
We may just make you an offer you cannot refuse and 
might not ‘be able to match elsewhere. ` ` 


Our` laboratories are situated in rural East Lothian 
convenient for coast and country yet close to the city of 
Edinburgh ` The fringe ‘benefits which are significant will 
include, where appropriate, a generous rota allowance, 
and a very substantial relocation package 


Application forms, quoting ref. 2323, are available from 
Miss J. M.: Dunbar, Inveresk Research International, 
Inveresk Gate, "Musselburgh, EH21 7UB, Tel 031 665 
6881. T22Q(A) 








‘of Biochemis 





Ring 12, D-4000 Dusseldorf 11 
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THE UNIVERSITY OF 


LEEDS 
. DEPARTMENT OF 
BIOCHEMISTRY 


Applcabons are invited for the 
tem post of postdoctoral 
ARCH FELLOW for a fixed 
penod of 3 years. Tho post m for 
research into the organmation and 
structure of tbe major proicin 
ie3 of myeln. Expemence in 
the fields of protein chemistry or 
mombranes would be an advantage 
but = not escotal 
Salary in tbe range £3,883 
£4,882 (under review) on the 
Scale for Research and Analogous 
Staff according to age and exper 
enoe. 
Applications, enclosing a 
curriculum vitae aod the names of 
two referees should be sent to 


Dr J Fmdlay, Department of Bio-. 


chemistry, The University.of Leeds, 
Loods LS2 9JT. Closing date for 
appleatoons October [9, 


TECHNICIAN (Grade 5) 
required for the Department 


. The person 
appointed will required to 
operate the University Amino 
Acid Analyser service Appli- 
cations are invited from 
graduates or nongraduates 
with H.N.C. Salary on scale 
£3,186 to £3,720 per annum. 

Please write to the 
Administrative Officer (Per- 
sonnel), (Ref. S1058/N), The 
University, Sheffleld S10 2TN 


TRAA) 


t 





T256(A) 





THE UNIVERSITY OF; 
MANCHESTER 


CHAIR OF BIOCHEMISTR 


Applications are Invited for a om 
established additional Chair of ] 
chemistry “In the Faculty of Scam 
The existing Chair in the Depart 
u held by Professor G R. Bar 
Particulars of the appointment 1 
be obtained from the Rops: 
Appleations (two copies, one surti 
for photocopying) giving full det 
of qualifications, oxperience, resos 
eto., and the names and addresses 
three persons to whom reference | 
be made should be sent to 
Registrar, The University, Manche 
M13 9PL by November 14, 16 
Quote ref 178/78/N T216LA 


THE UNIVERSITY OF 
, MANCHESTER 


DEPARTMENT OF 
PSYCHIATRY 


RESEARCH FELLOW IN 


NEUROPHYSIOLOGY 


Applications are invited for thm p 
(tenable unt:! December 1980) to st 
the clectrophysiological consequen 
of adrenoceptor activation in m 
mahan nerve cel using -intracellt 
recording techniques The appor 
will collaborate with a small rema 
team working within the field 
cellular ` neuropharmacology Applica 
should posses a Ph.D., and have | 
research ex penenoes with neu 
physiological ~ techniques. Prefer 
starting date’ January 1. 
` Salary range p.a. £3.883 to £65 
‘Applications with curmculum wv 
and the names of two referees sho 
be sent before October 31, to Dr 
Srabed:, Department of Psychia 
Unreernty of Manchester, Stopt 
Building, Oxford Road, Mancha 
Mi3 SPT. T166(A 
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VIROLOGIST 


The National Institute for Biological Standards and 
Control is a multidisciplinary Institute concerned with 
the standardisation and control of biological substances 
used in medicine and associated research work. The 
institute is a WHO International Laboratory for biological 


standards. 


We are seeking to appoint a scientist in the Institute's 
Division of Viral Products to carry out research work on 
viral vaccines aimed at the development of improved 
methods for their standardisation and control. 


The position provides an excellent opportunity to 
contribute to the active virological research programme 
of the Division which is well equipped for modern 


techniques. 


Applicants should hold a PhD or equivalent qualification 

in medicine or veterinary science and should have 
recent research experience in biochemical or immuno- 
logical aspects of animal virology. 


Salary will be on the universities non-clinical lecturing 


‘scales. 


Application forms and further details of the post 
are available from Peter Collingridge, National 
institute for Biological Standards and Control, 


Holly Hill, 
01-435 2232. 


No: 0148. 


Hampstead, 


NW3 6RB. Telephone: 
ext 211. 


Please quote Reference 
7231(A) 


National Institute for Biological Standards and Control 


UNIVERSITY OF GLASGOW 
POSTDOCTORAL POST 


Applications are invited for a post- 
loctoral position in an MRC-supportéd 
rogramme studying Molecular and 
zenetic Control of Antibody Forma- 
ion. The emphasis of the group is on 
pplication of recombinant DNA tech- 
iques to molecular genetics of anti- 
dies, Experience in any aspect of 
ecombinant DNA or DNA sequencing 
nethodologies would be an advantage. 

Position available immediately and is 
enable for up te five years from date 
f appointment. 

Salary scale: £3,384 to £7,754, 

Applications with curriculum vitae 
und names of two referees as soon as 


wossible to: Professor A. R. Willtam- 
on, Department of Biochemistry. 
Iniversny of Glasgow, Glasgow G12 
QQ. 

In reply please quote Ref. No. 
233(M). 7243(A} 


QUEEN MARY COLLEGE 
University of London 
CHEMISTRY DEPARTMENT 
Applications are invited for a 


GRADUATE RESEARCH 
ASSISTANTSHIP 


or work with Professor R. Bonnett 
nd Dr M. B. Hursthouse on the isola- 
ion and structure of bile pigments. 
"he post, which is for 2 scars. would 
uit candidates wih experience of 
olation techniques and an interest in 
yedical biochemistry. Initial salary in 
ange iunder review) £3,384 to 
3.883 pa. plus £450 London Allow- 
nce. Please apply by letter. giving 
$e. Qualifications, experience and 
lames of 2 referees, to The Registrar. 
Ni, Queen Mary College. Mik Erd 
toad, London El 4NS. not later than 
Yetober IS, TISHA) 





UNIVERSITY OF 
ST ANDREWS 
LECTURESHIP IN 
MARINE BIOLOGY 


Applications are invited for a 
jectureship in Marine Biology to 
teach in a newly instituted Honours 
course of Marine Biology in the 
Gatty Marine Laboratory of the 
Universuy of St Andrews. 

fhe course is due to start in 
October 1979 but the uppointment 
will commence April i. 1979 to 
aliow the appoiniee to assist in 
planning and organisation, Prefer- 


ence may be shown for an experi- 
mentalist with research interests in 
plankton, but no candidate in any 
other field is excluded from apply- 
mg. 

Salary al 


appropriate point on 
£7.308 (under 
salary probably 
pus FAS U./ 


scale £3,660 rto 
review}, starting 
not above £5,282. 
Applications (wo copios prefer- 
ably in typescript) with the names 
of three referves should be lodged 
by November 3, i978 with the 
Establishments Officer, The Uni 
versity, College Gate, St Andrews, 
Fife. from whom further particu- 
lars may be obtained. T2 A) 





APPOINTMENTS WANTED 





BIOCHEMISTRY 
TECHNOLOGIST, A.LM.L.S. 


25. with excellent academic record, 
seeks position in continental Europu. 
Australasia or North America. Prefer 
non-clinical feld (e.g. research. in- 
dustrial, publishing}. Box No. 
72645(B). cjo Macmillan Journals Ltd., 
3. Dyers Bulidings. London ECIN 
ZNR. 7265(B) 
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THE UNIVERSITY OF LEEDS 
DEPARTMENT OF PLANT SCIENCES 
GRADE 5 TECHNICIAN IN ELECTRON MICROSCOPY 


Applications are invited for the above post. The person apppainted will 
be in charge of the maintenance and preparation work concerned with 
a research and teaching facility which includes three transmission electron 
microscopes (a Siemens Elmiskop IA, an A.B EM6B and a Siemens 


102), a scanning electron microscepe (Cambridge §6000) and ancillary 


equipment. 


Applicants should possess an H.N.C, or equivalent qualification and 
have had about 10 years relevant experience. 


Salary on the scale £3,186 to £3,720 a year. 


Applications with the names of two referees and full details of qualifi- 
cations and practical experience should be submitted by October 6, 1978 


to The Secretary, Department 
University, Leeds LS2 SFT, 





FELLOWSHIPS 


UNIVERSITY OF BRISTOL 
POSTDOCTORATE 
RESEARCH FELLOWSHIP 


Applications are invited for a pom- 
doctorate fellowship established to 
investigate the synaptic mechanisms 
regulating the peptidergic neurones of 
the magnocellular nuclei of the rat 
hypothalamus, Previous experience of 
electrophysiological recording from the 
CNS is required, and some expertise 
in the application of itontopharetic 
methods is desirable. 

The appointment is funded by ihe 
Medical Research Council for two 
years from October 1, 1978. Salary 
will be determined by age and experi- 
ence {minimum £4,382 per annum at 
age 26—scale under review). 

Applications giving details of age, 
qualifications and experience, together 
with the names of two referees, should 
be sent by October ié to Dr D. W. 
Lincoln, The Medical School, Univer- 
sity Walk, Bristol BS8 ITD, from 
whom further particulars are available 
(Bristol 24161, ert. 557}. 7241{E) 


UNIVERSITY OF 
DUBLIN 


TRINITY COLLEGE 
Chemistry Department 





Applications are invited = for 
three postdoctoral fellowships in 
this Department, funded by the 
National Board of Science and 


Technology. The salary will com- 

mence at £3,762 pa., and the 

appointments wHi be for one year 

in ihe first instance, with a 

possible extension for two further 

years. Appointments can be made 

from October l, 1978. 

The projects are as follows: 

iat in Organic Chemistry (in coi 
laboration with Or P. HM. 
Boyle) ta study the chemiusiry 
of quinonoid campounds used 
as food additives. This project 
will also receive support from 
industry. 

(b) In Inorganic Chemistry (in col- 
laboration with Drs C. J. and 
D. J. Cardin) for the study of 
catalytically. active organo- 
metallic derivatives of transition 
metal cluster compounds. The 
project will involve synthesis. 
structure determination, and 
study of catalytic behaviour. 
Experience in organometallic or 
inorganic chemistry is required. 
and knowledge of, or an interest 
in learning aspects of X-ray 
crystallography would be an ad- 


vantage. 

fc) in Organic Chemistry (in cob 
laboration with Professor 
T. B. H. MeMurry) to study the 
photochemical intramolecular 
addition of olefinic bonds to 
cyclic enoncs. Experience in 


synthetic and/or photochemistry 
would be an advantage. 
Applications wiih curriculum 
vitae and the names and addresses 
of two referees should be sent to: 
The Establishment Officer. 
West Theatre, 
Trinity College, 
Dublin 2. 
T2ITE) 


aseebtedve linen dayaprunipyenynammanncens MP 
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of Plant 





Baines Wing, The 
TISHA) 


SCjEentEs, 


FLINDERS UNIVERSITY OF 
SOUTH AUSTRALIA 


SCHOOL OF BIOLOGICAL 
SCIEMCES 


RESEARCH FELLOWSHIP 
IN BIOLOGY 


Applications are invited from suit 
ably qualified persons for a Research 
Fellowship tenable within any of the 
fieids represented in the School of 
Biological Soences of the University. 
The Research Fellowship, which is 
available from February 15, 1979, is 
tenable inuialivy for one year but appli- 
ganan may be made for an extension 
of up to a further twelve months. 
Applicants should bave completed a2 
Phi}. degree prior to taking up the 
appointment, or have had equivalent. 
research experience. 

The appoiniment will be made 
according to gualifications and experi- 
ence within the salary range SATIGI 
to $A14,987. Persons with a Ph.D. 
will normally be appointed on the 
third siep ($413,846). A contribution 
will be made towards the travel costs 
of the Fellow and his dependents in 
taking up the Fellowship. 

ihe chool of BHHogwal Sciences is 
an .miegrated schoti, wilmaul upe 
Uivisions ito separate departments. 
esearch conducted in the school iti- 
ciudes the following elda of study: 
ehavioural Biology (drug tolerance, 
neurc-transmitters and iearniag}, Bio- 
chemustry Uesgulation of growih, care 
cinogenesis, cyclic nucleotides, control 
of LNA synthesis, chromatin sube 
structure, <cyiokinins, phylochrome 
effects, aldosterone action, xenobiotic 
metabolism), Hiophysics fenergy can- 
servation in photo-synthesis, fast movè 
ments in plants, solule transpert by 
plant glands, vision physiology and 
anatomy), Developmental Biology 
igerm plasma in Anura, reproductive. 
embryology, nuclear transplantation), — 
Genetics (population genetics, Maciatnen- 
and chemical mutagenesis, genetics of- 
Drosophila compound chromosomes, — 
Drosophila development}, Tmmunclogy- 
imechanisms of selftolerance, and of 
autoimmune disease}, Microbiology 
{control of viral macromolecular syi- 
thesis, viral pathogenesis, genetic con 
trol of recombination in Neurospora}, 
Physiofogy (Animal) Gocomotion, tem- 
perature and water homeostasis, Te- 
sponses of liver and abdominal nerve. 
receptors to various stimuli, physiclogy 
and paleobiolegy of marsupials), Physi- 
ology (Plant) (structural and functional 
relationships between the plant embryo 
and surrounding tissues, drought hardi- 
ness), Plant cytogenetics (arid zone 
genetic systerns, karyotype evebition, 
translocation. heterovygesity)},  Popu- 
lation Biology {ecological and genetic 
studies}, Vertebrate Palaeontology. 

Applications, including full persona} 
details, details of acadernic record and 
publications, a brief outline of. researc! 
interests and names and adire 
at least two referees, sho 
with The Registrar, The 















versity of South Ag : 

Park, South Acustri O42. hs 
October 31. PTH. Each applioant 
should ask his or her referees fo for 


ward their reports directly fo the 
Registrar before the closing date. 
Further details concerning the staff 
of the School and their fields. of irm- 
terest are obtainable from the Regis 
trar. TISHE 


ULSTER: THE NEW UNIVERSITY 
SCHOOL OF BIOLOGICAL AND ENVIRONMENTAL STUDIES 


The Development of a Biological System for the Treatment 
and Utilisation of Whiskey Distillery Waste p 


RESEARCH FELLOWSHIPS 


Applications are invited 


tor three fellowships 


tenable from January 


1, 1979 to work on various aspects of this project which is financed by 
the Wolfson Foundation. Applicants should either be at the postdoctoral 
level or be graduates with at least several years postgraduate experience. 


Ref: 78/106 


Microbiologist-—This appointment will 
basic research and development 


be concerned with 


of the microbial system 


employed for treatment of the waste and the production 


of single cell protein. 


Ref: 78/107 
of 
struction, 


continuous flow 


Ref: 18/108 


examine 


Chemical Engineer-—The responsibilities 


the team will cover 
commissioning and operation of a pilot 
fermenter system at 


of this member 
supervision of com 
plant 


the design, 


the distillery. 


Fish Nutrittonist--The role of this appointment will be to 
the nutritional 


suitability, toxicity etc. of the 


single cell protein product particularly in relation to its 


use as 


Salary scale: (with 


a feedstull for rainbow trout. 
F.5.8.U./U.S8.5.) £3,883 to £4,133 


to £4,382 per 


annum, and the appointments will be for two years in the first instance 
with possible renewal for a further year. 


Further particulars may be obtained from The Registrar, The New 


University of Ulster, Coleraine, 


Northern Ireland BTS$2 


ISA (quoting 


appropriate reference number) to whom applications together with the 


and addresses of 
1978. 


names 
October 26, 


THE UNIVERSITY OF 


BIRMINGHAM 
DEPARTMENT OF PHYSIOLOGY 


RESEARCH FELLOW IN 
EXPERIMENTAL 
NEUROLOGY 


Applications are invited for a 
Research Fellowship in the Depari- 
ment of Physiology tn collaboration 
with Clinical Departments) to work 
on a five year M.R.C.-funded project 
involving the study of stretch reHex 
behaviour in human subjects, normal 
and abnormal, by the «application of 
engineering methods to human hmbs, 
The project is directed by Dr P. M. H. 
Rack from whom further information 
may be obtained. 

Applications from medically qualified 
graduntes wili be particularly 
welcomed, although science graduates 
are also encouraged to apply. 

Salary will be on the Research 
Scale JA (£3,883 to £6,555 plus super- 
annuation) according to age and ex- 
perience, The appointment will date 
from January l, 1979 or as soon 
thereafter as may be arranged. 

Applications with curriculum vitac 
and the names of three referees should 
be sent to the Assistunt Registrar, The 
Medical School, Birmingham BIS 27} 
by November 21, 1978. Please quote 
reference RE /Phy/2C78. T247(E) 





JNIVERSITY OF 
NOTTINGHAM 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 
IN IMMUNOLOGY 
A POSTDOCTORAL RESEARCH 
FELLOW is required for an ivestiga- 
tien of the interaction between immune 
complexes and macrophages imm man, 
leading to the development of methods 
for assessing immunopathological situ- 
ations. This M.R.C. supported post will 


run for three years, with a starting 
Salary of up to £3,895 (Range tA) 
and U.S.S. membership. 

The immunology dcpartment has 
recently moved into new accommoda- 
tion. in University Hospital with 
excellent facilities for research. R is 
also involved in’ undergraduate and 
postgraduate teaching as well as the 


provision of a comprehensive clinical 
immunology service, 

Candidatus should have a working 
knowledge of immunological methods 
and an interest in the medical appii- 
cation of their work. A!l enquiries and 
requests for upplication forms should 
be addressed to Dr R., O. Q. Leslie or 
Dr W. G. Reeves, Department of im- 
munology, University Hospital, Queen's 
Medical Centre, Nottingham  NG7 
2UH (telephone 0602-700L11, extension 
3510/3511). Closing date fer applica- 
tion October 27, 1978. T245(E) 


three referees, 


i 


later than 
7226(E} 


should be sent not 





UNIVERSITY OF 
NOTTINGHAM ` 


FACULTY OF 
AGRICULTURAL SCIENCE 
DEPARTMENT OF 
PHYSIOLOGY AND 
ENVIRONMENTAL STUDIES 


RESEARCH FELLOWSHIPS 
(PHYSICS/ENGINEERING) 


‘Two fellowships are available for 
projects supported by the A.R.. The 
first os concerned with the physics 
und gconamics of very low cost soiar 
energy collectors for use in crop dry- 
ing and the successful candidate will 
work with Dr J. A. Clark and Mr B. 
Wilton. The sccond project, supervised 
by Professor J. L. Montenh. will ex- 
amine the Feasibility of assessing the 
growth rate of crops from the spectral 
composiuen of reflected radiation, 
inciudtuy measurements from the air. 

Candidates should have a Ph.D. or 
equivaicnt experience in an appropriate 
branch of physics, engineering ofr 
environmental science. Both appoint- 
mems ure for 3 years on a salary scale 
commencing at £3,384 p.a. 

Applications with the names of two 
referees should be submitted to and 
further details may be obtained from 
The Secretary, University of Noting- 
ham School of Agriculture, Sutton 
Bonington, Nr. Loughborough. 

7246(E) 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited 
above post supported by a Cancer 
Research Cumpaign grant tenable for 
three years (maximum) from Octoper 
i, 1978, to work on cell interactions 
and intercellular communication in 
animal tissues. The project will investi- 
gate aspects of the structure and 
function of communicating junctions 
igap junctions) formed between animal 


for the 


cells in culture and in vivo, Experience 


in developmental biology, electron 
microscopy or membrane protein chem- 
istry is desirable. Starting salary in the 
range £3,483 to £4,382 (Range IA of 
the Research and Analogous Staff 
scule}. Further information may be 
obtained from Dr J. D. Pitts, Depart- 
ment of Biochemistry, Unversity 
Glasgow, Glasgow GI2 ROQ. Applen- 
tions, including a full curriculum vitae 
and the names of two referees, should 


be sent to Dr Pitts at the above 
address before October 20, 1978, 

In reply please quote Ref. No. 
4225(M). 7244(E) 


of 


Nature Vol. 275 28 September 1978 


for continental 
geological data. 


MURDOCH UNIVERSITY 
Perth, Western Australia 


Murdoch University, Western Aus- 
tralia’s second university, admitted its 
first students in February, 1978, The 
University is committed to taking a 
fresh approach to higher education, 
with the goal of responding directly to 
the conditions and needs of the late 
twentieth century. This is reflected in 
admission policies, organisational struc- 
tures, programmes of study, philos- 
ophies of teaching and recruitment of 
staff, 

The University is organised on a 
system of schools of study, with the 


Dean of each school having both 
academic and administrative responsi- 
bility. 


Applications are invited from suit- 
ably qualified persons for the following 
position which is to be taken up on 
December 4, 1978 or as soon there- 
after as possible. 


SCHOOL OF MATHEMATICAL 
AND PHYSICAL SCIENCES 
(Dean: Dr L. R. Davidson) 


POSTDOCTORAL 
FELLOWSHIP—CHEMISTRY 
(Ref. ENO353) 


Applications are invited from suit- 
ably qualified chemists for a post- 
doctoral fellowship to investigate chem- 
istry in non-agueous solvents, in cob 
laboration with Professor A. J. Parker. 
The research may be oriented towards 
applications of ionic solvation to 
hydrometallurgy, or solar cells, non- 
aqueous batteries and electrochemical 
science. However, chemists with a 
variety of backgrounds are encouraged 
to apply because a variety of basic 
rechniques such as conductance, khit- 
etics, polarography, calorimetry, poten- 
tiomtetry, spectrascopy and cyclic vol- 
tumetry are used in this type of work. 

The appointment is for two years 


with the possibility of renewal for one 


further year. 

Further details can be obtained from 
Professor A. J. Parker, Murdoch Uni- 
versity, Murdoch, Western Australia 
6153. 

Salary Range: $A13,083 to $A14,987 
per annum. 

Conditions of Appointment include 
payment of a travelling allowance. 

Applications. Two complete sets of 
detailed applications, quoting the ap- 
propriate reference number, including 
full personal particulars, details of 
tertiary qualifications. career history 
with description of posts held, area of 
special competence and interest, re- 
search completed or currently being 
undertaken. Membership of professional 
institutions or societies and positions 
of responsibility in these: list of 
relevant material published by. the 
applicant, when available to fake up 
appointment if offered and the names 
and addresses of two professional 
referees, should reach the Personne! 
Officer, Murdoch University, Murdoch, 
Western Australia 6153, by November 
6. 1978, T270CE) 


Details by circular available November from: 
Mr W. F. Mavor, 
School of Physics, 
The University, 
Newcastle upon Tyne, 
NEI 7RU, U.K. 





LECTURE 





NATO ADVANCED STUDY INSTITUTE © 
THE MECHANISM OF CONTINENTAL DRIFT 
AND PLATE TECTONICS 

at . 

Institute of Lunar and Planetary Sciences, 
School of Physics, The University, 
Newcastle upon Tyne, NEL 7RU, U.K. 
March 27-—April 10. 1979 
An appraisal of the constraints placed on models 
motions 


by geophysical and 


TSA mene T EEE EE NES EE State 
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STUDENTSHIPS 





CITY OF LONDON 
POLYTECHNIC 
DEPARTMENT OF — 

BIOLOGICAL SCIENCES 
S.R.C. (C.A.S.E.) 
STUDENTSHIP 

invited for a ree 

search studentship tenable for three 

years from January 1979 (or earlier; 
in the above department. We are seek« 
ing a physiologist /biochemust/pharma- 
cologist who will join a small group 
studying the actions of Vitamin C om 
lipid metabolism in several vertebrates. 

Candidates should possess an upper 

second or first class honours degree. 
Part of the research will be cone 

ducted at the J. A. Pye Research 

Centre. Nr Stowmarket, Suffolk. 
Further details of the research pro- 

gramme and application form may be 

obtained from Dr K. M. L. Morris, 

Department of Biological Sciences, 

City of London Polytechnic, Old Castle 

Street, London El 7NT. 7268CF) 


Applications are 


| 


UNIVERSITY OF BATH 
SCHOOL OF PHARMACY 
AND PHARMACOLOGY 

RESEARCH STUDENTSHIP 

A recent graduate in Pharmacology 
or related discipline is necded to study 
urachidonic acid metabolism in human 
reproductive tissue. The project will 
he supervised by Dr K. L Wijhams of 
the Pharmacology Group jn co-opera- 
Hon with Mr D, Bamford, a consul 
tant obstetrician at St Martins Hos 
pital, Bath. The appointment, Ivading 
to a higher degree, will be for two 
years inittalivy, current S.R.C. scales 
apply. 

Applications with curriculum viat 
and names and addresses of two 
referees to Dr Ko L Wilhams. Pharma- 
cology, University of Bath, BATH 
BA2 7AY. 7224F) 





TENDERS 








TENDER 
East Sussex County Council 
BRIGHTON POLYTECHNIC 


Tenders are invited for the supply of 
au Rheometer of Advanced Design. 
Tender forms, returnable by October 6. 
1978, and further details from The 
Chief Education Officer, P.O. Box 4 
County Hall. Lewes BN7 ISG (Ref: 
SUPP/PGCT). 
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OUR 
GROWTH FACTORS 
BUILD STRONG CELLS 
MANY WAYS! 


if you are having difficulty growing cells in Tissue 
Culture, our Growth Factors will help you. They in- 
crease Survival times, accelerate growth rates and 
improve plating efficiency. In many instances, they 
also affect DNA, RNA and protein synthesis rates and 
a host of transport mechanisms. Collaborative Re- 
search Growth Factors now available from stock 
include: 


Epidermal Growth Factor (CR-EGF) 
Fibroblast Growth Factor (CR-FGF) 
Multiplication Stimulating Activity (CR-MSA) 
Nerve Growth Factor (CR-NGF) 
Endothelial Cell Growth Supplement (CR-ECGS) 
Human Thrombin (CR-HT) 


In addition, we have ['251] labelled derivatives and 
antisera for EGF, FGF, MSA and NGF 

To find out more about our Growth Factors and what 
they can mean to your research, call or write for our 
free technical bulletins. Or for immediate delivery of 
these products call our Order Department 
617-899-1133 


For Research Use Only 


Research Products Division 
Collaborative Research. Inc. 


1365 Main Street. Waltham. Mass 02154 
Te! (617) 899-1133 TWX 710-324-7609 
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SCIENTIFIC INSTRUMENTS 
LABORATORY EQUIPMENT 


SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 


Singer Micromanipulators enable anyone to 
make exact movements without tremor or 
lost motion, in three dimensions, using a 
single control handle under low or high 
power magnification 

A varied range available. All simple to 
operate 

SINGER INSTRUMENT CO. LTD., 
Treborough Lodge, Roadwater, 
Somerset. 
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Always wanted 


BACK RUNS OF 
JOURNALS 


In Science and the 
Humanities 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Folkestone, 
Kent, England 
Tel: Folkestone 57421 
Telex: 96392 
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LOW COST MILLIVOLT INTEGRATOR 
Suitable for any transducer giving a 
linear mV output of up to 25mV. 8 digit 
display, micropower chopper stabilised 
amplifier, one year battery life, very low 
input threshold and high stability. Counts 
at 1 Hz for 10mV in put. Price £80 (exc! 
VAT) 

Also, a miniature 9-point mV chart 
recorder and a range of micro- 
meteorological instruments for mea- 
Surements of solar radiation, net 
radiation (short and long wave} and 
relative humidity 
Further details will gladly be provided 


by 
DELTA-T DEVICES, 128 Low Road, Burwell, 
Cambridge. Telephone: Newmarket (0638) 
741584, 

We are affiliated to ICOM, the Industrial 
Common Ownership Movement 
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NEW IDEAS WANTED 
An international 
information awareness 
programme invites 
previously unpublished 


monographs from young 
professional people 
anxious to promote their 
ideas and concepts to a 
wider audience. 
Details from: 
VERUS PUBLICATIONS 
61 Manor Road 

Verwood, Dorset 
Tel: 020 123 4961 
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MICRO-PROCESSORS FOR 
RESEARCH AND TEACHING 

YOU NEED GOOD ADVICE betore 
rushing in to buy. Micro-processors can 
save you time and money, and lead to 
innovation in research and teaching. But 
hardware isuseless without software We 
specialise in providing reliable software 
to meet your applications. One of our 
most 20pular packages is SAM — 
Statistical Analysis for Micro (and Mini} 
computers 

FOR A SURPRISINGLY LOW PRICE 
yOu Can Duy or rent a micro-system trom 
us which will transform your data 
analysis research and teaching 
methocs. We provide FREE advice on 
Suitable systems 

For a copy of the lates! catalogue and 
details of the next demonstration ring our 
24 hour answering service Potters Bar 
(77 trom London) 54737, or write to 
RESEARCH RESOURCES LTD. P.O. Box 
160, Potters Bar, Herts. 
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Platinum alloys, 
stainless steel, 
silver, multistrand 
and single strand 
available for prompt 





Medwire Corp. 


AMiate of Sigmund Cohn Corp 


| 123 So. Columbus Ave. **"* 
Mt. Vernon. NY. 10553 Shipment. Write for 


914-664-5300 descriptive brochure 
Reg TM E | Dupont 


and price lists 
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Rocks & Minerals 


SPECIMENS FOR 
RESEARCH — STUDY — DISPLAY 
Bulk minerais for all purposes 
Sets of basic rocks, minerals and 
radioactives Ground Rock sections 


Advanced collectors specimens, 
fluoresceants and micro-mourits 


Sets of geological specimens for O and 
A level examinations 


Send S.A.E. for stock ist 
ROCKS AND MINERALS. 
4 ROYAL CRESCENT, 
CHELTENHAM, 
GLOS GL50 30A. 
Tel. 0242 27232 
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Bristol. Printing: Web Offset by The Chesham Press Limited, Chesham, 
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The fast 
get faster. 


Now the Ohaus Dial-O-Gram 

1600 Series has a 10-gram 

dial; you can read to 

0.1 gram directly, so every 

measurement is easier, faster. 

We've also increased and contains a flat 

capacity to 2610 g with spring which allows you 

three weights that to slide it along the beam for rough 





insensitive to Zam, 
Out-of-level = ems 
conditions. Or the 
patented Ohaus tare poise: 
it's internally threaded 




















are easily attached, taring and rotate for fine | 
andstore conveniently adjustment. ~~. 
| in the contoured base. ME oem 200-900 
, We've kept the ~~ 
= ~ over 20 special advan- ——- 
tages that make the lf you'd like to find out how beauti- 
Dial-O-Gram 1600's all best-sellers. fully engineered a balance can be, write: 
For example, a lever system Ohaus Scale Corporation, 
to make these Ohaus balances 29 Hanover Rd.,Florham Pk.,N.J.07932. 


a { é 
— 4 a 
a vi 
Ohaus Scale Corp 
Spy Sce er Postfach 60 06 29 
Cambridge CB4 2AA 6000 Frankfurt 60, 
ENGLAND GERMANY 
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THE COMPLETE 
OLUMN 


Everything you need to build a Column comes in a convenient storage box. 
Decide what length you want to use, 35 or 65 or 95 cm. 
Assemble it yourself in less than five minutes without tools. 
Change the length whenever you need. 
The same low cost for both 16 and 26 mm diameter. 











Any one of three different column lengths is 
possible with each kit: 35, 65 or 95 cm. You can 
thus decide which of these best fits your personal 
needs, and easily assemble it, using the jacket 
sections provided, without tools 


Two flow adaptors included, to permit con- 
tinuous variability of gel bed volume, and for 5 
precise sample application. 

r 

Improved flow characteristics are obtained 
through special center filter »dot» and flow spread 
pins. 

Flow adaptor head designed for minimum dead 
space, both internally and externally. 


Filters come ready-mounted on support rings, for 
a quick, snap-on attachment. 


The adaptors are secured at the column ends by 
‘unique fork-type brackets, which assure the .- 
centering of the adaptors within the column. A 
fitting allows the hanging of a plumb line to de- 
termine the exact vertical orientation of the 
column. 
v 


SS 








z 
tr 
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New, clip-mount three-way valve, and sample 
applicator syringe, supplied with column. 

Both 16 mm and 26 mm diameters available 
at the same low cost. 

Optional accessories include a reservoir and 
column packing device, which will work with both 
available column diameters 


Order before December 31, and you will receive 
a free, 500 ml bottle of Ultrogel, in your choice 
of grade. Offer good while supply lasts! 
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Jupiter viewed in ultraviolet light. 
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A REVIEW OF THE EUROPEAN SPACE PROGRAMME 
Europe should invest in space science 

Scientists press ESA to restore budget to 1971 levels 

What the critics say 

Multi-discipline refurbishable satellite 
ESA: the organisation 

ESA: the scientific record 

Astronomy in the 1980s 

Science in the Solar System 




















NEWS AND VIEWS 
Insect molecular biology on Crete/RNA processing/Ice dynamics/ 
New magnetic structure in the light rare earth metals/Sun—weather 
effects/Therapeutic agents for sickle cell disease 364 


The International Ultraviolet Explorer (IUE) 


Introduction R Wilson 371 





The IUE spacecraft and instrumentation 
A. Boggess, F. A. Carr, D, C. Evans. D. Fischel, H. R. Freeman, C. F. Foechsel, D. A. Kinelesmith, 
V, L. Krueger, G. W. Longanecker, J. V, Moore, E. J. Pyle, F. Rebar, K. O. Sizemore, W, Sparks, 
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In-flight performance of the IUE 


A, Boggess, R. C. Bohlin, D. C, Evans, H. R. Freeman, T. R. Gull, 8. R, Heap, D, A. Kiinglesmith, 

G. R. Longanecker, W. Sparks, D. K. West, A. V. Holm, P. M, Perry, F. H. Schiffer TH, B. E, Turnrase, 
C. C. Wu, 4. L. Lane, J. L. Linsky, B. D. Savage, P. Benvenuti, A. Cassatella, J, Clavel, A Heek, F, Afacchetio, 
M. V. Penston, P. L. Selvelli, E, Dunford, P. Gondhatekar, M. B. Oliver, M. C. W. Sandford, D. Stickland, 77 
A. Boksenberg, C. 1. Coleman, M. A. J. Snijders and R. Wilson p 3 : 
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A. Willis, R. Wilson, F. Macchetto, P, O. Selveili, D. Stickiand, J. L. Greenstein, J, B. Hutchings, 385 
A. B. Underhill, R. Viotti and J. A. J. Whelan o ae PA T EET EE i 


IUE observations of cool stars: a Aurigae, HR1099, 4 Andromedas, and s Eridani 
J. L. Linsky, T. R. Ayres, G. S. Basri, N. D. Morrison, A. Boggess, F. H. Schiffer 11, 4. Holm, A, Cassateilas 3i TE : 
A. Heck, F. Macchetto, D. Stickland, R. Wilson, C. Bianco, A. K. Dupree, C. Jordan and R. T, Wing oF 


IUE observations of the interstellar medium i 

M. Grewing, A. Boksenberg, M. J. Seaton, M. A. J. Snijders, R. Wilson, A. Boggess, R, C. Bohlin, P. M. Perry, 
tH. Schiffer 111, P. M. Gondhalekar, F. Macchetto, B, D. Savage, E, &. Jenkins, Ai, Mf. dohason, M. Perinotia 304 
and D.C, B. Whittet l a 


IUE observations of X-ray sources: HD153919 (4U1700~- 37), HDE226868 {Cyg X-1), 
HZ Her (Her X-1) _ 
A. K. Dupree, R.J. Davis, H. Gursky, L. W. Hartmann, J. C. Raymond, A, Bogeess, 4. Halm, Y. Kondo, 
C. C. Wu. F. Macehetio, M. C. W. Sandford, A. J. Willis, R. Wilson, F. Ciatti: 2. B. Phatchinegs, H. AF. Foftiusos, 400 
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Edited by P. J. Roberts, G. N. Woodruff, and 
L. L. Iversen. 


This book provides the most up-to-date infor- 
mation on the neurochemistry and pharmacology 
of dopamine, ranging from molecular mechanisms 
at the receptor to therapeutic approaches in 
disorders of brain dopamine metabolism. 


429 pages, $35.75(1978) 
NEURONAL PLASTICITY 
Edited by C. W. Cotman 


This volume presents a critical analysis of the 
ways in which neuronal circuitry adapts In 
response to isternal perturbations such as lesions, 
and to external perturbations such as dramat- 
ically altered environments during development. 
lt will be of value to the neuroscientist interested 
in the basic processes of neuronal plasticity, 

and to the cliaician who recognizes the possible 
applications for nerve repair and recovery of 
function. 


352 pages, $32.50 (1978) 


NEUROBICLOGY 
OF THE MAUTHNER CELL 


Edited by D. S. Faber and H. Korn 


This book integrates all of the basic information 
known to date on this unique neuron. Major 
areas discussed are: morphology, synaptic topol- 
ogy, electrophysiology and pharmacology of 

the Mauthner cell, the macromolecular biology of 
its axon, the comparative biology of the sea 
lamprey neuron, and a critical review of develop- 
mental and behavioral studies utilizing this cell, 
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TRACER KINETIC METHODS 
IN MEDICAL PHYSIOLOGY 


N., A. Lassen and W. Perl 
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presented and the formal similarities are noted. 
The material is essential for all research workers 
in physiology. 
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logical axons, aad clinical correlates of labora- 
tory findings. Qne-hundred-twelve detailed 
electron micrographs, and an extensive bibliog- 
raphy of more than 2000 current references 
make this compendium a valuable tool for 
students, neuroscientists, neurologists, neuro- 
surgeons, and neuropathologists. 


464 pages, 7 x FO inches, 
112 plates and {12 diagrams, $42.25(1978) 
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AND BEHAVIOR 

R. B. Livingston 
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problem of human life, the problem of 
communication, It presents the main biological 
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behavior, in an evolutionary and developmental 
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necessary for understanding norma! and abnor- 
mai subjective experience and behavior. 
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Edited by N. Chalazonitis and M. Boisson 


This volume presents a comprehensive overview 
of the chemical and pathological modifications 
that trigger abnormal electrogenesis, and 
summarizes the current state of our under- 
standing in terms of cellular and ionic 
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presented in this multidisciplinary review. 
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Europe should invest more in space science 


SPACE science is expensive. NASA’s science 
budget amounts to half-a-billion dollars a 
year. No individual European country 
could afford a national programme to 
satisfy the needs of its astrophysicists and 
geophysicists to do experiments in space, let 
alone provide opportunities for scientists 
working in other fields to realise the potential 
space has to offer. For Europeans, therefore, 
international collaboration is essential. It 
pools funds, expertise and ideas. 

The European Space Agency (ESA) under- 
takes this task. If ESA did not exist, space 
scientists in individual European countries 
would have to rely on ad hoc international 
collaborations. More likely than not, most of 
these would involve NASA, which has a 
world lead in space science and can build 
spacecraft more cheaply and efficiently than 
any European country. Such collaborations 
could undoubtedly benefit all taking part: 
previous ones have proved this. 


But total reliance on NASA could be 
dangerous. For example, some European 
scientists might want to build a mission 


which is of no interest to NASA at the time 
it is proposed. This might not be because it 
is unworthy of development but simply be- 
cause it is not NASA’s policy to build that 
type of mission at that time. European scien- 
tists need some independence and ESA 
should be able to provide it. 

This is not to say that ESA itself should 
shun collaboration with NASA. On the con- 
trary, wherever such collaboration is the best 
way of achieving the scientific aims of a par- 
ticular project, it should be done. And this 
applies just as much to collaboration between 
individual countries and NASA. 

If ESA is to provide European scientists 
with a certain amount of independence, it 
must provide them with enough launches. 
Many European scientists feel that, because 
of its appallingly low budget for science— 
about a tenth that of NASA—and poor value 
for money. ESA is failing them. And matters 
are unlikely to improve. The few funds which 
are available might well be spread even more 
thinly in future. 





















































INSIDE: eight-page special on the European space science pr., ty k 


ESA is now under pressure to support mis- 
sions to the planets. And it will soon have 
to decide how to pay for materials and 
sources, such as climatology. 

Although it cannot support some of these 
scientific disciplines at the expense of the 
others, ESA must make sure that it does not 
lose the support of its best scientists. There 
is a danger that when a group of space scien- 
tists in Europe develops a world lead in its 
discipline, it will want to break away from 
ESA because ESA cannot give it the oppor- 
tunities it needs to maintain that lead 

The key to ESA's future success is more 
space opportunities more often. This could be 
achieved if member states agreed to increase 
the mandatory science budget. Matters could 
be improved even further if ESA could cut 
costs. 

ESA’s Science Advisory Committee is argu- 
ing that some of the surplus money which 
will be available in the early 1980s—when 
the applications programmes start to cost less 
(see page 356)—should be diverted to science 
But space science is not high on the list of 
priorities in most member states, who want an 
immediate financial return for their invest- 
ments. 

Good science, as always, has its intrinsic 
merit. but there are extrinsic reasons for a 
substantial investment in space science. In 
many industries, a strong programme of 
scientific research stimulates the development 
of new technologies. This applies a fortiori 
to the space industry. Building spacecraft for 


scientific research often calls for greater 
technological advances than building applica- 
tions satellites. For example, ESA’s faint 


object camera for the Space Telescope has 
put Europe’s industry in the forefront of 
advanced photon detector technology 
Further. if the development and runni’ 
of space applications is taken over from } 
by industry, as seems possible, further | 
ment in space science will be the one 
which national governments can k 
space industries on their toes. Sp 
should not be seen as a luxu’ 
necessary part of a healthy ine 
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Scientists press ESA 
to restore budget to 1971 levels 


Esa’s future is in the balance. The 
end of the decade set aside for 
developing space applications is in 
sight. At the end of this year, the ESA 
Council will have to make some funda- 
mental decision on the future. 

Exactly how scientists should in- 
fluence that future was discussed last 
week at a meeting of ESA’s Science 
Advisory Committee (SAC) in Nice. 
“Now is the time to say that science 
needs more support from the member 
states”, is how Professor Klaus Pinkau, 
a member of the SAC summed up the 
conclusion of the meeting. 

The SAC would like to see some of 
the funds now spent on applications 
diverted to science in the future. In 
1971, ESA’s science budget was cut to 
make room for the new space applica- 
tions. Now that many of those applica- 
tions are nearing the end of their 
development there is a strong case for 


some of the money which will be re- 
leased to be spent on science. 

The other factor which distinguishes 
ESA’s present predicament from the 
past is how to incorporate the ‘new’ 
fields of materials and life sciences and 
earth resources into the science pro- 
gramme. It is essential that the new 
fields should at least be screened for 
their scientific worthiness by ESA’s 
scientific advisory bodies. If they are 
funded outside the mandatory science 
budget the situation could arise where 
a project in one of the ‘new’ fields 
would be funded, even though scienti- 
fically it was not as worthy as a 
geophysics or astrophysics experiment, 
simply because a separate budget had 
been set aside for it. 

The West German government is 
likely to support the scientists’ view. It 
has already said that it would like to 
divert funds from applications to 


What the critics say 


UROPEAN space scientists are far 
from content with the service they 
receive through the European Space 
Agency (ESA). According to Professor 
Martin Rees, who until last year was 
chairman of ESA’s Science Advisory 
Committee, ESA’s science budget is only 
about a tenth of NASA’s. And many 
claim that ESA spends it inefficiently. 
ESA was created in 1975 out of the 
European Space Research Organisa- 
tion (ESRO) and the European 
Launcher Development Organisation 
(ELDO), The former had been solely 
responsible for space science: the 
latter for developing an independent 
launcher capacity for Europe. Since 
these two objectives have been under 
the umbrella of one agency, there 
have been fears that too much atten- 
tion is being paid to the industrial 


programme (it takes 85% of ESA's 
budget) at the expense of science. 
According to one West German 


official “science developed a good re- 
putation in ESRO, but ESA is not 
taking enough care of it”. In 1971 
{SRO defined a ‘minimum viable bud- 
t which amounted to only two-thirds 
its expenditure, and ESA has kept 


he scientists’ dissatisfaction is 
hed by the frustration of some 
A’s staff who feel that ESA is 
for many ills for which it can- 
held entirely responsible. They 
e exceedingly difficult task of 
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trying to implement a European 
science programme within the con- 
straints of a very limited budget (about 
£50m per year, compared to CERN'’s 
£190m for high energy physics). And 
in recent years the reduction in many 
national programmes has put an even 
greater burden on that budget. 

So far all ESA’s scientific missions 
have been paid for out of the man- 
datory science budget. Each of the 11 


member states (Belgium, Denmark, 
France, Germany, Ireland, Italy. the 
Netherlands, Spain, Sweden, Switzer- 


land, and the UK) contributes to the 
mandatory budget in proportion to 
its gross national product up to a 
maximum of 25%. 

But as time goes on, European 
space scientists need larger space 
missions more often because they need 
to build on the previous research of 
European and national missions. On 
top of that, scientists in fields which 
have never been catered for by a 
European space mission, in particular 
planetary science and climatology, are 
putting pressure on ESA to provide 
them with opportunities. And looking 
further to the future materials and life 
scientists might well be applying 
similar pressure if they gain their 
entrée into space through the launch 
of a manned laboratory—Spacelab 
1983. According to one West German 
Scientist “a multiplicity of disciplines 
are now knocking on the mandatory 
science budget’s door”. 

The difficult position ESA is in 
is illustrated in the long term planning 
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The French government, 
ever, might need some hard persuasion 


science, 


from its scientists. And in the UK, 
diverting funds from industry to 
science is likely to produce many 
administrative difficulties because of 
the way it pays its ESA subscriptions. 
The SAC will present its ideas to the 
Science Programme Committee (SPC) 
in November. At the end of the year, 
it will report to the ESA Council out- 
lining its ideas for the future. a 


reports produced by its astronomy and 
solar systems working groups in 1976. 
They both concluded that a basic 
programme in each of their respective 
fields over the next ten years would 
take up the entire mandatory budget 
available over that time. 


It is also claimed that ESA is in- 
efficient. In recent evidence to the 
Committee on Science and Tech- 


nology, US House of Representatives, 
Dr Wolfgang Finke, speaking in his 
capacity as Head of Space and Trans- 
portation of the Bundesministerium 
für Forschung und Technologie 
(BMFT), said that a conservative 
estimate of the cost of an international 
project’ is more or less equal to the 
product of the ‘true’ costs of the pro- 
ject done nationally and the square 
root of the number of participating 
countries”. For ESA with eleven 
member states this rule implies very 
expensive projects indeed. However, 
a direct comparison of the costs of 
ESA’s satellites and NASA’s or those 
built in an individual country, is very 
difficult because of differences in 
accounting and charging overheads. 
Nevertheless ESA is in the process of 
making such a comparison, 

A major factor contributing to high 
costs is ESA’s industrial policy. The 
policy was created to help develop the 
European aerospace industry and 
states that industrial contracts have to 
be distributed throughout member 
states in proportion to the size of their 
contributions to ESA’s subscription. 
Thus an ESA satellite may be built in 
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several firms in several member states. 
There is little or no competition for 
contracts and therefore little natural 
price control. Also because space con- 
tracts are few and far between, and 
are only small fry to the aerospace 
industry, they suffer from lack of 
continuity and standardisation. 

Standardisation could only be in- 
troduced if ESA built a series of 
similar satellites. However, it is un- 
likely that enough satellites could be 
built with the available funds to make 
standardisation a reality. In the early 
days, ESRO attempted to build a 
standard bus, but after the first, TDI, 
a uv satellite launched in 1972, it had 
to scrap the idea. “European missions 
have never been suitable for a standard 
bus” says Mr Roy Gibson, ESA’s 
Director-General. Nevertheless, Dr 
Edgar Page, Head of the Space Science 
Department at ESA's technology 
centre, (ESTEC), in Noordwijk the 
Netherlands, believes that ESA’s 
future success will depend to a large 
extent on whether or not it can achieve 
some sort of standardisation. At the 
moment, ESTEC engineers are looking 
at standard subsytems rather than 
standard buses, but these are more 
likely to find uses in applications 
satellites rather than scientific ones. 

Reusing spacecraft might be another 
way of cutting costs. At the moment 
NASA’s Space Shuttle is the only 
vehicle capable of retrieving or refur- 
bishing spacecraft in orbit, so the cost- 
effectiveness of doing this will be very 
dependent on its launch costs and pre- 
cisely how it is used. So far ESA is 
participating in two future reusable 
missions: Spacelab and NASA’s Space 
Telescope. Spacelab, however, will 
probably be very expensive to operate, 
one of the reasons being the high cost 
of using the Shuttle. NASA is quoting 
$31m for a Space Shuttle launch by 
non-US government users. 

Some of the missions ESA has 
already flown and many of the ones 
it is considering for the future are too 
large and expensive for any individual 
country to build. Mr Ernst Trendelen- 
burg, ESA’s Director of Scientific Pro- 
grammes, believes that these are pre- 
cisely the kind of missions ESA should 
be adopting. Mr Gibson, however, 
believes that ESA should also provide 
smaller facilities. These differing views 
are reflected in the scientific community 
itself. Largely, big launches mean high 
energy astronomy, and a rather small 
community of users, and small launches 
mean geophysics and more users, except 
for certain very sophisticated experi- 
ments. 

Until 1972, scientists needing small 
payloads carrying experiments of short 
duration were catered for by ESA’s 
sounding rocket programme. This was 
stopped, however, on the grounds that 





sounding rockets are within the scope 
of national programmes. Now ESA 
only helps out in the running of 
ESRANGE, a rocket range in Sweden. 
The main hope for the future in cater- 
ing for small payloads is Spacelab. But 
there are fears that it might be too 
expensive to be used to best effect. 
“We had hoped Spacelab would be 
a seven day balloon or rocket facility”, 
commented one German scientist “but 
it looks like becoming a seven day 
satellite facility’. And for atmospheric 
scientists, at least, it will not be as 
useful as sounding rockets because it 
pollutes its environment and its orbit 
is uninteresting to them scientifically. 

ESA’s scientific satellites have be- 
come more complex as time has passed. 
In astrophysics, for example, early 
satellites such as TDI were designed 
to survey the sky at various wave- 
lengths and identify interesting objects. 
Follow-up satellites need to observe 
those objects with greater pointing 
accuracy and higher resolution. Large 


ae 


A, 


observatories in space are needed to do 
this. The instruments for them often 
have to be built under the direction of 
ESTEC because they are beyond the 
technologcial capabilities of universi- 
ties and research institutes. Many 
scientists feel that this trend is taking 
away their opportunities to design and 
build instruments which are just as 
important for maintaining a strong 
scientific community as being able to 
do theoretical work from satellite data. 
ESA is developing a will of its own. 
One possibility for overcoming this 
problem is to build large observatories 
within consortia of institutes. Pro- 
fessor R. Lust of the Max Planck 
Society in Munich and the first scienti- 
fic director of ESRO, believes that this 
is possible. “EXOSAT (ESA’s X-ray 
satellite to be launched in 1981 on 
Ariane) is a large observatory satellite 
and it is being built in industry under 
the direction of ESTEC. Cos B (ESA’s 
cosmic ray satellite launched in 1975) 
was just as complicated and it was 








built successfully in five different in 
stitutes”. 

Not all scientists are so critical of 
ESA. In spite of its shortcomings some 
think it provides an essential service. 
Professor van de Hulst of Leiden 
University, the Netherlands, for ex- 
ample believes that “ESA suffers from 
the problems of a big international 
organisation. but it must be judged on 
the projects # has done. These have 
been good.” And Professor Roger 
Bonnet, of the Laboratorie de Physique 
Stellaire et Planetaire, near Paris and 
chairman of the SAC thinks that it 
offers a certain independence for 
Europe. “Cooperation with NASA can 
be difficult”, he says “because NASA 
won't always be willing to adapt its 
programmes.” 

Inevitably, the least discontent 
scientists are those in countries with 
an active national programme. Holland, 
for example, has a small but world- 
renowned astrophysics community 
which has been able to take advantage 
of opportunities om some ESA satel- 
lites, such as Cos B, and on other 
satellites in collaboration with other 
countries such as the NASA-Dutch 
X-ray satellite ANS-1 and the NASA- 
Dutch-UK infrared satellite, IRAS 
due for launch in 1981. It is just 
beginning to consider what kind of 
satellite to build after TRAS. Two 
possibilities are an X-ray satellite and 
another IR satellite. 

Perhaps the country where ESA’s 
problems are posed most acutely is the 
UK. Unlike most other European 
countries, its contributions are paid 
by two agencies cut of two separate 
budgets. The Science Research Coun- 
cil (SRC), which pays about £8m, is 
responsible for science and the Depart- 
ment of Industry, which pays about 
£30m, for applications. The SRC 
therefore is a focus for scientific 
opinion within the UK government. 
In 1975, during a period of financial 
stringency, the SRC adopted the policy 
of squeezing funds for big science. 
Before then the UK’s national space 
programme exceeded its contributi 
to ESA. Now it is slightly less and 
current national programme will 
to an end next year after the 
of UK-6, an X-ray satellit 
some £9m. Apart from ` 
satellite, to which the U7 
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further opportunities to help them 
maintain the world lead they gained 
after UK-5, an X-ray satellite launched 
in 1975. They feel that the data from 
EXOSAT, ESA’s large X-ray observ- 
atory, will be spread on the ground 
too thinly to be of much use to them. 
“The future of British astrophysics 
does not lie with ESA” commented 
one British high energy astronomer. 

Recently the SRC has been devoting 
some thought to ways of providing 
UK scientists with more space oppor- 
tunities and of cutting the cost of 
space science. It is considering collab- 
orating with NASA on a multi- 
disciplinary refurbishable satellite 
(MRS) to be launched and refurbished 
by NASA’s Space Shuttle. The idea 
is to increase the lifetime and use- 
fulness of a single satellite by repairing 
it and altering its payload either in 
orbit or on the ground. The SRC hopes 
that an MRS could be a very cheap 
way of doing both astrophysics and 
geophysics experiments. There are 
some fears, however, especially among 
geophysicists that by trying to please 
everyone it will please no one. 

The SRC would like to involve ESA 
in studies on the MRS, but enthusiam 
for the idea within ESA is low. There 
are doubts about its feasibility and 
worries that it would mean yet another 
collaboration with NASA. Neverthe- 
less, ESA will at least be obliged to 
look into the idea although it could 
not be studied in time for ESA’s next 
project decision at the end of 1979. 

West Germany’s policy is to conduct 
as much of its space science through 
ESA as possible and it would actually 
like to increase its contribution to 
ESA’s mandatory science budget. 
However, it could only do this if all 
member states agreed to increase their 
contributions accordingly. In the iong 
term, Germany would like to see funds 
diverted to science from applications. 
“Applications should only go on in 
ESA for a short time,” says Dr H. Strub 
of the BMFT, “then they must be 
marketed and taken out of ESA’s con- 
trol. In science ESA runs and develops 
satellites but in applications, the users 
must take this over once the technology 
has got off the ground”. In particular, 
Germany would like to see mere spent 
on science when ESA’s own launcher, 
riane, and Spacelab near the end of 
e most expensive phases of their 
velopment. By the mid-1980s, it 
uld like ESA’s entire budget to level 
at 350 mau (about £230m) at 
*s prices (it is now about 530 
£345m) and most of # to be 
on science and new fields to 
ordering on applicatiens and 
such as remote sensing and 
gy. 
eatest pressure on ESA to do 
science comes from 
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Germany. German scientists would 
like to consolidate the experience they 
gained from the Helios probes, two 
solar physics missions launched in 1974 
and 1976 in collaboration with NASA, 
The French would also like to build 
on their collaborations with the Soviet 
Union on a number of planetary 
missions. Germany is also considering 
collaborating with NASA on Robi, a 
cheap X-ray satellite. 

Scientists within the SAC feel many 
of ESA’s problems could be solved if 
member states agreed to increase the 
mandatory science budget and ESA 
could increase its cost-effectiveness. 
Professor Klaus Pinkau of the Max 
Planck Institute fur Extraterrestiche 
Physik recently sent out a question- 
naire to European space scientists 
canvassing opinion on ESA. “The 
science budget doesn’t need a six-fold 
increase” Professor Pinkau told 
Nature. “This would-be out of pro- 
portion to the funding of the rest of 
science”, He would like to see the 
mandatory science budget restored to 
its pre-1971 level, about 100 mau 
(£65m) at today’s prices, and would 
like ESA to make efforts to increase 
its cost-effectiveness by at least 20%. 
Over a ten year period, he says, ESA 
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should be able to fly one mission a 
year if it built five missions costing 
50 mau each, four costing 120 mau and 
one very good and expensive one 
costing 250 mau. 

To achieve this, however, ESA 
would have to make special efforts to 
keep the cost of small satellites within 
the 50 mau limit. Professor Pinkau 
suggests that facilities on the ground 
could be used more efficiently so that 
the science budget does not have to 
pay for facilities which are not being 
used for some part of the year. “Good 
management should show where you 
lose money”, he says. The industrial 
policy might also have to be revised 
so that the principle of fair return 
would apply over say ten years. 

This scheme, he feels could in- 
corporate materials and life sciences 
into the mandatory budget. Earth 
resources would have to remain outside 
the budget but could still be refereed 
within the procedure of the SAC. Such 
a scheme however is dependent on the 
member states agreeing to increase the 
science budget and on ESA achieving 
a substantial reduction in costs. The 
former lies wthin the power of national 
governments. The latter is up to ESA. 


CI 


The multi-discipline refurbishable satellite 


THE MRS is one country’s (the UK’s) 
attempt to find more flying time outside 
the auspices of ESA. Under considera- 
tion by the Astronomy, Space and 
Radio Board of the Science Research 
Council, it would use The Godard 
Space Flight Center’s kit-form Multi- 
mission Modular Spacecraft (MMS) as 
a base (see figure) and erect on it 
instruments to serve both astronomers 
and geophysicists. A study is underway 
(it will report in January) at British 
Aerospace, Stevenage, to assess the 
difficulties of combining the instru- 


ments on the same vehicle. “And it 
doesn’t make life easy’ said one 
scientist. 


The MRS would be a collaboration 
with NASA, which is interested in fly- 
ing high energy astronomy experi- 
ments. But NASA is not concerned 
with flying geophysics on this mission; 
so geophysicists in the UK are 
suspicious that the exercise is one de- 
signed by high energy astronomers to 
‘sel? the project to the Science Re- 
search Council, which is conscious of 
the need to serve as many Scientists as 
possible. 

Funds would be needed by about the 
end of 1980, for a launch from the 
Space Shuttle in 1985. The UK would 
assemble the satellite, at a cost of 
£15-£20m—twice the cost of UK6, for 
example. But the MRS could take a 
payload of up to 1,000 kg, and could 





Exploded view of MMS basic modules 
and elements 


have a continuous data rate an order 
of magnitude greater than UKG. 

Atmospheric physics may be the 
casualty of the multidiscipline con- 
frontation, as its requirements are least 
compatible with astronomy. But the 
MRS is retrievable and refurbishable 
and is designed to make use of the 
supposed reduced costs of reuse of the 
MMS base and some instrumentation. 
Geophysics could get a better look in 
on a subsequent launch. 

But everything depends on whether 
an agreemennt can be reached with 
NASA on the first and subsequent 
flights—as always with such collabora- 
tions—-and, ultimately, on the un- 
certain cost of operations with the 
shuttle. a 
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Who makes 
the decisions? 


FINAL approval for ESA’s scientific 
projects is granted by the Science Pro- 
gramme Committee (SPC), the body 
responsible to the ESA Council for run- 
ning the science programme within the 
financial limits set by the Council. 
Each member state is represented on 
the SPC by its own delegates and is 
allowed one vote in any decision. 
Projects for final selection are put to 
the SPC by the Director-General, Mr 
Roy Gibson. He is advised by the 
Science Advisory Committee (SAC) 
and four working groups: the astron- 
omy working group (AWG), the solar 
system working group (SSWG), the 
materials sciences working group 
(MSWG) and the life sciences working 
group (LSWG). Experts appointed by 
the Director-General and acting in 
their own personal capacity, sit on each 
advisory body. The MSWG and LSWG 
were recently created. The two areas of 
science they serve are new to ESA. 
One life scientist, one meteorologist 
and four representatives of the astro- 
physical and geophysical sciences sit on 


the SAC. Its meetings are attended by 
the chairmen of the working groups. 

The executive recommends that new 
project proposals are screened by the 
working groups. The money spent on 
early studies is authorised by the 
Director-General. 

If preliminary studies are successful, 
the Director-General may recommend 
that a project be considered by the 
SPC. The SPC will then decide whether 
or not to go ahead. When a project has 
been approved, ESA puts out a call for 
proposals for experiments. 

Although there is no formal link be- 
tween the working groups and the SAC, 
in practice they work together quite 
closely. Typically, out of 10-20 project 
proposals put before the working 
groups, 5-6 will be passed on to the 
SAC and three on to the SPC. On 
average the SPC chooses one major 
project for development every one and 
a half to two years. 

So far, the SPC has only approved 
one experiment in the materials and 
life sciences, the Sled for Spacelab, to 
be funded out of the mandatory science 
budget. The rest of the experiments 
approved in these disciplines are for 
the first Spacelab payload and are being 
paid for in individual countries and out 
of the Spacelab budget. 

As well as vetting individual project 
proposals, the working groups and the 
SAC discuss overall policy for the 
science programme. In 1976, for ex- 
ample, the AWG and SSWG both pro- 
duced reports on the science and 
projects needed in their respective 
fields up to 1990. About once every 
four years, the SAC also discusses plans 
for the future, such as it did last week. 

Responsibility for seeing that the 
science programme is put into practice 
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rests with Mr Ernst Trendelenburg, 
Director of Scientific Programmes. His 
responsibility now includes future 
science programmes. To speed up 
decision-making, he would like to see 
the number of early studies cut, especi- 
ally those for projects which are 
obviously unsuitable for further de- 
velopment from the outset. M 


Four steps to 
get a project 
off the ground 


A SCIENTIFIC mission proposal which 
has been studied by the relevant work- 
ing group and found scientifically 
worthy will go through four ‘stages’ 
before it is finally approved and the 
spacecraft is built. Each stage is inde- 
pendent of the others so that the 
mission can be scrapped at the end of 
any one without breaking contracts or 
jeopardising the money which would 
be spent in the subsequent stages. Most 
projects which go beyond phase A, 
however, are completed. The steps in 
a mission’s development are as follows: 


Mission definition or assessment. This 
is a study stage to define the mission 
and its payload. It is done under the 
direction of ESA by seven to ten scien- 
tific experts in the mission’s field of 
study. They measure the interest shown 
in the mission by the scientific com- 
munity in Europe, assess its scientific 
soundness and the ability of European 
universities and institutes to build 
instruments capable of achieving its 
scientific objectives. They also predict 
what sort of system will evolve, how 


@ turn to next pag 


The cost: where the money comes from, where it goes 


ESA’s TOTAL budget for 1978 is about 
530 mau (one mau is roughly US $1.3 
million). Of this, 75.5 mau is to be 
spent on the science programme, about 
80 mau on the general budget and the 
rest on Spacelab, Earthnet and ap- 
plications programmes such as tele- 
communications satellites, Meteosat 
and the development of ESA’s own 
launcher, Ariane. 

The science budget and part of the 
general budget are mandatory. Each 
member state contributes to them in 
proportion to its gross national pro- 


duct. Thus, in 1976, Belgium con- 
tributed 3.48%, Denmark 2.26%, 
France 21.20%, Germany 25.25%, 


Italy 13.23%, the Netherlands 5.34%, 
Spain 4.44%, Sweden 4.46%, Switzer- 
land 3.56% and the United Kingdom 
16.47%. So far all ESA’s scientific 
missions have been conducted through 
the mandatory programme, even 
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though, in principle, nothing excludes 
a group of interested member states 
from funding an optional one. 

The mandatory part of the general 
budget funds ‘basic activities’ such as 
the technological research programme 
at ESTEC, the salaries of some head- 
quarter’s staff, the documentation 
centre at Frascati and the infrastruc- 
ture. In 1978 it amounted to about 
54 mau. The rest of the general budget 
is for facilities which cannot be 
charged to any particular programme 
such as the cost of buying the 
agency’s headquarters in Paris and the 
cost of running the Ariane’s launch 
pad at Kouru in French Guiana. 

All of the science budget is spent 
on building spacecraft and very large 
instruments such as those for Spacelab 
or large observatory-type free-flyers, 
and on maintaining facilities for track- 
ing them and receiving data. Most of 


the experiments on board satellites, 
however, are built in universities and 
institutes and are funded out of 
national funds for scientific research. 
In 1971 the mandatory science budget 
was fixed at 28 mau. In 1978 that level 
is 75.5 mau and in 1979 it is expected 
to be about 79 mau. As scientific satel- 
lites cost between 50-100 mau, and 
some of them even more, this level of 
funding means that ESA can build one 
every one and a half to two years. 
The capital cost of launches is not 
the only expense, and already the 
science budget is almost fully ac- 
counted for until the end of 1980. It 
is proving difficult to find the 2 mau 
needed to keep Cos B, ESA’s cosmic 
ray satellite launched in _ 1975, 
operating for another year. This sum 
has not already been included in next 
year’s budget because Cos B has ex- 
ceeded its expected lifetime. g 
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much it will cost and what sort of effort 
in terms of manpower and techno- 
logical research will be needed. The 
study normally takes three months. 
Phase A or study stage. Those pro- 
posals not thrown out after the assess- 
ment stage are subjected to a more 
detailed definition. This is usually done 
under the direction of a technical study 
team which may contract out to 
industry some parts of the study. It 
involves a detailed estimate of the 
cost and time to completion and a 
thorough description of the payload, 
spacecraft, orbit, ground support and 
data handling and analysis. Typically 
the study stage lasts nine months and 
costs 1% of the final project cost. 
Phase B or design stage. A scientific 
project which enters this stage has 
usually been approved for development 
by the SPC. It is put under the man- 
-agement of a project team which will 
be responsible for it until it has been 
launched and is operating. The project 
team places contracts in industry for 
the design of the spacecraft. Typically, 
phase B takes one year and costs 10% 
of the final cost of the project... 

Phase C/D or development and pro- 
duction. Typically, for a scientific 
satellite, this will take three years and 
cost 40-70 mau. 


The project teams include engineers 
from ESTEC’s department of develop- 
ment and technology (DDT). When 
they are not part of a project team 
they do research in one of the DDT’s 
divisions on various aspects of advanced 
space technology. This research is im- 
portant for keeping Europe in the fore- 
front of space technology. 

Before launch all ESA satellites are 
tested at ESTEC. It has the only facility 
in Burope—a high vacuum chamber 
14m high and 10m in diameter—large 
enough to test a satellite with its booms 
deployed or the nose cone of Ariane. 
Once the satellite is in orbit, however, 
operational responsibility for it shifts 
to the European Space Operations 
Centre (ESOC) at Darmstadt, West 
Germany. As well as control of the 
orbit, ESOC is responsible for setting 
up ground stations to receive data. 

One of ESA’s objectives is to en- 
courage development of European in- 
dustry. This is reflected in the way it 
puts out tenders to industry for its 
scientific satellites. Its industrial policy 
states that each member state should 
receive the same percentage of the 
total contract put out to tender as it 
contributes to the mandatory science 
budget. This is irrespective of whether 
it is participating in the scientific pay- 
load., This policy is controlled by the 
Industrial Policy Committee (IPC) 
which can suggest how contracts 
should be placed to ensure that each 
country gets a fair return O 
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ESA’s SCIENTIFIC RECORD 


The past... 


ESA and its predecessor ESRO have 
launched twelve scientific satellites 
since the first launch in May 1968. Six 
of them are still operating: Cos B, a 
highly successful gamma ray observa- 
tory launched in April 1975: Geos 1, 


-which failed to reach geostationary 


orbit in April 1977 but is producing 
some useful magnetospheric data; 
ISRE-2, which was launched in Oc- 
tober 1977 and-is observing the inter- 
action of the solar wind and the 
Earth’s magnetosphere in conjunction 
with NASA’s ISEE-I!; Meteosat, 
launched in November 1977, con- 
tributing to the Global Atmospheric 
Research Programme and the World 
Weather Watch; International Ultra- 
violet Explorer, the ultraviolet astro- 
nomical observatory, launched as a 
NASA-UK-ESA collaboration in Janu- 
ary 1978; and Geos 2, a ‘copy’ of 
Geos 1, successfully launched into geo- 
stationary orbit in June 1978 to observe 
the magnetosphere. 

Of the previous seven satellites, five 


_were designed for magnetospheric and 


atmospheric experiments, and two for 
energy astronomy: ESROU 
for .cosmic rays and solar X-rays, 


launched May 1968) and TD-1 (a UV 
Satellite launched. March 


1972 and 
operational for two years but troubled 
by malfunctioning tape recorders). Of 
the complete list of thirteen satellites, 
nine were for Harth-related observa- 
tions (mostly on Sun-Earth interaction) 
and four for astronomy. Astronomical 
satellites were launched in 1968, 1972, 
1975 and 1978. 


The present... 


ESA’s report to the 2ist COSPAR 
meeting in June 1978 says that while 
Sun-Earth relationships ‘‘continue to be 
an important feature of the agency’s 
scientific programme”, there is a 
change afoot: “an increased emphasis 
is being placed on astronomical 
studies”. This is reflected to some 
extent in the current list of approvals 
(four main projects, two of which are 


astronomical, and to a greater extent 


among the competing proposals for the 
next project (three out of five are for 
astronomy). Approved are: 


The first Spacelab payload. Spacclab is 
scheduled to fly with the tenth flight 
of the Space Shuttle on 3 December 
1983. It will be manned, bit will stay 
aloft for only 7-30 days. According to 
ESA’s 1978 report to COSPAR “the 
composition of a ‘typical Spacelab pay- 
load wH! be distinctly different from 
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that of a conventional research 
satellite”. Life sciences and materials 
sciences will benefit from ‘look-see’ 
experiments in a new environment. 
But the observing time is too short for 
much astronomy. 

EXOSAT. This 0.1 keV to 50 keV 
X-ray astronomy satellite is scheduled 
for launch on Ariane in February or 
March 1981 (or by Thor-Delta if 
Ariane is not ready). It has two 
operating modes: occultation, using the 
Earth or Moon to. determine the posi- 
tion and structure of X-ray sources, 
and arbitrary pointing, which will be 
used to determine this spectral and 
temporal variation. 

Out of Ecliptic/Solar Polar Mission. 
This is a joint mission with NASA to 
launch two spacecraft in February 
1983, to fly out of the plane of plane- 
tary orbits and around the North and 
South poles of the Sun. The gravita- 
tional field of Jupiter will be used to 
swing the spacecraft out of the ecliptic. 
The objective is to extend into three 
dimensions our knowledge of the solar 
corona, the solar wind, the solar 
magnetic field, the cosmic ray flux, 
and interplanetary/interstellar neutral 
gas and dust. 
The space telescope. This, as ESA’s 
latest report to COSPAR says, “is the 
mos anrbitious project in space astro- 
nomy currently planned and will 
dominate astronomical research for the 
rest of the century”. ESA is partici- 
pating at a devel that will allow 
Europe’s astronomers just 15% of the 
observing time on the high-resolution, 
2.4 metre telescope. The telescope 
should be launched from the space 
shuttle at the end of 1983 with five 
separate focal plane instruments. In a 
500-km high orbit, it will be retrievable 
and refurbishable, and should serve 
astronomers for two decades. 


The future... 


THe European Space Research and 
Technology Centre (ESTECO) in the 
Netherlands is investigating the 
scientific and technical merit of several 
spacecraft which will compete for 
selection as the scientific project to 
follow the ESA/NASA space telescope 
which is due for launch in 1983. 

To effectively use the science budget 
ESA's Science Policy Committee 
(SPC) will have to decide on which 
experiment to launch by the beginning 
of 1980. The next mission should then 
be ready for launch in 1985. 

The options are already known. 
According to Dr D. E. Page, head of 
the science department at ESTEC, any 
new mission proposals could not be 
studied in time for next year’s decision 
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Already approved: space telescope, to be launched from the NASA shuttle, and the Out-of-Ecliptic mission, both scheduled jor 1983. 


because available staff at ESTEC are 
already committed. The selection will, 
therefore, be from the following: 
Extreme ultraviolet and X-ray survey 
satellite (EXUV). The proposal for this 
satellite stemmed from observations 
made in 1975 by NASA’s X-ray satel- 
lite, Copernicus. Before that it had been 
thought that extreme UV radiation was 
too heavily absorbed by the interstellar 
medium (ISM) to be observed. Coper- 
nicus, however, showed that the local 
ISM is thinner than had been expected 
and that in certain directions the 
emissions can be observed from 
objects up to 100 parsec away. 

ESA’s EXUV satellite would survey 
the sky in the waveband 15 A-1,000A 
with a few arc min resolution. It 
would provide information on very hot 
stars, which emit most of their radia- 
tion in the EUV waveband (250 À- 
1,000 A), and stellar coronae. It would 
also help study the origins of the dif- 
fuse XUV (15 A-250 A) background. 

The estimated cost on completion of 
an EXUV satellite is 75 mau. This in- 
cludes half an Ariane launch. 
Astrometry satellite. The position of 
stellar objects can be measured with far 
greater precision from space than from 
Earth. In principle, positional accuracy 
could be improved by a factor of 20 
and the number of observable stars 
could rise by a factor of 10 to 100. 

The idea for an astrometry satellite 
in ESA is about nine years old. How- 
ever, it has never been one of the 
candidates for final selection because 
previous studies have been abandoned 
at the mission definition stage. One of 
the problems is that it could be tech- 
nically very demanding to achieve the 
claimed increases in accuracy. Because 
of this, an astrometry satellite could be 
expensive, of the order of 95 mau. 
Grazing-incidence solar telescope 
(GRIST). This would be an ESA- 
funded Spacelab facility to observe the 
Sun in the soft X-ray and UV wave- 
bands (100 A-1,700 A). The advantage 
of using Spacelab (rather than flying 
GRIST separately) is that the telescope 
could be flown as one of several solar 
telescopes, making simultaneous obser- 


vations in a variety of wavelengths. 
NASA is considering building the other 
telescopes. 

The option of another large Spacelab 
facility, the large infrared telescope 
(LIRTS), has recently been shelved on 
cost grounds. Interest in focal plane 
instrumentation for LIRTS, however, 
is still being maintained at ESTEC in 
case the project is ever reconsidered as 
a free-flyer. The major disadvantage 
of putting a heavy instrument on Space- 
lab is that the launch cost for a 
7-30 day flight is as much as the cost 
of launching it as a free-flyer with an 
observing time of several years. 
Sun-Earth observatory and climatology 
satellite (SEOCs). This would measure 
the Earth's radiation budget more 
accurately than previous NASA satel- 
lites. It would help investigate the 
physical processes controlling the 
budget by monitoring spatial and spec- 
tral changes in the incoming and out- 
going radiation. In particular it would 
monitor the incoming solar UV flux in 
conjunction with the composition of 
the stratosphere and observe interac- 
tions between different atmospheric 
levels and the Earth’s surface 

SEOCs would be put into circular 
orbit at a height of 1,150km and 
57.5° inclination, It would only be able 
to improve on existing measurements 
if it were to interact with geostationary 
satellites, such as Meteostat, to obtain 
information on the diurnal characteris- 
tics of the atmosphere. It would also 
have to interact with polar orbiting 
spacecraft if it were to study the com- 
plete radiation budget. Because the 
usefulness of SEOCs would depend so 
heavily on it interacting with other 
spacecraft, ESA is looking at the pos- 
sibility of building two. 

The cost on completion of one satel- 
lite plus the cost of half an Ariane 
launch is estimated to be at least 85 
mau. However, ESA has not yet 
decided whether to fund climatology 
out of the mandatory science budget or 
as an optional applications programme. 
So SEOCs could be removed from the 
list of candidates for the next scientific 
mission and be funded separately. 


Polar orbiting lunar observatory 
(POLO). In spite of NASA’s Apollo 
and Lunar missions, there are still 
fundamental questions about the Moon 
left unanswered: for example does it 
have a what is its internal tem- 
perature, what is its thermal history, 
and what was the origin of the mag- 
netic field of the carly Moon? Some 
scientists feel these questions would be 
better answered with the aid of an 
orbiting spacecraft than a lander, such 
as Apollo, which is necessarily very 
limited in the area it can observe 

A study is currently being rushed 
through at ESTEC to look at the pos- 
sibility of building POLO very cheaply 
from Geos 3 hardware and launching it 


core, 


on the fourth Ariane test flight at the 
end of 1980. This would mean that 
OLO could be built cheaply and 
quickly. It might even mean that it 
could be funded in addition to one of 


the other options. The possibility of this 
happening, however, has grown more 
remote as estimates have risen 
from a few mau to well above 10 mau 


cost 


The SAC will not have to decide 
which project should follow the one to 
be approved at the end of next year 
until the end of 1980. ESA, however, 


will be sending out a call for mission 
proposals for that decision in the 
middle of next month. No one yet 
knows what that will bring but there ts 
growing pressure from planetary scien- 
tists in Europe for ESA to launch 
spacecraft out of Earth orbit to other 
parts of the solar system. And POLO is 
not the only idea they have for the 
future. They are also considering a 
cometary mission and a mission to the 
asteroids. At a workshop organised by 
ESA earlier this year, European 
tists came out in favour of a dual 
mission to comets Halley and Tempel 2 
The proposal they agreed on was to 
fly-by Halley’s comet during its next 
nearest approach to Earth in 1986 and 
then, following an Earth swing-by, to 
rendezvous with Tempel 2 in 1988 
Both the proposed cometary and as- 
teroid missions would be extremely 
expensive. The cost for the cometary 
mission might be about 500 mau L 


scien- 


Astronomy in the 1980s 
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Astrophysics and geophysics are ESA’s two oldest disciplines. Professor A. P. Willmore, of the 
University of Birmingham’s Space Research Department presents the case for launching 
sophisticated equipment to do high energy astronomy... 


Even more than for most sciences, the last two decades 
in astronomy have been a period of rapid technological 
development for all its branches. The substitution of high 
quantum-efficiency detectors for the photographic plate in 
optical telescopes, the application of large aperture syn- 
thesis telescopes in radio astronomy and the entire histories 
of infra-red, ultra-violet, X-ray and y-ray astronomies are 
contained within the last 20 years. The application of space- 
flight to astronomy, on which the possibility of the newest 
branches of astronomy (only excluding work in the infra- 
red) has depended and which promises some important 
advances in the older branches too, has also occurred during 
this time. 

The last two decades have also been a quite exceptional 
period of discovery whose many results now demand ex- 


ploitation. It is also most unlikely that the phases of tech- ` 


nological development and discovery are yet at an end. Thus 
charting a course for astronomy, especially space astronomy 
which is so costly, will require careful selection from a 
broad spectrum of projects, any of which in less exciting 
times might have seemed suitable to be pursued. 

Space astronomy—-for the obvious reason again of its 
expense—is highly internationalised; most experiments or 
facilities involving international teams with members from 
both sides of the Atlantic. The degree of internationalisation 
exceeds that even in nuclear physics so that a distinctively 
European programme is hard to conceive and it is useful 
only on a world scale to identify the promising paths to 
develop. But several branches of astronomy are alive and 
well in Europe, particularly in the UK, and there is no 
reason to doubt that UK astronomers will be well repre- 
sented in world class astronomy, provided of course that 
funding at a minimum necessary level is available. 

The sensitivity of large optical telescopes has been sub- 
stantially enhanced in recent years by the development of 
photo-electric detectors whose quantum efficiency is far 
higher than that of photographic plates and whose perform- 
ance in other respects is comparable. However, the ability 
of a telescope to detect and resolve objects which are very 
distant and therefore faint and of small angular diameter 
depends also on its effective image quality and on the 
brightness of the night sky. The angular resolution of any 
good, large optical telescope is determined not by diffraction 
or the quality of its construction but by the atmosphere, 
and consequently the Space Telescope, a 2.4m. orbiting 
telescope being built by NASA with ESA as a minor 
partner, will have an effective resolution 10 times and a 
sensitivity 100 times that of the large ground-based tele- 


The Space Telescope can operate over a wide wavelength 
range, and will be an ideal instrument for the study of the 
most distant galaxies which are of course those which are 
observed in the earliest epochs in the Universe, closest to 
the time of the Big Bang, and around the epoch of galaxy 
formation. The measurements of the motions and parallaxes 
(the apparent motions due to the Earth's orbital motion 
about the Sun, on which ultimately all astronomical distance 
scales depend) and of astronomical objects are severely 
limited by atmospheric effects, and either with the Space 
Telescope or with satellites constructed for the purpose, 
improvements of about an order of magnitude should be 
attainable. 


The short history of X-ray astronomy is especially remark-’ 
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able for the profusion of new discoveries, for example the 
close binary sources containing compact stars such as 
neutron stars and—one supposes—black holes, which allow 
properties—the mass, at least—-of the compact star to be 
determined in a number of cases. It is salutary to recognise 
the relative crudity of the techniques which have generally 
been employed in making these observations, which are 
about equivalent to carrying out optical astronomy with 
something between a photographic light meter and a box 
camera. But much technique development has been carried 
out in the last 10 years, and the new techniques are now 
ready to be exploited Later this year the NASA HEAO-B 
satellite should be launched with a medium size grazing 
incidence telescope. This will have an angular resolution 
roughly two orders higher than any previous X-ray instru- 
ment, comparable for the first time with that of an optical 
telescope. The sensitivity too will be far higher than that 
of any previous instrament—indeed it will be much better 
than that of any present X-ray sky survey, which will 
undoubtedly prove some limitation on its use. This tele- 
scope is likely to be able to detect the X-ray emission from 
clusters of galaxies at distances approaching those of the 
most distant quasars, thus providing another means of 
observing the early Universe. Other means of imaging at 
higher X-ray energies have also been developed, and this 
is a whole fleld that is sure to prove productive. 

Recent observations of X-ray spectra, which like the 
spectra of radio sources are dominated by continuum 
emission, have shown the presence of measurable line 
emission in a wide variety of sources. This generally arises 
from highly ionised atoms, usually of Fe. which are present 
in the source, which must be at a high temperature since 
it is an X-ray emitter A high energy feature, however, is 
believed to be cyclotron emission from around a neutron 
star, thus allowing for the first time a direct measurement 
of the large magnetic field (about 10°T) around these 
objects. The diagnostic value of such detailed spectrum 
observations is very high and together with much improved 
observations of the spatial structure of sources this is 
bound to prove an area of important development. 

X-ray observations are. generally considered to extend up 
to the electron-positron annihilation radiation at 512 keV. 


. Observations of the y-ray sky at higher energies are rela- 


tively scanty, depending on the surveys carried out with 
spark chambers on the SAS2 and Cos-B satellites. Whilst 
X-ray- -and optical objects such as the Crab nebula and the 
Vela pulsar are detected at y-ray energies, there is a good 
chance that the typical y-ray source will prove to be qualita- 
tively different from those observed at lower energies and 
promising new observational techniques such as drift 
chambers and double Compton scatter telescopes are now 
in existence. 

In selecting the projects of the future, the obvious criteria 
to use (and one implicitly accepted in the examples already 
cited) will be the extent to which they are likely to con- 
tribute to fundamental topics—elther cosmology, or 
fundamental physics as general relativity or the properties 
of nuclear matter But throughout high energy astronomy, 
better surveys will be vitally important in the next decade, 
and will surely bring to light many new types of astro- 
nomical object. It will be worth remembering that even at 
lower energies, both pulsars and quasars were discovered 
within the last 20 years or so. O 
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Science in the solar system 


... and Dr Alan Johnstone, of the Mullard Space Science Laboratories, poses some of | 
still-unanswered questions about the solar system. | i 


WITHIN the consultative structure of both the European 
Space Agency (ESA) and the UK Science Research Council, 
space science is divided between committees at the boun- 
dary of the solar system. Although this is a neat arrange- 
ment, solar-system science encompasses four almost 
completely distinct scientific fields, requiring different 
observational techniques and theoretical approaches. In this 
article it is not possible to do more than give some idea of 
the vigour of the research and indicate the principal direc- 
tions it is taking. 

Space plasma physics is concerned with the interaction 
between charged particles and magnetic fields. The solar 
wind plasma flowing outward from the Sun forms magneto- 
spheres around the magnetised planets. The magneto- 
spheres contain populations of high temperature plasma 
confined in the magnetic field. 

The particle distributions and the magnetic field configur- 
ation of the Earth’s magnetosphere are now well-known, 
but they are not enough to explain the first order operation 
of the magnetosphere as a plasma machine. The solar wind 
not only forms the magnetosphere; it is also its principal 
energy source. The energy is accumulated in the magnetic 
configuration of the magnetosphere and then released in an 
explosive event called the magnetospheric substorm, whose 
most obvious manifestation is the polar aurora. There are 
many unanswered questions about this process. How is 
the energy of the solar wind coupled into the magneto- 
sphere and. what controls the rate? How is the energy 
stored and what triggers its release? 

The interpretation of satellite observations in such a 
dynamic system is hampered by the ambiguity between time 
variations of the whole system and spatial variations along 
the satellite orbit. The problem can be overcome by deploy- 
ing a number of satellites in carefully coordinated orbits. 
This approach has been taken by the ISEE project which 
has one satellite stationed permanently in the solar wind 
and a pair of satellites moving close together through the 
outer magnetosphere to investigate the interaction between 
the solar wind and the magnetosphere. With the GEOS 
satellite in geostationary orbit they form a powerful com- 
bination to study magnetospheric dynamics. 

Another fruitful approach is the comparison of solar 
system magnetospheres. Each one is dominated by a dif- 
ferent effect: Jupiter by its rapid rotation; Mercury by the 
greater solar wind strength near the sun; and Mars by its 
atmosphere. The Earth’s magnetosphere contains the ele- 
ments in a dynamic balance. There will be an increase in 
the use of the plasma in the magnetosphere for plasma 
physics experiments, especially from Spacelab. The advan- 
tages include stable, fully ionised plasma, with no walls to 
influence the experiment. 

The second field is the study of planetary atmospheres. 
There are now routine observations of the Earth’s lower 
atmosphere for meteorological purposes; and there have 
been continuing investigations in the upper atmosphere 
in the regions accessible to satellites. But there have been 
relatively few observations of the stratosphere and meso- 
sphere in between. A major thrust of atmospheric research 
is now being directed at the atmosphere between 10 km 
and 100 km through the international Middle Atmosphere 
Programme. Our ignorance of this part of the atmosphere 
became apparent when questions were raised about the in- 
fluence of various pollutants—such as Freon from aerosol 
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UV to X-ray which do not penetrat thë atmos- 
phere. Their next major project is NASA's Solar Maximum 
Mission, with 2 European instruments, which is designed 


to study solar flares during the next maximum of sunspot 
activity. | 

The scientific problems are similar te those of magneto- 
spheric substorms. Energy is stored in the magnetic field 
of Sunspots and then suddenly released in the acceleration 
of charged particles. Similar questions need answering: 
how is the flare triggered, and how is the energy transferred 
to the particles? Since both flares and substorms seem to 
belong to the same class of plasma processes, any advance 
in one could assist the other and could also be relevant to 
other astrophysical and laboratory plasmas. 

A second mission, the joint ESA/NASA Solar Polar 
Probe is going to look at the Sun from a different angle 
and study the three-dimensional structure of the solar wind. 
Two spacecraft will use the gravitational field of Jupiter to 
swing into heliocentric orbits normal to the ecliptic plane 
taking them over the north and south poles of the Sun 
respectively. 

Finally, the field which has given some of the most 
spectacular results is the exploration of the planets them- 
selves. US spacecraft are now en-route to Venus, Jupiter, 
Saturn and Uranus. So far the only European involvement 
has been by individual scientists but there are projects being 
discussed now which will be open fer possible European 
participation. 

I began by suggesting that the four disciplines within solar 
system science were grouped together just for administra- 
tive convenience. It is true that so far there has been 
little interaction from them. That may be because the links 
which must exist have not been fully recognised, but there 
is an extremely important unifying theme. Each field is 
concerned with one aspect of the physical environment 
which makes life possible here on Earth. Why has life 
developed here and apparently not on the other planets? 
Is there an important balance which we could unwittingly 
upset? The tremendous progress that has been made to- 
wards understanding all aspects of the origin and evolution 
of the solar system in the twenty years of research in space 
science, and the simultaneous realisation that human activi- 
ties can have damaging effects on a global scale makes it 
clear that it is a field of research that we ignore at our 
peril. F] 
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Insect molecular biology on ‘Crete 


from Walter J. Gehring 


Tars summer biologists working on the 
molecular and genetic aspects of insect 


development converged on the island 


of Crete for an EMBO workshop held 
at Kolymbari followed by an inter- 
national conference organised by the 
Hellenic Society for Biological Sciences 
in Heraklion. Crete was chosen because 
a new Univ is being established 
there and to provide a stimulus to 
Greek blology. The meetings had a 
very special ambiance which in part 
was created by the places at which the 
discussions were being held, which 
ranged from an ancient church and a 
Venetian fortress, to a night club and 
the beach. In the friendly atmosphere 
generated by our Greek hosts, the open 
exchange of information proved profit- 
able for all the participants 

From the vast amount of new in- 
formation presented in Crete only a 
few highlights can be mentioned. 


Structural and functional organisation 
of the genome 

The structural and functional orga- 
nisation of the genome was the centre 
of discussion for much of the time. 
Among the unique genes, the silk 
fibroin gene has been cloned in bac- 
terial plasmids (Y. Suzuki, Carnegie In- 
stitution, Washington) and analysed in 
detail, especially near the 5’ end of the 
coding region, where one might expect 
the regulatory signals for transcription 
and processing of the fibroin messenger 
RNA. The 5’ end of the gene was 
determined by hybridisation to mRNA 
which was specifically labelled at the 
5’ end, in the cap structure. The flank- 
ing sequences in front of the gene are 
AT-rich and contain sequences com- 
plementary to the 3’ end of 18 
ribosomal RNA. Like many other 
eukaryotic genes, the fibroin gene also 
comains a large intervening sequence 
some 1 300 nucleotides long, which is 
not present in the mature mRNA. 
Interestingly enough, the DNA sequen- 
ces at the junction between the coding 
‘and intervening sequences are very 
similar in the mouse §-globin, mouse 


immunoglobulin gene and the silkworm 


Walter J. Gehring is Professor in the 
Department, of Cell Biology at the Bio- 
zentrim, University of Basel. 
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fibroin gene, which suggests that the 
enzymes involved in splicing the 
mRNA have conserved their specificity 
in the course of evolution. The notion 
that fibroin is coded for by a single 
gene is supported by recent genetic 
evidence (K. Sprague, Oregon). Genetic 


‘variants have been found which differ ` 


in the molecular weight of the fibroin. 
These variants show normal Mendelian 
inheritance as expected for a single 
gene, with codominant expression in 
heterozygotes. Since the protein and 
presumably also the gene sequence is 
internally repetitious, these variants in 
chain length are thought to be due to 
unequal crossing over. 

Several research groups are focusing 
on the heat shock genes in Drosophila. 
Drosophila cells respond to a brief heat 
treatment by activating a small group 
of approximately nine gene loci which 
is reflected in the giant chromosomes 
by the appearance of specific heat 
shock puffs. These puffs are sites of 
intense RNA synthesis and accumula- 
tion of RNA polymerase. Under heat 


shock conditions transcription and 


translation of the remainder of the 
genome is reversibly turned off. Pre- 
existing polysomes disintegrate, a new 
population of polysomes carrying the 
newly synthesised heat shock mRNA 


appears in the cytoplasm, and a set 


of about eight heat shock polypeptides 
is synthesised. Obviously, regulation 


„occurs both at the transcriptional and 


the translational level This system has 


considerable potential for studying the 


coordinate control of a small group of 
genes. Several heat shock genes have 
been cloned. In particular, the genes 
coding for the major heat shock poly- 
peptide of 70,000 daltons have been 
analysed. Both the analysis of deletions 
for the major heat shock puffs and 
evidence from in situ brybridisation 
with cloned DNA indicates that several 
genes coding for this polypeptide are 
located at two chromosomal loci, 87A 
and 87C, where the two major heat 
shock puffs are located. The restriction 
maps of the coding sequences at 87A 
and 87C are similar but not identical. 
The flanking sequences are very 
different. Heteroduplex mapping and 
cross hybridisation studies between the 


sequences at 87A and 87C indicate 
homology of the coding regions and 
of two small regions apparently outside 
the coding sequences, near the 5’ end 
of the genes. These sequences . are 
obvious candidates for carrying 
regulatory signals. 

The histone genes of Drosophila 
represent a tandemly repeated gene 
family (D. Hogness, J. Kemp, Stanford). 
The repeated element contains five 
histone genes in the order 


H3 H4 H2A H2B Hi, 
-> e o e 


where the underlining arrows indicate 
the direction of transcription of 
cach gene. Such a cluster of five genes 
is seperated from the next cluster by 
an AT-rich spacer of 1,200 base pairs, 
the entire element occupying five 
kilobase pairs. There are approximately 
100 repeated elements which, however, 
do not form a single array, but are 
instead distributed .among several 
arrays, separated by larger array 
spacers. Since the histone genes are 
present in several adjacent bands in the 
giant chromosomes, the subdivision 
into arrays may possibly reflect the 
band-interband organisation. The re- 
peated element containing the five 
histone genes has been almost com- 
pletely sequenced. Of particular in- 
terest are the short regions between 
the coding sequences for H2A and 


2B, and between H3 and H4 The 


intergenic sequence between H2A and 
H2B spans 220 base pairs and contains 
a sequence of eleven base pairs which 
is present twice in opposite polarity. 
This sequence may be a promoter se- 
quence, or part of a promoter. 
Another gene family which has been 
studied extensively is that which codes 
for the chorion (eggshell) proteins of 
silkmoths (F. Kafatos, Harvard and 
Athens). In Antheraea polyphemus 
there, are approximately 100 different 
chorion proteins synthesised and 
secreted by the follicle cells surround- 
ing the oocyte in a 2-day period during 
egg developmem. Each protem is pro- 
duced during a defined time interval 
in vivo and also in organ culture, 
indicating that the expression of the 
chorion structural genes is strictly regu- 
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lated according to a developmental 
program. The proteins can be divided 
into a few groups A to E. The proteins 
within each group share homologous 
amino acid sequences, but differ from 
each other by amino acid replace- 
ments, deletions or insertions. The 
difficulty of purifying individual 
mRNAs was overcome by constructing 
DNA sequences complementary to 
the mRNA mixture and cloning 
a pool of hybrid plasmids containing 
cDNA plasmids for individual mess- 
ages. Sequencing of some of the cDNA 
clones revealed previously unsuspected 
homologies between limited regions of 
proteins from group A and B. The 
sequence data suggest that blocks of 
DNA sequences may be rearranged be- 
tween genes in the course of evolution. 
The arrangement of these genes in the 
chromosomes is not known, but genetic 
data in the silkmoth Bombyx mori 
indicate that the genes for all four 
classes are located on the second 
chromosome and probably are 
clustered (M. R. Goldsmith, University 
of California, Irvine). The transcription 
of these genes is being analysed by 
hybridisation of in vivo synthesised 
RNA to cloned cDNAs using a newly 
developed spotting procedure. 


Transposable genes 
Among the most intriguing genes are 
the dispersed repetitive gene families 
such as copla and 412 in Drosophila 
(D. Hogness, M. Young, Stanford). The 
412 and copia elements are approxi- 
mately 7.2 and 5.2 kb in length, 
respectively, and are found at 20 to 40 
different chromosomal sites. The ad- 
jacent sequences are different at the 
different chromosomal locations. These 
sequence elements are homologous to 
abundant poly (A}containing cytoplas- 
mic RNAs. A curious feature of both 
families is that the elements are flanked 
by direct repeats of 0.5 and 0.3 kb re- 
spectively. The function of these flank- 
ing repeats is not known but by analogy 
with bacterial systems, one can specul- 
ate that these elements are translocated 
to different positions in the chromo- 
somes by reciprocal recombination 
events which involve the repeated 
termini. This hypothesis can be tested 
in a case in which a copia element 
occurs within one unit of a tandemly 
repeated sequence, by comparing the 
sequence of the unit with and without 
the copia element. Prelimmary evidence 
obtained by restriction mapping is 
consistent with the model Evidence 
for transpositions of these elements at 
least on an evolutionary time scale 
comes from the observation that two 
wild-type strains differ with respect to 
the chromosomal ‘location of these 
elements. 

From genetic experiments, ‘jumping 
genes’ have been known for some time 
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RNA processing 
from Andrew Travers 


THE excision of intervening nucleo- 
tide sequences during the production 
of eukaryotic mRNA and tRNA 
molecules has recently highlighted 
the biological importance of post- 
transcriptional processing. This exci- 
sion together with postulated sub- 
sequent ligation often involves the 
removal of an RNA sequence at least 
several hundred nucleotides long. 
How do the processing enzymes 
achieve the exquisite accuracy that 
is a prerequisite for the maintenance 
of the continued function of the 
mature RNA molecules? One possi- 
ble prokaryotic solution to this 
problem has recently emerged from 
the studies of Young and Steitz on 
the production of the 168 rRNA 
(Proc natn. Acad. Sci. U.S.A. 75, 
3593; 1978). This rRNA 1s cotran- 
scribed with the sequences for the 
23S and 5S rRNA and is generated 
by RNase DI cleavage of the pre- 
cursor followed by secondary trim- 
ming. The RNase III cleavage sites 
are contained in the sequences 
flanking the 16S rRNA gene. By 
determining the DNA sequences of 
these regions Young and Steitz have 
discovered that the proximal and 
distal sequences are potentially cap- 
able of hybridising with each other 
to form a stem consisting of 26 base 
pairs. The individual strands of this 
stem are of course separated by a 
loop of about 1,700 nucleotides con- 
taining the entire 16S rRNA gene. 
The biological importance of such 
a structure is given credence by the 
observation that both proximal, and 
distal RNase HI cuts are contained 
within the  base-paired region. 
Further, RNase IH may require a 
double helical region of at least 9 
base pairs both 5’ and 3’ to the point 
of scission, a structure which is 
lacking in the immediate neighbour- 
hoods of the scission sites. Thus the 
most probable interpretation is that 
a site for RNA processing can be 
generated by the interaction of 
distantly spaced complementary 
RNA sequences. The authors suggest 
that an analogous process may 
operate during the production of 


in Drosophila. For example, several 
transposable elements carrying the 
white locus have been described. White 
was the first mutant to be found in 
Drosophila and ‘traditionally’ it maps 
on the X chromosome. However, fly 
stocks have been found in which the 
white locus is transposed to different 
chromosomal sites and transpositions 
are observed in these laboratory stocks. 
At the mectings, the isolation of a 


eukaryotic mesenger RNAs 

Cleavage by RNas= IN does not by 
itself generate the normal 16S rRNA 
sequence, yielding only a 17S pre- 
cursor. For prodiction of the 
mature 16S RNA two or more 
additional processing enzymes are 
required. One recen: addition to the 
family is the endcnuclease RNase 
M16 which cleaves the 16S precursor 
immediately proximal to the normal 
5’ end of the 16S RNA molecule 
(Dahlberg et al. Proc. natn. Acad. 
Sci. U.S.A. 75, 3598; 1978), while 
yet another enzyme is apparently 
required for the p-oduction of the 
mature 3’ end (Hayes & Vasseur, 
Eur. J. Biochem. el, 443; 1976). 

A further quirk in the enzymology 
of RNA processing is provided by 
the discovery that RNase P, first 
detected as the act.vity required for 
the production of su'tmtRNA 
(Altman & Smith Vature new Biol. 
233, 35, 1971) ccntains a specific 
RNA moiety 350 nucleotides iong 
in addition to the expected protein 
(Stark et al. Proc. natn. Acad. Sci. 
U.S.A. 75, 3717; 1978). As normally 
purified this highix unusual enzyme 
contains about 80% RNA by mass. 
Furthermore the RNA component 
seems to be essential for nuclease 
activity. This requirement for the 
RNA molecule could be trivial. For 
example, it migkt be needed to 
stabilise an active conformation of 
the protein component Alternatively 
the authors suggest the biologically 
more interesting possibility that the 
RNA molecule mey itself participate 
in the recognition of the RNase P 
cleavage site by a mechanism in- 
volving direct ENA~RNA inter- 
action. Implicit mm such a model 
is of course the potential for varying 
the substrate specificity of the enzyme 
by simply changirg the sequence of 
the RNA moiety Again, if this 
enzyme is of uriversal occurrence 
such a capability night have import- 
ant implications ir the production of 
eukaryotic RNA species. 


Andrew Travers ts 3t the MRC Labora- 
tory of Molecular Biology, Cambridge. 


hybrid plasmid containing comple- 
mentary sequences to such a transpos- 
able element was reported (W. Gehring, 
Biozentrum, Base.) The element car- 
ries both the wh.te-apricor allele and 
the neighbouring roughest gene. This 
plasmid is obviously of great interest 
for the study of transposable elements 
in Drosophila. It may also provide a 
general tool for tie isolation of genes 
with no known Hochemical function. 
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Since the transposable element causes 
mutations by inserting into genes, the 
flanking gene sequences can be isolated 
by using the hybrid plasmid comple- 
mentary to the transposable element as 
a probe. Alternative methods for gene 
isolation in general were discussed, in 
particular the possibility of starting 
from a DNA sequence which maps 
close to the gene to be isolated and 
‘marching’ along the chromosome by 
isolating overlapping DNA sequences 
(S. Artavanis-Tsakonas & Hogness, 
Stanford). The present rate of 15 kb 
per month may be accelerated by using 
vectors which can accommodate very 
large inserts of donor DNA. 


Polytene chromosomes 

The structure and function of polytene 
chromosomes remains a controversial 
field to which the recent studies, using 
fluorescent antibodies to localise RNA 
polymerases and other chromosomal 
proteins, have added a new dimension. 
Classical genetic studies indicate a 
strong correlation between genes and 
bands, but the analysis is more or less 
confined to unique essential genes and 
it is difficult to estimate what fraction 
of the genes escapes detection in these 
genetic tests. In contrast to the 
hypothesis that the boundary between 
bands and imterbands in the giant 
chromosomes is defined by specific 
DNA sequences, a more dynamic 
model has been proposed on the basis 
of fluorescent antibody studies (E. 
Bautz, Heidelberg). This model assumes 
that puffs and interbands represent the 
actively transcribed fraction of the 
genome which varies with the stage of 
development and between tissues. The 
well-founded hypothesis that puffs are 
activated genes has obtained further 
support by the elegant demonstration 
of active units of transcription in 
Balbiani Ring 2 of Chironomus by the 
Miller spreading technique and electron 
microscopy (B. Dancholt, Karolinska 
Institute, Stockholm). It appears that 
there is only one active DNA sequence 
of 37 kb being transcribed in a chro- 
momere which, on the basis of micro- 
spectrophotometry, contains as much 
as 470 kb. m 


Endocrinology 

Insect endocrinology has also received 
a new impetus. A plant ecdysone, 
ponasterone A, has been found with 
about 50 times the activity of the insect 
hormone f-ecdysone. Its biological 
action seems to be identical to that 
of the natural moulting hormone. 
Because ponasterone A can be labelled 
to high specific activity by catalytic 
tritiation of an unsaturated precursor, 
stachysterone C, it can be used to 
identify putative ecdysone receptors, 
which so far has not been possible 
(M.-A. Yund, Berkeley). Data from 
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several laboratories indicate binding 
constants of the order of 10° to 10° M. 
A similar binding constant has been 
reported for a juvenile hormone re- 
ceptor. Moulting hormones have now 
been discovered in the ovaries of 
several insects and intermediates in the 
biosynthesis of ecdysone are being 
isolated and characterised (J. Hoff- 
mann, Strasbourg). The peaks of 
ecdysone concentration coincide with 
the time of secretion of the egg shell 
during oogenesis, and with the time of 
cuticle formation during embryogene- 
sis. Vitellin, the major yolk protein, 
seems to be under hormonal control 
by juvenile hormone in most insects 
with the exception of mosquitoes and 
possibly other diptera, where ecdysone 
seems to take over this role. In locusts, 
vitellin is a glycolipoprotein of 550,000 
daltons which is derived from a pre- 
cursor, vitellogenin, that is synthesised 
in the fat body (G. Wyatt, Kingston, 
Ontario). In vitro studies indicate that 
initially two polypeptides of 265,000 
and 250,000 daltons are synthesised 
which may represent products from 
two different genes. The labelled pre- 
cursor can be chased progressively into 
a group of smaller polypeptides of 
140,000 to 52,000 daltons, Vitellogenin 
synthesis is induced by juvenile 
hormone, secreted by the fat body and 
transported to the oocytes, which 
makes the system analogous to 
vitellogenin synthesis in vertebrates. 
Since methods are now available for 
the isolation of hormone-inducible 
genes and several ecdysone-inducible 
genes have already been isolated in 
Drosophila (Kemp & Hogness, Stan- 
ford), one can expect rapid progress 
in this area. 

In the area of insect cell culture 
there has also been considerable pro- 
gress. Drosophila cell lines have now 
been established from several mutant 
strains (H. P. Bernhard, Biozentrum 
Basel), and successful cell fusion has 
been announced (C. Wyss, ETH 
Zurich). Perhaps the most important 
recent contribution has been the 
establishment of a mutant cell line 
with the haploid chromosome number 
(G. Echalier, Paris). | 

Although there has been an exten- 
sive search for regulatory mutants, 


_ Drosophila geneticists have so far 


failed to provide conclusive evidence 
for the existence of regulatory elements 
controlling the activity of structural 
genes in development. It may be that 
our ideas have been too greatly in- 
fluenced by models developed for 
prokaryotic systems. Interesting new 
results on genes controlling compart- 
ment formation in imaginal disks (T. 
Kornberg, University of California, Los 
Angeles; P. Lawrence, MRC Labor- 
atory of Molecular Biology, Cambridge) 
and mutants interfering with sex de- 
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termination were presented (R. N6thi- 
ger, Zurich). If such genes can be 
isolated by molecular cloning tech- 
niques, it may become possible in the 
future to unravel controlling mech- 
anisms operating at these higher levels. 

The workshop and the conference 
were among the best meetings that I 
have attended, especially in promoting 
the dialogue between scientists working 
in related fields, and our Greek hosts 
merit special thanks for providing an 
ideal setting which made these meetings 
so pleasant. Cj 


Ice dynamics 


from a Correspondent 


Is man’s effect on world climate likely 
to precipitate a catastrophic rise in 
world sea level as suggested by Mercer 
(Nature 271, 32; 1978) and is a major 
surge of the Antarctic ice sheet still 
considered possible by glaciologists? 
These and other questions were dis- 
cussed during the recent International 
Glaciological Society’s Symposium* on 
‘The dynamics of large ice masses’ at 
Carleton University, Ottawa. Thanks 
to the associated ‘Symposium on 
glacier beds: the ice-rock interface’ 
organised under the National Research 
Council of Canada at the same location 
during the preceding week, there were 
many healthy exchanges between 
glacial geologists who had studied the 
effect of ice dynamics in the past, 
glaciologists studying present day 
glaciers and ice sheets and an increasing 
number of glaciological modellers. Most 
participants benefitted from attending 
both symposia, a happy juxtaposition 
of meetings since the glacier bed is the 
inadequately understood base of glacier 
dynamics in more ways than one. 

It is apparent that while our under- 
standing of the internal deformation of 
ice sheets is advancing along satisfac- 
tory lines, our knowledge of how much 
sliding takes place at the glacier bed, 
how much it is controlled by rock 
debris in basal ice, by basal water 
pressures and by pressure melting and 
regelation are still far from adequate. 
Until this is cleared up, modellers will 
lack guidance on how to treat the base 
of the ice sheets of Greenland and 
Antarctica. In this connection, long 
awaited reports on the debris-laden ice 
cores from the base of the ice sheets 
at Camp Century, Greenland and Byrd 
Station, Antarctica were of special 
interest. 

A. J. Gow and W. Sheeby (US 
Army’s Cold Region Research and En- 
gineering Laboratory. Hanover, New 
Hampshire) and S. Epstein (Caltech) 
showed that the lowest 4.83m of the 
core from Byrd Station contrasted with 
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ico immediately above through its very 
low content of dissolved air, the 
presence of rock particles ranging from 
clay size through sand to pebbles and 
cobbles, and in its oxygen isotopic com- 
position. The latter was around 4°/c0 
lower in 8“O values in the basal ice, 
and more variable than in the ice 
above. Thus when one allows for 
fractionation effects it seems that the 
basal ice that was formed by refreezing 
of the melt water was of fairly local 
origin, but it is not clear whether freez- 
ing took place in a single period or was 
episodic. Melt water was present 
beneath the ice when the base was 
reached in 1968. 

Whereas debris weight percentages 
of up to 15.7% were present in the 
basal ice from Byrd Station, Susan 
Heron and C. C. Langway (Buffalo 
University) found an average debris 
concentration of only 0.24% in 
the bottom 15.7m of the 1966 core 
from Camp Century. This contained 
over 300 alternating bands of clear and 
debris-laden ice. Although the basal 
ice temperature is now —13 °C, they 
conclude that the debris was incor- 
porated by freezing of subglacial water 
over a basal till There was only one 
pebble in the Camp Century ice, the 
remaining fine debris being either dis- 
tributed throughout the dirty ice layers 
or included in the form of pebble-sized 
aggregates of fine particles picked up 
from the basal till. In contrast to the 
Byrd core, the gas concentration in 
the basal ice at Camp Century was 
about half that at higher levels. The 
gas showed traces of methane, high 
CO, levels, low O, levels and enrich- 
ment of argon. It was suggested that 
although air may have been excluded 
during freezing, its composition indi- 
cated subsequent diffusion into the 
basal ice. 

As with glacier beds, the main ad- 
vances in our understanding of the 
dynamics of the Antarctic ice sheet 
are coming from field measurements 
often involving new techniques. Radio 
echo mapping from long range aircraft, 
satellite altimetry and Doppler position 
fixing as well as more conventional 
survey methods are providing much 
better knowledge of the form and flow 
of the polar ice sheets than seemed 
possible a few years ago. N. Young 
(Melbourne University, Australia) who 
took part in Soviet traverses over 
the east Antarctic ice sheet during the 
past two summers found that ice vel- 
ocities measured by satellite Doppler 
techniques agreed with calculated bal- 
ance velocities within an accuracy of 
20% in a region of around one million 
km’ between Mirny Station and Dome 
‘C’. Other reports indicate that areas 
feeding the Lambert and Shiraze 
Glaciers may not be in balance, while 
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evidence discussed by K. Rose of the 
Scott Polar Research Institute sug- 
gested that an ice stream feeding the 
Ross Ice Shelf from Byrd Land may 
have surged in the not too distant past. 
The general consensus appeared to be 
that while surges of individual glacier 
basins in Antarctica might occur, the 
idea of a single massive surge of 10 to 
20% of the total ice mass of Antarctica 
as a cause of ice ages (Wilson 
Nature 201, 147; 1964) was losing 
ground. 

Laboratory studies on ice cores from 
Law Dome by D. S. Russell-Head and 
W. F. Budd (Antarctic Division, Depart- 
ment of Science, Melbourne) showed 
that flow (shear strain) rates in ice 
with strongly aligned C axes were 
typically three to five times faster than 
in randomly-oriented polycrystalline 
ice, whereas crystal size had little effect 
on flow rates These results matched 
well with measurements of borehole 
inclination from the same locality. It 
is becoming clear that the variation of 
horizontal ice velocity with depth is 
more complex than expected and that 
the accuracy of age-depth relationships 
in ice cores based on ice flow models 
is limited by these factors. 

The above did not, however, deter 
the modellers who use computer simu- 
lations to increase our understanding. 
Of these, a catastrophy model of the 
palacoclimate by D. R  MacAyeal 
(University of Maine, Orono) that 
considered changes of insolation, sea 
level and isostatic depression of the 
glacier bed helped to explain the sud- 
den transitions between ice-free and 
ice age conditions. 

In addition to ice sheets, floating ice 
shelves and sea ice were discussed in 
half day sessions. Towed side scan 
sonar records from a ship obtained by 
O. Orheim of Norsk Polarinstitutt 
showed both basal scour of the sea 
bed by icebergs and a fascinating 
pattern of irregular melting at a depth 
of 100 to 200m beneath straight cliffs 
of the ice front. Discussions of the 
mechanical and thermal stability of ice 
shelves and marine ice sheets indicate 
that before any sudden climatic warm- 
ing would release the ice sheet of West 
Antarctica and affect sea level there 
would be a delay of some hundreds 
of years. After this, considerable pro- 
gress in modelling of Arctic pack ice 
seemed relatively mundane, if no less 
important climatologically. 

Overall, it is becoming clear that to 
advance from a few elementary but 
over-simplified concepts of glacier be- 
haviour to a detailed understanding 
of the dynamics of ice sheets involves 
more complex investigations than was 
commonly realised a decade ago, but 
much progress is being made. This is 
significant since hydroelectric projects 
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and the development of Arctic oil in- 
volves judgement on glactological 
matters that are of major importance 
to industry. 


New magnetic 
Structures in the light 
rare earth metals 


from S. B. Palmer 


RECENT weeks have seen two significant 
developments that have cast new Light 
on the magnetic behaviour of the rare 
earth elements, praseodymium and 
neodymium. At room temperature both 
elements are paramagnetic with 
localised magnetic moments produced 
by the electrons in the partially filled 
4f shell. In the majority of the rare 
earth metals the exchange interaction 
is sufficiently strong to produce 
Magnetic order at low temperatures 
although the oscillatory, long range 
nature of the exchange interactions 
results, in many cases, in complicated 
modulated magnetic structures. Each 
magnetic ion also experiences an elec- 
trostatic field with the symmetry of the 
crystal lattice: this crystal fleld inter- 
action opposes the exchange by 
favouring a uniform arrangement of 
the moments. For both neodymium 
and praseodymium the crystal field and 
exchange energies are comparable, but 
in neodymium the exchange energy is 
sufficiently strong to produce magnetic 
ordering below 20 K. 

The magnetic structure of neody- 
mium has been a mystery since the 
initial neutron diffraction measure- 
ments of Moon eż al. (J appl. Phys. 
33, 1041; 1964) carried out at Oak 
Ridge. The double hexagonal close 
packed (dhcp) structure has two 
separate sublattices, one with cubic and 
the other with hexagonal symmetry 
Moon proposed that at 20 K the ions on 
the hexagonal sites ordered anti 
ferromagnetically These sites form 
planes lying perpendicular to the 
hexagonal axis and in a particular 
basal plane the magnetic moments, 
according to Moon et al., are confined 
to the plane and oriented along the 
crystallographic 6 direction The 
moments are sinusoidally modulated 
with the q vector of the modulation 
in an a direction, at 90° to the 
moments. 

This model, however, was inadequate 
to explain all the features of both 
Moon ef ai.’s results and the more 
recent work of Lebech and Rainford 
(J. Physique 32, 370; 1971; Proc. Int. 
Conf. Mag. Moscow 3, 191; 1974.) A 


S. B. Palmer is in the Department of 
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better fit to the experimental data 
could be obtained if it was assumed 
that the cooperative order on the 
hexagonal sites induced magnetic 
order on the cubic sites although the 
results were still far from satisfactory. 

The report by Bak and Lebech 
(Phys. Rev. Lett. 40, 800; 1978), of a 
magnetic structure that fits all the 
experimental results brings relief to 
many solid state physicists who have 
spent long hours attempting to unravel 
the neodymium puzzle. The novel 
magnetic structure of the hexagonal 
sites is shown for one basal plane in 
Fig. 1 where the magnetic moments are 
modulated in the three equivalent ‘a’ 
directions simultaneously, hence the 
name of ‘triple-q’ modulated magnetic 
structure. The work of Bak and Lebech 
in Denmark involved experimental 
proof that the magnetic phase change 
at 20 K was of second order, hence 
allowing Landau symmetry arguments 
to be used with renormalisation group 
theory to predict that the three different 
equivalent q vectors are present 
simultaneously rather than contained 
in separate domains as in the structure 
of Moon et al. 

Associated with the magnetic struc- 
ture shown in Fig. 1 are lattice distor- 
tions that are identical in form except 
for a phase difference of 90°. Initial 
estimates indicate that these distortions 
may v ll be of the order of a few 
percent and as such should be detect- 
able by X-ray scattering studies. 

Measurements of specific heat, 
elastic constants, magnetoresistance 
and neutron diffraction have all 
revealed a multitude of phase changes 
as a function of applied field in the 
temperature range 1-20 K. The exten- 
sion of Bak and Lebech’s model to 
high fields is eagerly awaited. 

In contrast to neodymium, praseody- 
_ mium is fascinating, not for the order it 
exhibits, but for the magnetic order it 
nearly exhibits. Experiments on single 
crystal praseodymium demonstrate 
that it remains paramagnetic down 
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to 30 mK: the exchange is about 90% 
of the critical value for magnetic order- 
ing. In contrast polycrystalline praseo- 
dymium, highly strained because of 
anisotropic thermal contraction, orders 
antiferromagnetically at 25 K. The 
addition of 3% neodymium to single 
crystal praseodymium produces order 
below 6 K. Because of the large orbital 
angular momentum of the Pr ions, 
there is a powerful coupling between 
the lattice and spin systems. Jensen’s 
analysis (J. Phys. C 9, 111; 1976) of 
this magnetoelastic coupling led him to 
predict that, at 4.2 K, a relatively 
modest pressure of 1,000 bar applied 
along the crystallographic a direction 
would, by distorting the basal plane, 
change the delicate balance between 
exchange, crystal field and magneto- 
elastic energies and induce magnetic 
ordering. In a recent investigation of 


these predictions McEwen et al. (Phys. 


Rev. Lett. 41, 343; 1978) have carried 
out (at the Institut Laue-Langevin, 
Grenoble) a series of careful neutron 
inelastic scattering studies of praseody- 
mium as a function of uniaxial stress 
applied along the a axis. They found 
that as the stress was increased the 


Sun-weather effects 


from Roger H. Olson 


Most of the papers presented at a 
recent conference on Solar-Terrestrial 
Influences on Weather and Climate” 
reflected the fact that Sun-weather re- 
search is still pretty much in the 
empirical stage. There is even disagree- 
ment on the details of many of the 
empirical findings. For many years the 
conventional wisdom has held that 
Sun-weather effects were stronger in 
winter than in summer, and stronger 
in the auroral zone than in low lati- 
tudes. However, this may be just a 
refiection of the fact that changes are 
more dramatic in high latitudes and 
in winter, and empirical studies tend 
to focus on the more dramatic effects. 
As far back as 1965, H. C. Willett of 
the Massachusetts Institute of Tech- 
nology pointed out that, when properly 
normalised, the weather data show 
stronger responses to solar signals in 
summer and in low latitudes. Although 
there is still conflicting evidence, 
Willett’s ideas received strong support 
from several investigators. There was 
also support for the idea that the 
X—ultraviolet portion of the solar 
spectrum may be more important than 
the particle emission, that is, solar 
proton events. 


* The first Ohio State University Sun-Weather 
Conference was held on the campus of the 
University from 24-28 July, 1978. The conference 
was organised and chaired by T. A. Seliga, Ohio 
State University, and B. M. McCormac, Lockheed 
Palo Alto Research Laboratory. It is hoped that 
this type of conference can be repeated every two 
to three years. 
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lowest energy magnetic excitation 
dramatically decreased, heralding the 
antiferromagnetic order which was 
established at 800 bar. The presence of 
the ordered phase was confirmed by 
the observation of elastic satellite re- 
fiections corresponding to a long-range 
Magnetic structure. At 800 bar the 
Néel temperature was 7.4+0.4K. On 
removal of the stress the magnetic 
satellites were absent and the exciton 
dispersion curve was identical to that 
of previous workers and to the curve 
obtained before stressing took place. 
Both these results indicate that there 
was no residual stress left in the sample 
and the process was completely elastic. 

The magnetic structure postulated 
by McEwen er al. is a basal plane 
modulated structure, identical to that 
of Pr - 3% Nd and reminiscent of the 
neodymium structure discussed above. 
Jensen’s elegant theories, which have 
already led to quantitatively accurate 
explanations of neutron inelastic 
scattering studies of exciton phonon 
coupling, field dependence of elastic 
constants and magnetostriction, seem 
to have been vindicated again. 


As for low energy solar particles, the 
so-called auroral particles, there was 
relatively little discussion of geo- 
magnetic—weather effects. One possible 
reason is that in using geomagnetic 
data there is the danger that a small 
part of the geomagnetic signal could 
be caused by a weather disturbance. 
Although this danger is rather slight, 
many investigators prefer to use solar 
signals that are unmistakably solar, 
such as solar flares and plages, sun- 
spots, and magnetic sector boundaries. 
One particular class of geomagnetic 
disturbances did receive special atten- 
tion, however-—the Forbush decrease 
events. In a Forbush decrease, the 
magnetic disturbance causes a decrease 
in cosmic ray flux throughout the 
whole depth of the atmosphere, includ- 
ing the surface layers. Thus, in seeking 
mechanisms to explain the various 
Sun-weather effects observed, the For- 
bush decrease is becoming more and 
more interesting. 

One theme that ran through the con- 
ference was the importance of Sun- 
weather effects in weather forecasting. 
In 1977 M. F. Larsen and P. M. Kelley 
of Cornell University found that the 
accuracy of US weather forecasts took 
a dip one day after solar sector 
boundary crossings. Following their 
lead, R. Reiter (Institute for Atmos- 
pheric Environmental Research of the 
Fraunhofer Society, FRG) reported 
that German forecasts suffered a 
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similar fate, J. W. King (Appleton 
Laboratory, UK) reported similar find- 
ings for British forecasts, All these 
results cover relatively short time 
spans and limited geographical areas, 
and thus should be treated as tentative, 
but highly suggestive. 

. There was a healthy degree of 
skepticism expressed by several 
speakers. W. O. Roberts (Aspen 
Institute for Humanistic Studies, 
Boulder) stressed that, in spite of the 
virtual certainty that Sun-weather 
relationships exist, we desperately need 
rigorous theoretical studies and models 
to explain them. J. Namias (Scripps 
Institution of Oceanography, La 
Jolla) chose to focus on one meteor- 
ological parameter, namely drought. 
He stressed the importance of under- 
standing the full implications of the 
physical causes of droughts in attempt- 
ing to correlate drought with solar 
activity. Interestingly enough, although 
drought is typically associated with 
anticyclones, he felt that the best place 
to look for Sun-weather influences is in 
cyclonic activity. His attitude is per- 
haps typical of many highly skilled and 
experrenced meteorologists—namely 
that Sun-weather research, in spite of 
its long and frustrating history, 
deserves careful scrutiny. The chief 
skeptic by far, was A. B. Pittock, 
temporarily of the University of 
Arizona. He cast strong doubts on 
many published reports of correlations 
between weather and the various solar 
cycles (such as 27 days, 11 years and 
22 years). The 27-day cycke was also 
attacked by others, who pointed out 
that it is difficult to distinguish between 
27-day solar and lunar effects, Pittock 
bad little quarrel with some of the 
short-term correlations which have 
been reported recently. 

As regards mechanisms, the cup 
board is not entirely bare Perhaps the 
most popular was the thunderstorm 
mechanism, discussed by R. Markson 
(Massachusetts Institute of Technology) 
(see Nature 273, 103; 1978) and 
others. He regards the thunderstorm, 
and its associated high resistivity to 
vertical electrical currents as a valve 
controHing the whole electric circuit of 
the atmosphere. Solar flares, and 
possibly Forbush decreases, can modify 
the resistivity above thunderstorms, 
leading to profound changes in the 
global circuit. This could feed back 
into the physics of the clouds, affecting 
precipitation patterns and affecting 
gross features of the atmospheric 
energy balance. Empirical evidence 
supporting this idea was furnished by 
Markson himself, by R. Reiter, and 
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by M. Lethbridge (Pennsylvania State 
University). They all presented 
evidence that thunderstorm frequency 
is related to solar signals such as flares 
and solar sector boundaries, 

Ozone was also mentioned ag a 
possible trigger mechanism. M. E 
Schlesinger (Oregon State University) 
suggested that an initial ozone increase, 
caused by solar activity, could lead to 
circulation changes, which. in tum 
would lead to advective changes in 
ozone concentration, this leading to a 
positive feed-back. Many others agreed 
that some sort of ozone mechanism 
might be useful. Another possible feed- 
back mechanism was suggested by 
E. C Kindle (Old Dominion Univer- 
sity, Norfolk, Virginia) and also 
elaborated by others. This involves the 
Charney-Drazin effect, which operates 
on about a 10-day time scale, a typical 
time scale for some reported Sun- 
weather effects. If the speed of the 
middle latitude westerlies is decreased, 
this allows greater penetration of 
tropospheric wave energy up into the 
stratosphere. Thus if the troposphere 
is subjected to an influence (possibly a 
solar influence) that causes it to lose 
kinetic energy, the feed-back mechan- 
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ism will cause it to lose even more 
energy through dissipation to the 
stratosphere. 

The symposium ended with a num- 
ber of resolutions. One involved a re- 
quest to international scientific organis- 
ations, such as ICSU, to place the Sun- 
weather problem high on the List of 
future projects, Another was to decry 
the tendency for old, reliable data sets 
to be threatened with extinction, due to 
retirement of key personnel or lack of 
funding. Examples of data sets which 
are either threatened or actually ended 
include the Zurich sunspot observa- 
tions, the Ottawa centimetric radio ob- 
servations, the Greenwich daily sunspot 
drawings, and the McMath daily plage 
observations. These have been of great 
value both to research workers and to 
those engaged in operational solar- 
terrestrial problems. As an example of 
the latter, there were reports given by 
two commercial weather forecasters 
who use solar data in making their 
forecasts. Although it may be regarded 
as premature, even by some enthusiasts, 
to use solar flares, for instance, in 
routine weather forecasting, the fact 
that it is being done underscores the 
need for a serious study of the problem. 


Therapeutic agents for sickle cell disease 


from M. F. Perutz, J. Rosa and A. Schechter 


AT a recent workshop in Paris* the 
molecular and cellular bases of sickle 
cell disease and possible new ap 
proaches to its therapy were discussed. 

M. F. Perutz (MRC Laboratory of 
Molecular Biology, Cambridge) re- 
viewed X-ray diffraction and electron 
microscope studies of the gels of de- 
oxyhaemoglobin A that precipitate in 
the red cells of patients with sickle cell 
anaemia. These gels consist of fibres of 
20-22 nm diameter, each made up of 
several filaments of 6nm diameter in 
which single haemoglobin molecules 
are strung together like pearls. The 
structure of the contacts between suc- 
cessive molecules in these filaments is 
known in atomic detail from X-ray 
analysls of crystalline deoxyhaemo- 
globin A in which the molecules are 
strung together in the same way. Sick- 
ling is probably caused, first, by the 
pairwise aggregation of such filaments, 
as in crystals of deoxyhaemoglobin S 
(deoxyHb S), where the valines of one 
filament touch nonpolar side chains 
between helices E and F£ in the neigh- 
bouring filament of the pair, and then 
by the aggregation of several such pairs 
to form a fibre. Dykes et al. proposed 





* Held on 19-21 July and sponsored by INSERM 
and the US National Institutes of Health 


that each fibre is a rope made up of 
14 filaments (Nature 272, 506; 1978); 
A. Klug suggested that this number 
may arise from the winding of six 
pairs of filaments around one central 
pair. 

W. Love (Baltimore) reported that 
the resolution of the X-ray analysis of 
single crystals of deoxyhaemoglobin S 
had been raised from 5.0 to 3.0 A, good 
enough to distinguish individual re- 
sidues. The new map confirms that the 
structure of deoxyHb S is the same as 
that of deoxyHb A, except that the 
substitution of valine for glutamate 68 
may have forced the first turn of helix 
A to a conformation different from 
that in deoxyhaemoglobin A. B. Mag- 
doff-Fairchild (New York) reported her 
exciting discovery that oriented, para- 
crystalline preparations of sickled cells 
or deoxyhaemoglobin A can turn into 
bundles of crystals isomorphous with 
those analysed by Love and his cok 
leagues. The intensity distribution in 
the X-ray diffraction patterns of these 
crystalline bundles is similar to that of 
oriented gels, suggesting similar mole- 
cular arrangements. This raises hopes 
that by combining information from 
crystals and gels we may be able to 
find out more about the structure of 
the contacts between molecules in the 
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gels than has been possible by studies 
of gels alone. 

At constant temperature solutions of 
deoxyHb S remain liquid for long 
periods until they suddenly gel. The 
delay is exactly reproducible and is in- 
versely proportional to high powers of 
the temperature and haemoglobin con- 
centration (Proc. natn. Acad. Sci. 
U.S.A. Th, 4864; 1974). W. Eaton 
(Bethesda, Maryland) proposed to use 
this phenomenon for testing anti- 
sickling drugs. To make the disease 
significantly less severe, a drug would 
have to increase the delay 19-100-fold, 
equivalent to a 1.06—1.17-foid increase 
in the solubility of deoxyHb S or a 
|.5-4-fold decrease in intracellular Hb 
concentration or a 4-7-fold increase in 
oxygen affinity. These are stiff require- 
ments. E. R. Heuhns and M. Rose- 
meyer measured the antigelling pro- 
perties of Hb A, F and A; when added 
to Hb S, and found that the antigelling 
effect rises in that order. This suggests 
that activation of the gene for Hb A: 
would have a more potent antisickling 
efect than activation of the gene for 
Hb F. 


Celi studies 
Studies of whole normal aad sickled 
cells were reviewed next. J. Hoffman 
(New Haven) discussed the distribution 
of diffusible ions and control of cell 
volume in normal erythrocytes, and 
the use of fluorescent dyes to study the 
intracellular milieu. Such studies are 
very relevant in view of the steep de- 
pendence of the gelling delay on 
haemoglobin concentration. M. Mo- 
handas and N. Bessis (Paris) used 
anisotropy of laser light scattering to 
measure the deformability of red cells 
sheared between the concentric cylin- 
ders of a viscometer. This method 
could be used to measure the degree by 
which antisickling agents diminish the 
stiffening of deoxygenated sickle cells. 
The physiology of the sickle erythro- 
cyte is more complex than that of 
Hb A solutions. Recent technical ad- 
vances are now allowing their oxygen 
equilibria to be measured. R. Book- 
chin (New York) found that the Bohr 
effect of sickle cells is steeper than that 
of normal ones and that 2.3-diphos- 
phoglycerate, the intracellular oxygen 
regulator, increases gelation merely by 
lowering the oxygen affinity and not, 
as had been reported, by making 
deoxyHb A less soluble. R. Benesch 
and R. E. Benesch (New York) 
measured the oxygen affinity of Hb A 
as a function of haemoglobin concen- 
tration and found a discontinuity at 
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the point of gelation corresponding to 
the minimum gelling concentration. 
The concentration at which this dis- 
continuity occurs could be used as a 
measure of the antigelling properties 
of drugs. If any drug inhibited sickling 
without raising the oxygen affinity of 
solutions which are too dilute to gel, 
then this would prove that it acted on 
the intermolecular contacts. 


Antigelling and antisickling agents 

Compounds being tested in vitro as 
antigelling or antisickling agents were 
discussed next. These may act by more 
than one mechanism, but can be classi- 
fied according to their primary effects. 
The first class consists of modifiers of 
Hb A which raise the oxygen affinity. 
The prototype of such reagents was 


KNCO which proved too toxic for oral 


therapy. According to L. Kraus carb- 
amylphosphate reacts with haemo- 
globin in the same way as cyanate, 
but the unreacted fraction may be less 
toxic as a result of enzymatic degrada- 
tion. Imidoesters, both bifunctional 
dimethyladipimidate (B. Lubin, Oak- 
land, California) and monofunctional 
methylacetimidate (T. Gabuzda, Phila- 
delphia) decrease sickling by raising 
the oxygen affinity; so does cystamine 
which reacts with cysteines 938 (Y. 
Beuzard & J. Rosa, Paris). Among 
disulphide reagents cystine dimethyl- 
ester reacts with the same groups, in- 
creases the oxygen affinity and has 
antisickling properties demonstrable in 
single erythrocytes (D. L. Currell, 
Rome). The toxic nitrogen mustards 
react with histidine 28 which is one of 
the diphosphoglycerate binding groups. 
(E. Roth, New York). 

The second class consists of modifiers 
of intermolecular contacts in deoxyHb 
S fibres. J. Manning (New York) has 
found that glyceraldehyde inhibits 
sickling, probably by reaction with a 
specific lysine not yet determined. It 
also acts on the membrane. Other 
compounds in this class interact non- 
covalently, such as the alkylureas 
studied by R. Nagel’s group (New 
York) which are more potent inhibitors 
than urea itself. A. Schechter (Be- 
thesda) has sought stereospecific amino 
acids or peptides that inhibit gelation 
and found that aromatic amino acids 
or peptides containing aromatic amino 
acids, but not the sickling peptide 
(residues 1-168), have antigelling pro- 
perties. C. F. Poyart (Paris) found that 
methane, ethane, propane and butane 
increased the oxygen affinity by 
10-15%, propylene by 25% and butane 
by 50%; these agents may also act on 
the intermolecular contacts. A. Cerami 
(New York) reported experiments with 
n-carboxyaspirindimethylester which re- 
acts with an as yet undetermined 
group. 

The final class of compounds dis- 
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cussed were modifiers of the whole 
erythrocyte. G. Brewer (Ann Arbor) 
described clinical and laboratory 
studies of Zn acetate as an antisickling 
drug and C. Natta (New York) dis- 
cussed DBA(3,4-dihydro-2,2-dimethyl- 
2H-1-benzopyran-6-butyric acid). 

Many of these compounds are too 
toxic for oral use and would have to 
be administered extracorporeally, by 
removing the red cells from the circu- 
lation, reacting them with the drugs, 
and putting them back again. S. Bal- 
cerzak (Columbus) has tested extra- 
corporeal administration of cyanate to 
erythrocytes of dogs and two baboons 
and found no toxic effects in periods of 
up to one year. D. Diederich (Kansas) 
tried extracorporeal cyanate treatment 
on about 10 sickle cell patients and 
found a reduction in crises during 
treatment, as compared to before and 
after. 

According to W. Rosse’s (Durham, 
North Carolina) review of the Ameri- 
can clinical trials of orally admin- 
istered urea, alkali and cyanate, none 
of these reduced the severity or fre- 
quency of sickle cell crises, but the 
trials helped to establish reliable 
criteria for evaluating new therapies. 
At a final round table conference 
clinicians from West Africa and the 
USA dwelt on the great variability of 
the disease, and the absence of reliable 
information concerning its mortality, 
morbidity and clinical manifestations, 
especially in Africa and the Middle 
East. They were also concerned about 
the ethical problems of trying anti- 
sickling drugs on patients. They would 
not try them on children and felt that 
even adults might be better helped by 
conservative treatments. E 


A hundred years ago 


From the 16th to the 18th of August 
the citv of Cartago in Costa Rica, in 
Central America, was visited by five 


distinct shocks of earthquake. No par- 


ticular damage was caused, What is to 
be noticed in the meteorological result: 
that the weather was changed, being 
attended by heavy showers that flooded 
the rivers. In all earthquake countries 
it is believed the weather is affected by 
such phenomena, and it is desirable 
that observations should be recorded, 
showing the influence of earthquakes 
on weather. It has been alleged that 
the Comrie earthquakes in Perthshire 
came on after rains and floods of the 
river. 


From Nature 3 October, 18, 600; 1878. 
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The International Ultraviolet 
Explorer (IUE) 





The following eight papers deal with the International Ultraviolet Explorer (IUE), a joint project of the 
National Aeronautics and Space Administration (NASA), the European Space Agency (ESA) and 
the Science Research Council (SRC). The first paper describes the overall project and concept. The 
second deals with its performance in orbit as assessed during the commissioning phase following the 
successful launch of 26 January 1978. In addition to engineering switch-on, sub-system tests, 
optimisation and calibrations, that commissioning phase included astronomical observations of a set of 
high-priority targets as an insurance against premature failure of the system. What is ‘high priority” ts 
always a matter of judgement, and in this case that judgement was made by an international science 
commissioning team drawn mainly from the project staff of the three agencies but also including 
scientists from the general community. The results of those high-priority observations and their 
subsequent analysis are presented in the final six papers of this series. It should be stressed that these 
observations were made immediately after switch-on, that is before the system had been fully optimised 
or calibrated, and that the data were reduced in the very earliest phases of the image processing system. 
Nevertheless they clearly indicate the potential of IUE and provide a range of new and exciting data in 
many areas of astronomy. 

In addition to the authors listed on the following papers, many people have made essential 
contributions to this project in all its stages, from conception and approval through hardware production 
and launch to the recent commissioning and operational phases. To all those people, in the government 
agencies, research institutes, universities and industry of many countries, the authors extend their 
thanks and gratitude. These papers were submitted on 9 August 1978. 


R. Wilson 
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The International Ultraviolet Explorer satellite operates as 
an astronomical observatory to provide both high and low 
resolution UV spectra of sources other than the Sun. The 
spacecraft, its instrumentation and the ground control 
system are described. 


THE International Ultraviolet Explorer (TUE) was 
successfully on 26 January 1978, from Cape Canaveral, Florida. 
The satellite was developed to provide a general facility for 
observing ultraviolet (UV) spectra of astronomical sources over 
the wavelength range from about 1,150A to 3,200A. The 
project has been a joint undertaking in which the US National 
Aeronautics and Space Administration (NASA) provided the 
spacecraft, the optical and mechanical components of the 
scientific instrument, the US ground observatory and spacecraft 
control software; the UK Science Research Council (SRC) in 
collaboration with University College London (UCL) provided 
the television cameras used to record the spectroscopic data; 
and the European Space Agency (ESA) provided the solar 
arrays and European ground observatory. The image processing 
software was developed ‘jointly by NASA and the SRC’s 
Appleton Laboratory. The satellite has been placed in 
ous orbit over the Atlantic Ocean and is operated 
for 16 h each day, for NASA sponsored observers, from the US, 
ground observatory located at the Goddard Space Flight Center 
(GSFC) near Washington, D.C., and for the remaining 8 h by 
ESA, for ESA and UK sponsored observers, from the European 
ground observatory located near Madrid. 

Here the spacecraft and its instrumentation are described. In 
the following series of papers [UE’s performance in orbit will be 
discussed’, and the initial results from early observations taken 
during the satellite checkout and commissioning period 
reviewed?” 


Design concepts 
It was decided that a high spectral raoun of the order of 
0.2 A would be required to study the atmospheric characteristics 
of bright stars and planets and that a lower resolution of about 
6 A should be available to obtain information on faint sources. 
In addition, two other requirements were fundamental in 
determining the design of the scientific instrument and of the 
spacecraft to support it: first, the instrument should be able to 
record simultaneous data over large spectral ranges and, second, 
the spacecraft should be able to take maximum advantage of the 
observer’s real-time judgement concerning the quality and 
content of his data. 

The first suggests a spectrograph using an imaging system, 
such as a television camera, capable of integrating the spectrum. 
A spectrograph with echelle optics gives a compact spectral 
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format with high dispersion and, since the echelle image consists 
of many adjacent spectral orders displayed in a closely spaced 
array, it makes efficient use of the field of view of a television 
camera. To achieve adequate resolution, the total spectrum 
must be split into two ranges, from 1,150 A to 1,950 A and from 
1,900 A to 3,200 A, and so two cameras are required to record 
the full spectral range. The observing efficiency is hardly affected 
by this split, as two exposures are usually required to expose, 
optimally, both the long and short wavelength spectra. 

The second requires good communication between the 
spacecraft and the observer so a geosynchronous orbit was 
chosen. The IUE orbit allows continuous real-time control from 
the NASA control centre and at least 10 h each day from the 
ESA control centre. The arrangement is fundamentally different 
from low altitude orbiting observatories which have to acquire 
data while remote from ground control. In the case of IUE, 
control and performance monitoring are exercised continu- 
ously. The telescope field is displayed to the observer, who 
identifies his target star and directs the course of the observation | 
in real-time. The ‘TUE observatory’, thus comprises the ground- . 
control centre, where the astronomer views his television moni- 
tors, and the optical and electronic instrumentation located im 
synchronous orbit. 

A synchronous orbit has other advantages. Became the Earth 
subtends an angle of only 17° the unconstrained area of sky is. 
much greater than for low orbits and, as its movement along the 
ecliptic is at the diurnal rate, the occurrence of occultations is 
infrequent. Consequently, over large portions of the sky; neither 








Characteristic Descnption . 
Spacecraft mass 312 kg i 
Scientific mstrument mass 122 kg 
Apogee motor mass 237 kg 
Launch vehicle adaptor mass 29 kg 
Total launch mass 700 kg 
Planned mission Ide 3-5 yr 
Power required \ 210 W average 
(Spacecraft and soentific matrument) 
Array capability (beginning of life) 424 W to 238 W dependmg on 

; attitude 
Launch vehicle Delta 2914 
Stabilisation and control 
Transfer orbtt Spin stabilised 
Mimon orbit 3-axis stabilised with better than 
1 arc s control 
. Orbit Elhptca] geosynchronous 
Inclination 28 6° x 
Apogee ; 45,887 km 
Perigee ; 25,669 km 
Eccentmaty : 0.24 
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long exposures nor the observation of variable phenomena need 
be periodically interrupted. A penalty is that in synchronous 


orbit observations are normally made in full sunlight so the 


telescope must be baffled to ensure adequate rejection of stray 
sunlight and earthlight. Fortunately, sunlight scattered from the 
Earth’s atmosphere contains very little UV energy and so the 
limiting magnitude of the spectrograph is not appreciably 
affected by earthlight. The offset guiding system can be 
influenced, however, and relatively bright guide stars are needed 
near the Earth’s limb. | 
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Fig. 1 IUE spacecraft. 


General description of spacecraft 


The general arrangement of the IUE spacecraft is shown in Fig. 
1. The main body is octagonal in shape, the telescope protrudes 
from one end and the solar array extends from two opposite 
sides; in orbit the spacecraft is rotated around the telescope axis 
to keep the arrays nearly normal to the Sun. The apogee boost 
motor used to insert the spacecraft into synchronous orbit and 
the hydrazine auxiliary propulsion system used during the 
transfer orbit and for manoeuvres throughout the mission are 
both located in the lower cone assembly. 

The telescope and spectrograph are rigidly connected 
together to form the scientific instrument to which the inertial 
reference assembly is directly attached to minimise relative 
displacement. An off-set star tracker within the scientific 
instrument provides the inertial reference assembly with a 
reference signal to enable drifts to be corrected. With this 
‘arrangement the pointing accuracy of the telescope is a fraction 
of an arcs. 

Other spacecraft systems are described in later sections of this 
article and the spacecraft characteristics summarised in Table 1. 


The scientific instrument 


The scientific instrumentation consists of the telescope, the fine 
error sensors, the echelle spectrographs and the cameras. Each 
of these units will be discussed in turn. 

Telescope and fine error sensor (FES): the telescope has an 
0.45 m f/15 Cassegrain configuration with a Ritchey—Chrétien 
figure, giving uniform image shape across the 16 arc min field of 
view. The characteristics of the optics are summarised in Table 
2. Telescope materials were chosen for their light weight, 
moderate cost, and thermal and optical properties. Beryllium 
was selected for the primary mirror, and fused silica for the 
secondary mirror. The telescope tube is aluminium, wrapped in 
aluminised Mylar thermal insulation; this thermal design pro- 
duces a nearly constant focus over a wide range of solar aspect 
angles, and after initial focussing in orbit by movement of the 








secondary mirror, no further refocussing should be requ 
Small corrections to the focus can be made using heaters be 
the primary and secondary mirrors. ee 

The forward sunshade is cut at a 43° angle with respect to the: 


optical axis so that the telescope may be pointed anywhereinthe 


sky more than 43° from the Sun. (The 43° angle was selected to 
permit observations of Venus when it is at greatest elongation. ) 
The forward rim of the sunshade has an additional diffraction 


all off-axis light must suffer at least two scatterings befor 
reach a telescope mirror. With this design, stray light f e 
Earth or the Moon will be of negligible intensity as long asthe — 
primary mirror is not directly illuminated, but this can occur if 
the Earth’s limb or the Moon is less than 25° from the optical. 
axis. 

Behind the primary mirror there is a shutter which closes 
automatically if sunlight falls inside the telescope tube. Behind 
the shutter, the spectrograph entrance apertures are mounted in 
the focal plane. These apertures are holes drilled in a mirror 
mounted at 45° to the telescope optical axis and which reflects 
the telescope field surrounding the apertures into duphcated 
FES, each of which serves the dual purpose of offset star tracker 
and field camera. Either is able to scan, in 8 arcs steps, the 16arc 
min telescope field, an image of which can de transmitted to the 
ground for identification by the observer. The FES then 
measures the coordinates of the target star with respect to the 
spectrograph entrance apertures so that the spacecraft may be 
manoeuvred to centre the object in the selected entrance aper- 
ture. The FES is then offset to any other star in the field to 
generate error signals to hold the telescope on target. The 
limiting magnitude of the FES depends on its mode of operation, 
but it can track stars as faint as 14th visual mag. Thus any object, 
regardless of its brightness or nature, may be observed provided 
its position is known with respect to a nearby guide star. 
Echelle spectrographs: behind the 45° aperture plate there are 
separate short and long wavelength echelle spectrographs, 
covering the spectral ranges 1,150-1,950 A and 1,900-3,200 A 
respectively. Each spectrograph has a pair of entrance apertures . 
consisting of a hole 3 arc s in diameter and an oval slot 10x20- 
arc s. Both the larger slots can be closed simultaneously by a 
shutter, but the smaller holes always remain open. Any particu- 
lar aperture can be selected by pointing the teles¢ope so that 
the target image lies in that aperture. The arrangement of the 
optical components for the short wavelength spectrograph is 
shown in Fig. 2. Light from the target passes through the. 
aperture plate to the collimator mirror, which is an off-axis 
paraboloid. The collimated beam is incident on the echelle 
grating and then diffracted to the spherical grating which acts 





Fig. 2 Short wavelength spectrograph. 
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Configuration Cassograin 
Figure Ritchey—Chrétion 
Clear aperture 045m 
Central obscuration (baffled) 022m 
Primary focal length 125m 
Effective focal length 675 m 

Focal ratio 15 

Motor seperation 1 027 m 

Back focal distance 0 175 m 

Ptate scalo 30 6 arc simm™ 
Image quality arc 6 

Field of view 16 arc min 


both as an order separator and as a focusing element to image 
the entrance aperture on to the camera. By command, a camera- 
select mirror may be made to interrupt the beam and divert the 
image to a redundant camera. Similarly, a plane mirror (labelled 
the low dispersion mirror in Fig. 2) may be inserted in front of 
the echelle grating, resulting in a low dispersion spectrum 
produced by the spherical grating alone. The optical design of 
the long wavelength spectrograph is the same as the short 
wavelength spectrograph, except that two plane mirrors inclined 
at 45° are located behind the long wavelength entrance aper- 
tures to direct the incoming light beam to the long wavelength 
spectrograph and so separate its elements from those of the 
short wavelength instrument. In the long wavelength spectro- 
graph the spherical grating could produce a second-order 
spectrum (from ~1,000 to 1,600 A, which would overlay the 
1,900-3,000 A first-order spectra} range), but this is suppressed 
by a silicon oxide coating on the 45° and collimator mirrors. The 
optical parameters of the two spectrographs are summarised in 
Table 3. 

The spectrograph section of the scientific instrument also 
contains a number of light sources. The first of these is a 
platinum—neon hollow cathode lamp" which is used as a 
wavelength standard. The lamp is mounted behind the primary 
mirror and illuminates the spectrograph entrance apertures by a 
mirror on: the back of the Sun shutter so that a platinum 
spectrum can be recorded to calibrate wavelength as a function 
of position in the spectrograph image. Tungsten filament and 
mercury lamps are mounted in front of the cameras in each 
spectrograph to flood the camera faceplate with light. The 
former are used in the camera preparation procedure, described 
below; the latter? can illuminate the cameras with 
predominantly 2,537 A radiation, and are used to produce sets 
of flat-field images at different exposure times in order to derive 
intensity transfer functions for each picture element (pixel) of 
the camera format. 

The spectrographs are fixed focus and, to minimise thermal 
effects, their temperature is closely controlled and the optics are 
mounted using tubes of graphite fibre-reinforced epoxy selected 
for its low coefficient of thermal expansion. 

Spectrograph cameras: in each spectrograph a television camera 
integrates the two-dimensional echelle spectrum during an 
exposure and converts the image into video signals suitable for 
transmission to the ground. There are prime and redundant 


Fig. 3 Camera showing UV to visible image converter and SEC tube 
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cameras in both long and short wavelength spectrographs, all of 
nominally identical construction. Each camera head contains 
the electro-optical detector components and some of the elec- 
tronics, such as the video head-amplifier, which must be close to 
the television camera tube. The remaining electronics are 
mounted in the spacecraft. 

The basic detector is a UV-to-visible image converter (UVC) 
coupled to a secondary electron conduction (SEC) television 
camera which is sensitive to visible light only (Fig. 3). The 
entrance window of the UVC is magnesium fluoride, trans- 
parent to wavelengths above 1,150 A, and on its inside face is a 
semi-transparent caesium—tellurium photocathode? with a 
quantum efficiency of 10-15% in the UV but less than 0.01% in 
the visible. Within the UVC, a high electric field (5 kV across a 
1.3 mm gap) accelerates photoelectrons onto a phosphor screen 
where each produces about 60 photons whose energy peaks in 
the blue. The screen efficiency is improved by a surface layer of 
aluminium which reflects backward-emitted photons through 


Digitised output from camera (DN) 
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Fig. 4 Typical camera mtensity transfer funchon for image centre (@) and 
postions of maximum (A) and minimum sensitrvtty (x) 


the output window; this layer also minimises optical feedback. A 
matt black coating on the input side of the aluminium reduces 
halation by suppressing reflection of UV photons which 
penetrate the photocathode. 

The blue image from the UVC is transferred by fibre-optic 
coupling to the bi-alkali photocathode of the SEC tube. 
Incorporated in the fibre-optic coupling is a square array of 
fiducial marks to provide a geometrical reference for the spectral 
image. The photoelectrons, generated at the photocathode, are 
accelerated through the electrostatically-focused image section 
onto the SEC target which consists of a low density porous layer 
of potassium chloride about 10 um thick, supported by an 
aluminium oxide membrane about 50 nm thick, and backed by a 
thin aluminium signal plate. Some fraction of the energy of each 
photoelectron is expended in producing several secondary elec- 
trons in the potassium chloride which are swept towards the 
signal plate by a 12V bias across the target leaving an amplified 
positive charge-image stored on the target, (the process of 
secondary electron conduction from which the SEC tube”? is 
named). The gain depends on the accelerating voltage and is 
about 50 at the highest voltage setting of around 6.1 kV. because 
of the highly insulating nature of the target an image can be 
accumulated over many hours and there is no detectable 
reciprocity failure. 

The image is read on completion of exposure. The readout 
section of the camera tube is similar to that of a standard 
magnetically-focused vidicon although its operation is some- 
what different in that the beam is deflected digitally to scan a 
raster of 768 x 768 pixels in 37-pm steps across the image. At 
each pixel, the read beam is pulsed on and discharges the target, 


Nature Vol: 275 ‘S October 1978 


giving rise to an output video pulse corresponding tothe positive 
charge on the target at that pixel. The videosignal is digitised 
into one of 256 discrete levels (DN units) by an 8 BE A/D 
converter, and these data are telemetered i in real- time. 


Table 3 TUE spectrograph optics 
Short wavelength Long wavelength 





fn *" Opucal element spectrograph spectrograph 
Wavelength range 1,150 to 1,950 A 1,900 to 3,200 À . 
Offset mirrors Nono .- Two at 45°. 
Collmmator radros $ 189m 1.89 m 
Low dispermon mirror `) Plane Plano 
Echelle gratng : ` 

` frequency ' = 3 101 9 mm! 63.2 mm™! 

blaze angie 45.5* _48.1° 
' ọf-normal angle. , 10.2* 10.2" 
- Spherical grating a ; cee 

313 0 mm - 200 0 mm 

radius : 137m 1.37 m 

Camera select murror : Plane Plane 

High dispersion resolving l ; i 

power* 12x10‘ 13x10 

Low dispernon resolubon* ` 6A 8A 

A n + 
* Based ou a predicted point spread function for the entire system (guidance plus 


optics plus detector) of 120 um full width at haf maximum. Actual resolubons 
achieved in orbit are discussed m the followmg paper’ 


-`The cameras are operated by a series'of commands issued by 
the ground station operator through keyboard procedures. Each 
operational mode has’ a number of parameters which may be 


selected by the guest astrnomer. The normal image sequence is: ` 


PREPARE-EXPOSE-READ. A PREPARE operation is 
carried out before each EXPOSE to erase all trace of previous 


images from the target and to provide a reproducible low-noise 


baseline on which thé new image will be superimposed. ‘It 
consists of ‘preprogrammed sequences of over-exposures to the 
tungsten floodlamps fqllowed by READ scans. In the EXPOSE 
mode the UVC and SEC image section high voltages are on (the 
readout section of the SEC tube is off) and an image may be 
integrated on the SEC target. Exposure times may be controlled 
from the ground or by the on-board computer. In the READ 
mode the image section and the UVC-are off and the stored 
charge image is read from on SEC target as deacribed above. 


Camera performance ` 7 oe 
The: response of a camera to UV photons is nonlinear at high 


signal levels, owing to saturation effects in the storage of charge 


in the SEC target. The relation between the number of input 
photoelectrons and the output from the video chain is known as 
the intensity transfer function (ITF) (Fig. 4). As can be seen, the 
ITF varies across the image and individual ITF corrections are 
applied to each of about half a million pixels. The photometric 
linearisation of the data is an important element of data reduc- 
tion” 


Fig. 5 Typecal signal-to-r.m s. none ratio per resoluton element (3x3 
pixels) as a function of the mput to the camera at 2,537 A. 


100 


Signal to r.m $s noise ratio 





10 lo 19° 
Photon flux per resolution element 


375 


The ultimate accuracy with which a spectral feature can be 
measured is set by the quantum statistics of the signal photons 
incident on the detector but the quantum efficiency of the 


_ photocathode reduces this accuracy and it is further degraded by 


extrancous noise sources which depend on such parameters as 
SEC target- gain, signal level, method of preparation of the 
target, wavelength and the camera noise level. A typical signal- 
to-noise characteristic achieved in orbit after photometric cor- 
rection is shown-in Fig. 5.. 

The spatial resolution of the camera is determined by the 
combined effects of the UVC and SEC tubes. A typical modula- 
tion transfer function (MTF) is shown in Fig. 6; the very rapid 
drop in MTF at low spatial frequencies is a result of halation. 

The dark currents in the UVC and SEC are mainly thermionic 
in origin and result in a typical background signal of 0.5-1.5 DN 
per hour of exposure. Images resulting from long exposures 
usually show a number of small bright spots which vary in time 
and position; these are probably the result of radioactive disin- 
tegrations in the phosphor. ‘Bright spots and streaks can also be 
caused by interaction of cosmic rays with the input window of 
the UVC. Aluminium shields not less than 4 mm in thickness 
surround each camera to provide substantial protection against 
radiation from the Earth’s trapped electron belts which would 
otherwis¢ produce an unacceptably high background. 





2:- 4.° 6 8 «+ 10 12 14 


Spatial frequency (cycles mm~*) 
Fig. 6° ‘Typecal camera modulation transfer function for a, centre of image 
‘and b, at half radrus (postron of worst response). 


Geometric distortions ees in the SEC tube amount 
typically to about 2% of the radial distance and consist of ‘pin 
cushion’ distortion produced by the electrostatically-focused 
image stage, ‘S’ distortion produced in the magnetically-focused 


_Tead-out stage, small scale changes due to approximations used 


in the generation of the dynamic refocus waveform and small 
intensity-dependent image shifts in the read-out section of the 
SEC caused by ‘beam-pulling’ effects. 


Spacecraft systems 


The major sub-systems necessary to support operation of the 
scientific instrument are described below. Duplication is used 
extensively to ensure long term reliability. 


Communications: “the communications system consists of VHF 
transponders, S-band transmitters, r.f. power amplifiers and 
antennas. The characteristics of the VHF and S-band systems 
are summarised in Table 4. The S-band system is used only for 
transmission of telemetry data. The two transmitters can be 
connected to any of the four power amplifier-antenna combina- 
tions, but only one transmitter and one power amplifier may be 
selected at any one time and this will depend on which antenna 
has the most favourable view of the Earth. The VHF system 
consists of duplicate transponders and a four-element turnstile 
antenna and is used for the reception of ground-generated 
commands, the turn-around transmission of range and range- 
rate signals for tracking the spacecraft, and also to provide a 
backup telemetry down-link. 
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Table 4 Communications systems 
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WHF S-band 
Transmitter frequency 136.860 MHz 2249.80 MHz 
Power output 6 W 6 W 
Modulation PCM/FSK’7AM PM 
Telemetry rate 800 bs"! 1.25kbs7) to 40kbs7! 


with fixed and 
reprogrammable formats 
Turnstile Circular 
Omnidirectional 60° conical 
148.980 MHz — 
—106 db m _ 


Antenna polarisation 
Antenna pattern 
Receiver frequency 
Receiver sensitivity 





Commands initiated by the on-board computer or received 
directly from the ground are al! processed by the two command 
decoders. Each can process 128 discrete commands and 48, 
37-bit serial word commands. 

Data handling: the data handling system is composed of the data 
multiplexer and the on-board computer. The data multiplexer 
serves as the spacecraft telemetry encoder and as the input data 
interface between the on-board computer and the rest of the 
spacecraft. 8-bit words are transferred to a serial data stream 
which is alternately made available to the ground and to the 
on-board computer using time sharing techniques. The tele- 
metry bit rate is selectable by ground command from 1.25 to 
40 kbs7'. The on-board computer performs all attitude control 
computations and issues all reaction wheel torquing commands. 
It performs self-checks, monitors spacecraft performance safety 
functions, controls camera exposure times, and stores com- 
mands. 

Stabilisation and control: the stabilisation and control system is 
used in orbital manoeuvres which include station keeping, 
pointing, and manoeuvring of the spacecraft. It has three 
different reference systems: (1) six gas-bearing, pulse- 
rebalanced, inertial-grade gyroscopes providing 0.01 arc s 
integrated rate resolution over 600 arc s per s; (2) star trackers 
(the FESs) in the scientific instrument which use the telescope 
optics to provide an angular resolution of 0.27 arcs throughout a 
16 arc min field-of-view; (3) a two-axis digital Sun sensor which 
provides angular resolution to 15 arc s over a field-of-view of 
64° x 124°. When a bright star is within 9 arc min of the target 
source, the guidance system uses the FES for position informa- 
tion and gyro system for rate damping. When a guide star is not 
available, precision-hold depends solely on a well-trimmed gyro 
reference with low frequency updates from a faint source. 
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Sequential three-axis manoeuvres from one star to the next use 
an integrated gyro reference resulting in accumulated errors of 
<4 arc min. The control system utilises a set of momentum- 
exchange reaction wheels for attitude control and relies on the 
hydrazine thrusters for momentum dumping. 

Power: power is provided by two solar arrays and a highly 
efficient distribution and regulating system. During eclipse, and 
other periods when demand exceeds solar array output, power is 
provided through a boost regulator from two 6 amp h nickel- 
cadmium batteries. 

Thermal control: the active thermal control system utilises 
louvres, insulation, heat pipes and heaters. Multi-nodal analysis 
of a thermal model and solar simulation tests were used to prove 
the design. The spacecraft may be divided into four sections, 
each with unique thermal requirements. 

(1) The hydrazine bay which contains the hydrazine propulsion 
system and apogee boost motor and uses a combination of 
thermal blankets and active heaters. 

(2) The main spacecraft compartment which is maintained 
between 0°C and +40°C with the batteries below 30°C and 
with the gyros in the inertial reference assembly internally 
controlled at 57°+1°C. Heat pipes attached to the main 
equipment platform, together with the louvres, keep gradients 
to <5°C. 

(3) The telescope, where heaters maintain the primary mirror 
near 0 °C and the focus mechanism between 0 and +30 °C. The 
primary mirror is conductively isolated from the telescope 
structure to reduce axial and circumferential gradients. 

(4) The spectrograph, where the cameras are maintained 
between 0 and +20 °C. Temperature changes and gradients are 
minimised to prevent thermally induced misalignment. Satis- 
factory temperature control is obtained by enclosing the spec- 
trograph within an aluminium shield to limit its heat exchange 
with the main spacecraft compartment and by temperature 
control of the primary mirror through which most of spec- 
trograph’s heat is dissipated. 


Ground observatory control systems 


Unlike previous unmanned astronomy spacecraft, IUE is 
operated in real-time by guest observers who generally lack 
detailed knowledge of the complex spacecraft and ground 
systems. Ground operating procedures have, therefore, been 
designed to allow the observer’s research programme to be 
accomplished by selection from a library of modular pre- 
programmed operating sequences. 


Science operations centre 


Experiment 


display 


Fig. 7 US ground observa- 
tory. a, Observing centre; b, 
image processing centre. 
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IUE ground control is based or a large real-time computer ' 


software system to process telemetry and commands. Relatively 


complex spacecraft operations are accomplished by calling a . 


series of operating procedures, each designed to accomplish a 
particular function, such as reading an image from a camera. 
Procedure execution is controlled by trained telescope opera- 
tors. A computerised image processing system is then run offline 
to correct the astronomical images and produce a spectrum in 
absolute units as a function of wavelength”. The processing 


sequence consists of geometric and photometric correction, ' 


wavelength identification, data extraction and system efficiency 
correction and uses calibration tables derived from periodic 
analysis of calibration images. 

The US ground observatory at GSFC is divided between three 
separate locations: the ground station, operations control 
centre, and science operations centre, see Fig. 7. The ground 
station maintains continuous radio communication with the 
spacecraft, relays telemetry data to the operations control centre 
and transmits command messages from the control centre to the 
spacecraft. The operations contro! centre contains a Xerox Data 
Systems (XDS) Sigma 5 computer used for real-time spacecraft 
operations and image acquisition, an XDS Sigma 9 computer 
used for image processing and data reduction, and a common 
disk storage unit. The Sigma 5 computer is operated from a 
spacecraft control console, consisting of a number of interactive 
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displays with keyboards used by engineers who continuously 
monitor the spacecraft performance. The science operations 
centre houses two experiment display systems (EDS) which are 
specially designed pseudo-colour image display and analysis 
consoles, containing their own mini-computers and disk storage. 
One EDS is used by the observer and telescope operator to 
conduct real-time observations and the other is used in image 
processing. 

The ESA ground station and control centre is functionally 
identical with that at GSFC but incorporates a single Sigma 9 
computer, with EDS, telemetry, command, and control consoles 
for operating the spacecraft. From this control centre the ESA- 
and SRC-sponsored observers use the IUE spacecraft for 8h 
each day to conduct their research programmes. 
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After the IUE’s successful launch into an eccentric 
geosynchronous orbit, and following initial spacecraft 
checkout, observations were made of a set of high priority 
targets as an insurance against premature failure of the 
system. These were followed by the systematic performance 
evaluation of the various spacecraft and scientific instru- 
ment sub-systems, some of which were optimised in orbit. 
The optical performance of the telescope and spectrograph 
and the photometric performance of the SEC cameras used 
as spectrum detectors all seem satisfactory, but the ground 
data processing system although ri needs further 
development. 
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THE IUE was launched from the John F. Kennedy Space Center 
on 26 January 1978 into an eccentric geosynchronous orbit. The 
system is described in the previous article. The mission objec- 
tives required that the spacecraft be placed in a 24-hour orbit 
visible continuously from the NASA ground station at Goddard 
Space Flight Center and for at least 10 h per day from the ESA 
Villafranca Satellite Tracking Station near Madrid. This 
coverage allows the Goddard Control Center to control opera- 
tions for 16 h each day and to monitor health and safety of the 
spacecraft while the Villafranca Tracking Station operates the 
satellite for 8 h each day. The orbital elements are summansed 
in Table 1. The satellite tends to drift slowly in longitude because 
of slight inaccuracies in the orbital period. However, the 
ascending node is kept near the longitude indicated in Table 1 by 
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Output of radiation counter (V) 





06 09.00 


03 
Time (UT) 


Fig. 1 Typical vananon of clectron fux (>1 MoV) measured by the on- 
board counter The counter outpat voltage, Y, is related to the electron fh, 
F (electrons em”? s—'), by V =hogioF —k where k= 3 4. The right hand 
scalo gives the exposure tine m minutes that would give 20% of full acale on 
the long wavelength redundant camera. This calibraton was derived at 
several! counter levels between 1 5 and 2.5 V. The short wavelength prime 
camera i 1.4 times more sensitrve to radiadon a, 31 January—1 February, 
b, 30-31 January. 


occasionally firing hydrazine thrusters. These small orbital 
adjustments will be required two to three times per year. ' 


After the spacecraft was injected into-the synchronous orbit, 


three-axis attitude control was established and the integrity of 
the basic spacecraft and scientific instrument systems was 
verified. At this point a selected set of high priority targets was 
observed so that some scientific data spanning various research 
areas would exist in the event of an early failure. An TUE science 
commissioning team, including project personnel and a few 
guest observers, had been formed to direct the early scientific 
checkout, observing, and performance evaluation activities. 
Each team member was supported by one or more associates so 


that the team had a large staff of scientists and engineers to assist ` 


in the commissioning tasks. The tasks covered three basic 
phases. (1) Immediately after turn-on, the selected high priority 


targets were observed to develop observing techniques and to’ 


collect some data in each of the broad research categories 
aplicable to IUE. The observations are described in the follow- 
ing papers””’ and fall into the categories of hot stars’, cool stars’, 
interstellar medium‘, X-ray objects’, extra-galactic objects‘, 
and solar system objects’. (2) The scientific instrument and 
supporting spacecraft equipment were optimised. During this 
phase the telescope was focused, prime and back-up cameras 
were selected for each spectrograph, the settings of each prime 
camera were adjusted to achieve best performance, and the 
slewing and guiding capabilities of the spacecraft were 
improved. (3) The photometric properties of the scientific 
instrument were calibrated against standard stars, and other 
performance characteristics, such as image quality and spectral 
resolution, were studied. | 

At the end of these three phases routine guest’ observing 
began on 3 April 1978. The optimisation, evaluation, and 
calibration tasks were far too large to be fully completed within 
the available time. However, those items necessary for starting 
the routine observing phase were finished, and the basic pro- 


cedures established whereby the scientific commissioning will be _ 


completed and maintained by the observatory personnel. 


Spacecraft sub-systems | 


The.spacecraft sub-systems whose proper operation are essen- 
tial to the mission are described in the previous article’. They 
include power, thermal, communications, data handling, and 
attitude control, and all are operating successfully. The power 
sub-system has performed according to its design since the 
launch. The solar arrays totally support normal operations over 
the acceptable range of B-angles (the angle between the tele- 
scope axis and the direction to the anti-Sun) from 0 to 135°. As 
the arrays degrade due to radiation damage-the -angle range 
for positive power will decrease, and the power system will begin 
to depend on stored energy from the batteries to maintain 
operation over all 8 angles. The batteries and power system 
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performed normally during the first eclipse period, during which 
the spacecraft passed through the Earth’s shadow every day for 
about three weeks. Eclipse seasons for TUE, as for the Moon, 
occur every six months. 

The overall thermal performance of the IUE spacecraft has 
been satisfactory. The only departures from pre-flight predic- 
tions are that .the power sub-system electronics are running 
warmer than expected, and there is a larger than anticipated 
gradient between the two battery packs. There was some initial 
concern about how the batteries would perform under load with 
this gradient; however, no problems arose during the first eclipse 
period. The temperatures throughout the scientific instrument 
are close to the predictions and the scientific instrument heaters 
are routinely cycled to keep its thermal conditions within the 
desired range. . 

‘The spacecraft communication and data-handling sub-system 
has been’ used in all its various formats and bit rate configura- 
tions, and it operates flawlessly. Most operations use a telemetry 
rate of 20 kbitss"’. The command sub-system is performing 
properly with hundreds of commands issued to the spacecraft 
each day to support routine real-time operations. Occasional 
command-verify anomalies have been observed, but in most 
cases these have been traced to ground transmitter adjustment 
errors. Occasional interference is encountered from other 
NASA satellites during ranging measurements. The: primary 
on-board computer has been in operation since spacecraft turn- 


‘on. During the first few weeks several instruction failures were 


observed which occasionally caused the computer to halt. 
However, software modifications were installed to detect, such 
conditions and recover automatically without impact on 
scientific operations. While the primary function of the 
computer is attitude control, its other functions include timing 
camera exposures. and monitoring certain spacecraft 
parameters. As with the other spacecraft systems, a redundant 
on-board computer is available in case the prime system should 
fail. ~ 

The attitude control EE operates satisfactorily i in all 
modes of operation. It controlled nutation and precession while 
the spacecraft was spinning in the transfer orbit and, after 
injection into the synchronous orbit, it executed the de-spin and 
Sun acquisition manoeuvres. Three-axis control was established 
using the on-board computer, the inertial reference assembly, 
and the reaction wheels. The initial attitude reference was 
obtained by measuring the solar position with fine Sun sensors in 
pitch and roll and the approximate Earth position with a 
panoramic attitude sensor in yaw. The spacecraft was then 
slewed to point the telescope toward the North Ecliptic Pole, 
where a star field was identified using the telescope and star 
tracker. Manoeuvres to new positions are performed, one axis at 
a time, by inserting in ‘the on-board computer new gyro 
references relative to the known spacecraft orientation. Reac- 
tion wheels slew the spacecraft, and hydrazine reaction jets are 
fired once or twice daily to reduce wheel momentum that 
accumulates due to disturbance torques on-the spacecraft. 
Typical pointing errors after large angle slews have been 
1-2 arc min, which is well within the 16 arc-min field of the 
telescope. The star tracker in the scientific instrument can 
identify and guide on stars brighter than 14 mag. Using the star 
tracker for guidance, pointing accuracies ~0.2 arcs have been 
achieved. On the rare occasions when there is no suitable guide 
star in the field, the gyro drift rates may be nulled while the 
tracker is guiding on a nearby star and then the gyros may be 


Table 1 [nitial orbital elements ; 
42,152 km 


Senu-major aus , 

Perigoe 32,050 km 

“Apogee i 52,254 km 
Eccentnaty A i . 0240.. 
Inchnation 48 6° 

Right ascension, ascending node 208.1° ' 
Argument of 257 1° 
Period ee 23b55nnn33s 
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LWR camera exposure time (min) for 20% FSD 
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Fig.2 Histogram showing the variation in peak flux during each of 50 orbits 
for which data are available for the period 29 January-10 April 1978. 


used for inertial guidance with random drifts ~3 arcs per h. If 
moving targets are to be observed, the gyro rates can be adjusted 
to track the target’s motion. 


Optical performance 


Measurements of telescope image quality before launch 
indicated that the ratio of transmission between the small spec- 
trograph entrance aperture (3 arc s) and the large spectrograph 
entrance aperture (10 x 20 arc s) was 0.65 at 20 °C, 0.60 at 5 °C, 
and 0.55 at —10 °C. Because of air turbulence and the angular 
diameter of the laboratory source, these measurements were 
considered to be lower limits of achievable performance. 

Thermal conditions have been adjusted in orbit and are being 
controlled actively to maintain a nominal primary mirror 
temperature of —3 °C. This should allow pointing to any object 
outside the 43° Sun avoidance cone without significant changes 
to telescope focus. After refocusing the telescope in orbit, 
spectrograms of the same star obtained using the large and small 
apertures in the short wavelength spectrograph have indicated 
small aperture transmissions of up to 70%. Spectra of stellar 
images in the large aperture are ~S arcs full width at half 
maximum, perpendicular to dispersion. 

Sources of scattered light in the telescope may be divided into 
three categories: the Sun; Earth and Moon; and bright stars. The 
IUE telescope baffles (see ref. 1) were designed to eliminate 
sunlight over the region of sky outside the 43° half-angle Sun 
avoidance cone. No evidence of scattered sunlight has been 
observed at angles of 50° or more from the Sun. At angles 
between 45 and 50°, stray sunlight is barely detectable in the star 
trackers. There are no restrictions on observing near the Earth 
or Moon, but scattered light may affect the operation of the star 
trackers. Observations of stars with no evidence of scattered 
light contamination have been made within 25° of the Moon and 
within 25° of the Earth's limb. The practical limit has not yet 
been fully determined, but when the Earth is within the 16 arc 
min field-of-view, the star tracker output is saturated in every 
operational mode. Observations of Jupiter and its satellites have 
shown that 6th mag objects can be observed and tracked within 
90 arcs of a —1.7 mag object. This performance would scale to 
tracking a 14th mag object at 90 arcs froma 6.3 mag object. It is 
also important to know how severely the spectrum of an object 
can be contaminated by scattered light from a bright star located 
close to it. Tests on 7 UMa show attenuations of 10 stellar 
magnitudes when the star is 10 arcs from the small entrance 
aperture of the long wavelength spectrograph and 12 stellar 
magnitudes at 20 arcs. 

The resolutions of the long wavelength and short wavelength 
spectrographs have been determined from spectra of the Pt~Ne 


hollow cathode lamp that is used on-board for wavelength 


calibration. At high dispersion in the short wavelength spec- — a 


trograph, the full width at half maximum (FWHM) of a spectral 
line from the Pt-Ne lamp is 0.085 A at 1,150 A, and it increases 
linearly with wavelength to 0.19A at 2,100 Á. In the long 
wavelength spectrograph, FWHM = 0.20+ 0.01 A, constant 
with wavelength. The data for the short wavelength spec- 
trograph correspond to a resolving power, R = A/FWHM = 
1.2 x 10*, as was expected. The data for the long wavelength 
spectrograph give resolving powers that vary from 1.0 x 10* to 
1.5 10* over the wavelength range rather than the approxi- 
mately constant value of 1.3 x 10* that was expected. The reason 
for this is not yet understood. The spectral resolution measured 
from Pt-Ne spectra in the low dispersion modes is <7 A in the 
short wavelength spectrograph and <8 A inthe long wavelength 
spectrograph. These results are upper limits because all features 
of the Pt-Ne spectrum observed at low dispersion are, to some 
extent, blends of several lines. o 

The on-board Pt-Ne lamp” serves two purposes. First, it 
defines the spectral format to guide the extraction of data from 
the spectrum and its local background; this is clearly ac 
intricate process in the high dispersion mode with. 







sional format. Second, it assigns a wavelength to n data 
of an extracted spectrum. The procedure invi two steps. 
First, the emission line spectrum of the lamp is à ed, and the 


positions of the spectral lines on that image are found using a 
cross-correlation technique. In the case of the high dispersion 
spectra ~200 spectral lines are located, while in the case of low 
dispersion spectra the number is ~ 15-20, Second, a multivari- 
able regression analysis is performed to relate the sample s and 
line / positions to their wavelength A and order numbers m. The 
equations of condition are given below for high dispersion: 


$=Ayta,;ma +a {MAY +a;m +a,À tasmaA*+agmAa 
[= bo+ b mà + bs(maA y + bm + bÀ + bemà” + bamn” A 
and for low dispersion 


§ = Agt+aQ,A = bot bÀ 


These dispersion constants are then used to define the spectral 
format of the target spectrum. The errors in this procedure are 
assessed in Table 2, which shows that the largest uncertainty in 
assigned wavelengths arises in transferring the dispersion 
constants derived from a Pt-Ne spectrum to the image of a 
stellar spectrum. These errors can be removed by identifying a 
feature in the astronomical source and applying an appropriate 
correction. 





Table 2? Sources of error in wavelengths 
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High Low 
Source dispersion dispersion 

Error in laboratory wavelength <0.004 A <i A 

Error in measured positions of spectral lines <0.07 A 2A 
Inadequacy of dispersion formulae to represent 

spectral format <O.07 A <2 A 
Error in transferring dispersion relations to 

target spectra O.2A 6A 





Camera performance 


Before launch an extensive programme was undertaken to 
investigate the effect on camera performance of the settings of 
the camera-tube and deflection-coil operating parameters’. This 
programme resulted in a set of values for the commandable 
voltages that was used immediately after launch to observe the 
high priority targets. After the high priority observing period, 
time was allocated to check the commandable camera settings, 
using the performance before launch as a baseline. In addition, 
the post-launch check on the operating parameters was ex- 
tended to include the implementation of a new target pre- 
paration sequence, called SPREP, which had been developed 
during additional laboratory testing of the flight spare cameras. 
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Table 3 
Photomertrically corrected 40% image 
Mean S/N” Min. S/N Mean S/N 
(Single (Single (3x3 Photometric? 

Camera pixel) pixel) pixels) stability 
Long 10.0 SR 1? L7% 
wavelength 13.4 8.0 29.0) t2.5 
redundant 8.7 45 19.4 +5 § 
-~ g 2 < 19 9 + < 

Short 12.2 4.0 30.2 +13.5 
wavelength 10.5 6.5 23.1 t2.5 
prime 10.9 6.6 25.0 3.2? 

11.1 6.0 25.0 t5 


Camera performance 





Random noise on pedestal 


Mean oi Peak o Mean o 
(Single (Single (3x3 
pixel) pixel) pixels) Preparation sequence 
3.0 DN 7.9 DN 1.1 DN TPREP: ground calibration 
1.4 2.7 0.4 SPREP: after re-optimisation 
2.9 6.0 1.0 SPREP: in-orbit ITF 
2.7 5.7 0.9 FPREP: after re-optimisation 
1.6 2.8 0.7 TPREP: ground calibration 
1.4 2.9 0.5 SPREP: after re-optimisation 
1.7 3.6 0.6 SPREP: in-orbit ITF 
1.3 2.2 0.6 FPREP: after re-optimisation 





All results refer to the low gain setting of the head amplifier with the SEC tube at maximum gain 
* The mean signal-to-noise (S/N) ratio is averaged over the whole target area for both individual pixels and for 3 x 3 pixel blocks. The minimum S/N ratio is the mean 


over a block of 24 x 24 pixels in the area of worst noise 


t The photometric stability represents the peak-to-peak spread in signal level after photometric correction has been performed 


t The mean standard deviation (ø }is averaged over the whole target area for both individual pixels and for 3 » 


over a block of 24 x 24 pixels in the area of worst noise performance 


SPREP has now replaced the original preparation sequence, 
TPREP, which was used during high priority observing. Further 
images were obtained to serve as a new baseline for measuring 
long term drifts in camera performance. Two other target 
preparation sequences, also initially developed in laboratory 
testing, have been implemented. These are FPREP, a fast 
preparation sequence designed for use when speed of operation 
is important and some degradation in image quality can be 
tolerated, and XPREP, which can be used to remove residual 
effects of over-exposed images. 

lhe function of the preparation sequences is to remove all 
trace of previous images and to leave the target with a uniform 
low-level low-noise pedestal. Target preparation involves a 
Saturation exposure of the camera, using tungsten floodlamps, 
and read out of the charge, followed in the case of TPREP and 
SPREP by a lower level flood exposure and subsequent read. 
The original preparation sequence, TPREP, has the disad- 
vantage that beam pulling effects can lead to small scale instabil- 
ities in the action of the read beam, particularly when reading 
out the saturated exposure of the preparation sequence. These 
beam instabilities result in patches of increased noise and 
poor photometric stability. The new sequence, SPREP, gives 
Significant improvements in photometric stability and consider- 
ably reduced noise on low-level signals. The improvements are 


Fig.3 Contrast-enhanced but otherwise unprocessed low-dispersion short 
wavelength spectrum of the faint (B ~ 14 mag) extragalactic object B2 
1101 +38 exposed for 4h. The geocoronal Lya emission fills the 10>» 
20 are s aperture and can be distinguished from the narrower object spec- 
trum. There is no sign of background from other atmospheric emissions 
either in this or the long wavelength spectrum. The numerous bright spots 
are generated in the detector, The comet-like image near top right is a 


cosmic-ray induced event occurring m the detector optical components 





3 pixel blocks. The peak standard deviation is the mean 


achieved principally by scanning the target with a defocused 
beam and with carefully chosen alignment settings, permitting a 
much more stable scanning action. Other improvements in noise 
performance are obtained by making the second floodlamp 
exposure at a lower gain setting, thus reducing the effect of 
photon noise, and by increasing the level of this exposure from 
20% of saturation to 50%, at which level the random noise on 
the pedestal has been shown empirically to pass through a 
minimum value. 

Table 3 lists the camera performance before and after reop- 
timisation. The performance using SPREP is significantly better 
than that for TPREP. The photometric stability is considerably 
improved, the signal-to-noise ratio in the worst areas has been 
improved, and the random noise on the pedestal has been 
reduced, particularly in the case of the long wavelength redun- 
dant camera. Also shown in Table 3 is the camera performance 
derived from the photometric calibration images taken shortly 
after the end of the reoptimisation programme. The perform- 
ance of the short wavelength prime camera is comparable with 
that determined from the evaluation images taken as part of the 
reoptimisation work. However, in the case of the long 
wavelength redundant camera the performance seems to have 
degraded. The reason is not yet fully understood and more 
analysis remains to be completed. The apparent change may bea 
result of temperature transitions in the region of the detector or 
associated electronics which could cause a slight shift in the 
position of individual pixels on the scanning raster and hinder 
the removal of fixed pattern noise. 

FPREP, the fast target preparation sequence, is achieved 
using a single floodlamp exposure and carrying out the read 
operations at a scanning rate of 320,000 pixels s_', which is 64 
times the speed of the fastest scanning rate used in other modes 
and is considerably faster than the response time of the line 
deflection digital-to-analogue converter. The beam is not pulsed 
as it is in normal operation, but is held on continuously during 
the scan and the staircase waveform applied to the deflection coil 
is smoothed into a slope on which are superimposed spikes 
resulting from ‘glitches’ in the digital-to-analogue converter. 
These spikes give rise to a series of vertical bars, typically about 
10% of saturation, superimposed on the image and degrading 
the quality of the data. It had been thought that these bars would 
not be stable with time, preventing their removal by means of 
photometric correction, and Table 4 shows that FPREP is 
significantly inferior to SPREP in the case of the long 
wavelength redundant camera, though still quite adequate for its 
intended use. The performance of FPREP for the short 
wavelength prime camera compares favourably with that using 
SPREP. It remains to be seen whether the bars are stable in the 
long term. 

XPREP, which is used to remove the residual components of 
highly over-exposed images, is similar to FPREP, except that 
the floodlamp exposure level is four times larger, driving the 
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Fig. 4 Photographic representations of a raw camera image showing two 

low resolution short wavelength spectra of 8^ A Orionis (09.5 Vp, V = 

5.07), The upper spectrum was exposed for | s through the large aperture 

and the lower spectrum was exposed for 4 s through the small aperture. The 

spectra extend from ~2,000 to 1,150 A. The strong interstellar Lya absorp- 

tion line at 1,216 Å is clearly seen at the short wavelength end of each 
spectrum. 


target well into saturation and completely obliterating any 
residual images. XPREP is normally followed by SPREP in 
order to obtain a reproducible low-noise pedestal. It has been 
used on both the long and short wavelength cameras following 
exposures containing spectral lines that were over-exposed by 
factors of up to 1,000. Initial results show that all traces of 
residual image are removed, while control exposures using 
SPREP only show residual signal levels of several per cent in line 
images that were over-exposed by factors of ~1,000. 

The efficiency of IUE depends on the amount of overhead 
time associated with each exposure. In addition to the times for 
slewing and for target acquisition there are overheads associated 
with the operation of the cameras. As shown in Table 4 these fall 
into the categories of camera hardware overheads and ground 
control computer overheads. Considerable improvements were 
made to the latter during commissioning and further improve- 
ments are expected in the procedures by which the computer 
controls camera operations. Table 4 shows overheads for the 
two most commonly used telemetry rates, 20 and 40 kbits s`’. It 
is often possible to hide the overhead associated with SPREP 
and READ by performing them during a long exposure in the 
other spectrograph; SPREP may also be carried out during a 
slew. 


Background corrections 


There are several contributors to the background which are 
apparent in camera images. The first of these is the null pedestal 
discussed in the previous section. This pedestal is a zero offset, 
typically amounting to 15% of saturation, that must be sub- 


Table 4 Overhead time associated with camera operations 


Execution of Camera hardware 


procedure time Total overhead 

in ground at 20 at 40 at 20 at 40 
Operation computer kbits’' kbits'  kbits ' — kbits ' 
SPREP 10m 13 m 7m 23m 17 m 
FPREP or XPREP 4m lm lm Sm Sm 
EXPOSE 4m Om Om 4m 4m 


READ 10m 55m 3m 15 m 13 m 
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Table § Sample l-¢ noise in extracted spectra 
Camera Object Image Tmens (70) ro (%) 
| ¢ Oph LWP1031 4.2 1.9 
2 n UMa LWR1172 2.8 2.3 
3 7 UMa SWP1164 24 2.1 
4 č Oph SWR1031 3.6 I.8 





tracted from each image. Although there is in principle a 
time-dependent internal tube noise due to thermal effects and to 
phenomena such as phosphorescence in the image converter, in 
practice the tube background appears to be negligible for 
exposures as long as 5.5 h, which is the longest integration time 
attempted so far. 

During the passage of the satellite through the Earth's outer 
belt of trapped electrons there is often a significant background 
level in the data due to Cerenkov radiatior in the input window. 
There is apparently no effect on the stored image in the SEC 
tube when the camera is in the STANDBY or READ modes. A 
silicon diode ionisation counter on board the spacecraft serves as 
a real time monitor of the flux of electrons =1 Mev, which are 
those expected to penetrate the radiation shielding and produce 
Cerenkov radiation. Figure | shows the variation of the output 
of the counter during parts of two typical orbits. The main 
maximum always occurs before perigee as the satellite passes 
just above the peak of the outer belt on its way south. The 
second maximum occurs as the satellite passes north al a greater 
altitude. The result of the in-orbit calibration of the response of 
the cameras to this radiation is also shown in Fig. 1. Using this 
calibration and the real time output from the radiation counter 
the observer can arrange to terminate his exposure at a suitable 
background level. 

Figure 2 shows the statistics of the day-to-day variation in 
maximum radiation flux. From this figure it will be seen that for 
~40% of the time exposures of over 2 h are possible during the 
passage through the belt. During the remaining 60% of the 
orbits, there will be restrictions on the maximum exposure time 
for periods between 2 and 8 hours duration. The radiation level 
in the belt is expected to increase as the peak of solar activity is 
approached. 


Fig.S Photographic representation of a raw camera image showing 3 high 
resolution short wavelength spectrum of @~ A Orionis. The exposure was for 
5 min through the small aperture. Echelle orders in the lower left portion of 
the figure provide wavelength coverage to ~2,100 A while orders in the 
upper right provide wavelengths down to ~1,150 A. The broad interstellar 
Lya absorption line at 1,216 Å nearly eliminates two complete echelle 
orders. Numerous narrow interstellar lines can be seen but they should not 
be confused with the rectangular pattern of fiducial marks 
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Fig. 6 A selection of low dispersion short wavelength spectra obtained by 
IUE during the commissioning period. Some of the strongest lines are 
identified. a, 3C273; b, NGC7027; c, n Car; d, BD + 75°325. 


The only detectable sky background source is geocoronal Lya 
emission. This is evident in the example shown in Figure 3, 
which is a contrast-enhanced, low dispersion spectrum taken 
with the short wavelength redundant camera of the faint (B ~ 
14 mag) extragalactic object B2 1101+38 exposed for 4 hours 
during the commissioning phase. Here the geocoronal Lya 
emission, which fills the 10 x 20 arc s entrance aperture, can be 
distinguished easily from the object spectrum, which appears as 
a point source. There is no sign of background from atmospheric 
continuum emission or from other line emissions, such as the 
O1 multiplet near A 1304 or [O1] A 1356, which are known 
to peak far below the satellite altitude. There are some bright 
spots generated in the detectors themselves; residual optical ‘hot 
spots’ may fluoresce in the phosphor of the UV converter 
following the flooding of the preparation procedure, and phos- 
phor radioactive decay spots and internal ion events appear 
occasionally. Finally, cosmic-ray induced events, which exhibit a 
comet-like appearance, may occur in the detector optical 
components. These are distinct from the diffuse Cerenkov radi- 
ation background caused by trapped radiation. Cosmic rays 
usually produce small clusters of saturated pixels that must be 
ignored in analysis of the data. Clearly, it is important to use the 
basic pictorial data to distinguish real from spurious lines by 
verifying that any apparent feature is the same width as the 
actual spectral image. 


Photometric performance 


Figures 4 and 5 show representative raw images obtained with 
the short wavelength prime camera at low and high dispersion. 
These are photographic representations of the original camera 
images and are a standard data reduction product. For both 
figures the object is 8° A Orionis (09.5 Vp, V = 5.07), a bright 
early type star in the vicinity of the Orion nebula. For the low 
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resolution exposure in Fig. 4, spectra were obtained through 
both extrance apertures and the resultant spectra extend from 
~2,000 to 1,150 A. At the short wavelength end the interstellar 
Lya line at 1,216A is clearly seen. For the high dispersion 
spectrum in Fig. 5 the small aperture was used. The interstellar 
Lya line nearly eliminates two complete echelle orders and 
numerous narrow interstellar lines are also clearly visible but 
should not be confused with the rectangular pattern of fiducial 
marks which is used for the geometrical correction of the raw 
images. 

Several sample spectra, which have been extracted from 
camera images similar to those just discussed, are shown in Figs 
6 and 7. Figure 6 contains four low resolution spectra obtained 
with the short wavelength camera during the commissioning 
period. These spectra illustrate the great versatility of the 
instrument in observing a diversity of astronomical objects. A 
dynamic range of 18 mag in the incident flux can be covered by 
using appropriate exposure times and dispersion mode. In addi- 
tion to the samples shown here, IUE has obtained UV spectra of 
cool stars, other extragalactic objects, standard stars, and Solar- 
System objects, including Mars, Jupiter, Uranus, and the Moon. 
Spectra ranging from a pure emission line object in the planetary 
nebula NGC7027 to a smooth continuum source in the hot star 
BD + 75°325 are shown in Fig. 6. The presence of some noise 
due to quantum statistics and residual system noise is evident, 


Fig. 7 A selection of high dispersion stellar spectra from order 106 of the 

short wavelength echelle spectrograph, The two strong absorption lines of 

O t and Si 1i are primarily interstellar. The glitch on the left in HD153919 is 

produced by one of the camera fiducial marks which are about 3 pixels wide. 
a, n UMa; b, ¢ Oph; c, HD153919,; d, HD93521-. 
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Fig.8 Inverso absolute sensttrvity curves for the short wavelength cameras 
in bow dispermon. Multrphcanon of the indicated values by the imearsod ffux 
numbers obtained from the COMPARE data extraction program and 
drvimon by the exposure tune yrelds absolute fluxes for continuum sources in 
ergem”*s * ÅT? The curves are for the short wavelength redundant 
camera as used during the high priority observations and for the re- 
optimised short wavelength prime camera as it now being used for routine - 
observing. As the data rectoctron system scales fluxes differently for the two 
-cameras, those curves should not be used directly for ostrmatmg exposure 
times The real sensitrvity difference between the prome and redundant 
cameras 13 only about a factor of two a, SWR(4); b, SWP(3) reoptimsed 


particularly in BD +75°325. The emission at t,216 A is typically 
present in long exposures at low dispersion and is due to 
resonant scattering of solar Lya in the geocorona as discussed 
earlier. Note that in the quasar 3C273 the intrinsic Lya and CTV 
1,550 A emissions are shifted longwards by the redshift z = 
0.158. 

Part of order number 106 from the short wavelength echelle 
spectra of four stars is shown in Fig. 7. Strong interstellar lines of 
O 11,302.17 A and Si 11 1,304.37 A are evident. Some variation 
in line position exists, because wavelengths are not corrected for 
velocities external to the spacecraft and because n UMa and 
HD153919 were observed in the large aperture, where pointing 
uncertainties cause wavelength errors. In n UMa, note the 
stellar features that are broad and shallow, in contrast to the 
sharp interstellar lines. The background used to find the net 
response in Fig. 7 was measured between the orders, where 
there is some residual due to lack of complete separation of the 
echelle orders at these wavelengths. Consequently, the cores of 
the interstellar lines tend to lie below zero. Improvements in the 
data processing system will be needed to correct this. 

There are at least seven sources of noise in the [UE data: (1) 
quantum noise in the detected photoelectrons; (2) noise in the 
individual intensity transfer function (ITF) curves used to 
linearise the raw data values and reduce them to flux units; (3) 
inaccuracies in aligning the stellar images with the flat field 
images of the [TF sequences, so that each pixel uses the exact 
ITF curve intended; (4) random system noise in the tube readout 
and telemetry; (5) pseudo-periodic noise from other spacecraft 
subsystems; (6) noise in the pedestal level, which is the zero 
signal charge on the target after the camera preparation 
sequence, and (7) radiation background. The radiation back- 
ground is discussed above and can be neglected for the short 
exposures described here. Care must be exercised to subtract in 
a smooth way any backgrounds present in the gross signal; 
otherwise, additional noise can be introduced by the data 
reduction. Table 5 lists some one-o noise levels per sample point 
in IUE gross extracted spectra, where (mses includes noise from 
sources 1—6. The values of og are the quantum noise expected 
from the number of photoelectrons required to produce a net 
signal of 90% of saturation. For the spectrum of n UMa 
obtained with the long wavelength redundant camera, the 
measured noise approaches the theoretical value. In the other 
cameras, the measured noise is about twice the theoretical limit. 

The low resolution data best define the photometric 
reproducibility of the TUE system, because the background can 
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be measured reliably on either side of the spectrum. Studies of 
the photometric stability were therefore made by taking low 
dispersion spectra of the same star (HD90753, B3 Iv, V= 
6.7 mag) at periodic intervals in the large slot of each spec- 
trograph. These data were obtained from 21 March-15 May 
1978, and indicate a change in the sensitivity of the system. Over 
the full 55 days, the data showed decreases in sensitivity of 5% at 
1,400 A and 12% at 1,700 Å (taken with the short wavelength 
prime camera) and decreases of 5% at 2,150A and 9% at 
2,750 A (taken with the long wavelength redundant camera). 
The reasons for these changes are not yet anderstood and they 
will continue to be investigated as part of an overall programme 
to maintain a photometrically calibrated srstem. 

Preliminary absolute sensitivity curves far low resolution IVE 
spectra have been obtained by observing hot stars with absolute 
energy distributions established from previous satellite and 
rocket observations. This procedure was preferred to a pre- 
launch calibration, as major efforts have been undertaken in the 
UV to calibrate existing satellite data’®. The only extensive set 
of UV flux measurements available that covers the entire 
wavelength range spanned by IUE is the absolute OAOQ2 
spectrophotometry''’*. Therefore, we have chosen to relate the 
preliminary IUE sensitivity curves to the absolute spectropho- 
tometry on the OAO 2 system. Figures 8 ard 9 show preliminary 
inverse sensitivity curves for all four cameras. The curves for the 
long wavelength redundant and short wavelength prime 
cameras apply to their re-optimised performance. The curves 
for the long wavelength prime and short wavelength redun- 
dant cameras are as they were used during the high priority 
phase of the scientific commissioning. The quantity plotted, 
Sy) (ergcom™° Å FN), and the absolute flux, AK 
(erg cm~? A! §~), are related by 


Rasi? —— 


where t is the exposure time in seconds and the IUE flux number 
(FN) is the linearised extracted net specum. Because of the 
details of the linearisation that produces FN, the sensitivity 
curves do not represent actual differences between cameras. The 
curves plotted are for large aperture exp sures and a 10 pixel 
high spectral extraction with the program COMPARE. For 
small aperture exposures, where the light bss will depend on the 
telescope focus and the object positioning these curves can only 
be used in the relative sense. The are based on short 
exposures (~0.6—-28) of u Columbae (<1D38666, V =5.17) 
timed with the aperture select mechanism in order to avoid 
uncertainties associated with the rise and fall times of the camera 
high voltage. The timing uncertainty associated with this 


Fig. 9 As for Fig 8 but for the long wavelenzth cameras a, LWP(1), 
h, LWR(2) reoptumsed. 
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mechanism may approach 10% for the shortest exposures. The 
sensitivity curves of Figs 8 and 9 imply short and long 
wavelength limits at about 1,150 and 3,200 A, respectively. 
These sensitivity curves were obtained using preliminary 
intensity transfer curves to linearise the raw camera responses 
and a data extraction system that requires revisions. They should 
permit the transformation of IUE data into the OAO 2 spec- 
trophotometric system with a relative accuracy of ~10%. 
However, the final result is also subject to the additional 
uncertainties of the OAO 2 absolute calibration, which seems to 
be accurate to about +5% for A>1,800A and +20% for 
A <1,800 A. Figure 10 shows the result of using the derived 
short wavelength redundant camera calibration to compute a 
stellar flux distnbution. The bump near 1,500 A 1s located just 
where the OAO2 flux distributions lie furthest above the 
measurements of the TD-1 satellite and other experiments’®. 

Because of its importance, a completely independent cali- 
bration, based on the same principles as above but using the 
TD-1 (S2/68) absolute fluxes as standard, was carried out 
during the commissioning phase. This is described by Boksen- 
berg et al.°, and shows differences from that above (for example, 
it does not produce a bump near 1,500 A) and further work is 
needed to establish the best sensitivity curves for general IUE 
use. In the work described in the following papers, both of these 


early calibrations have been used, that based on TD-1 for the. 


interstellar* and extragalactic® work, and that based on OAO 2 
for the rest™ 77., 


Data reduction 


Figure 11 shows the flow of the various types of images through 


the major steps of the data reduction system. Wavelength 
calibration lamp images are the emission line spectra from the 
on-board Pt-Ne source. Sequences of flat field images allow the 
nonlinear intensity transfer function (ITF) to be measured for 
each pixel in the image field. The standard star mages are used 
to determine the absolute instrumental sensitivity by 
comparision with previous rocket and satellite spectra. 

The first manipulation performed on each image is a 
geometrical transformation to make each pixel in each image 


Fig. 16 a, The IUE spectral response for HZ43 produced by the image . 
processing system after ITF correction. 5, The absolute fix estumate for the 
object after application of the prelimmary absolute calibration. 
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Fig. 11 The flow of mages through the IUE spectral umage processing 
system, showing the major image processing and data reduction tasks to be 
performed on each type of umage. 


refer to the same point in the focal plane at the camera faceplate. 
This removes the distortion inherent in the electron optics of the 
SEC tube, and hence the spectral orders are straightened out so 
that simpler fitting functions can be used to find the orders. 
However, in doing this transformation the data have been 
resampled, which results in some smoothing, each pixel in 
the transformed image being the linearly weighted average 
of the four. adjacent pixels in the raw image. The next 
step is the photometric or ITF correction, which involves each 
point in the.768 x 768 pixel image being transformed with its 
own ITF curve. There are 12 levels of exposure in the ITF tables, 
with multiple images averaged together at each exposure level to 
reduce noise. Each pixel of the image being reduced is corrected 
by interpolation in its own 12-point table. The result is an image 
that is related linearly to the input flux on the camera, but has 
had no wavelength-dependent sensitivity corrections applied. to 
it. 

The next step is to extract the spectral data from the images. 
The location of the spectrum must be determined and this is 
obtained from known emission lines in the spectrum of the 
Pt-Ne calibration lamp, whose position, order number, and 
wavelength are fitted to the dispersion equations given above. 
When spectra are taken through the large entrance aperture, the 
wavelength scale derived from Pt—Ne calibration images 
obtained through the small aperture must be shifted linearly by 
about 30 pixels. In this case, the zero point of the resulting 
wavelengths may be slightly in error due to uncertainties in the 
exact centering of the target image within the 10x20 arcs 
aperture. After wavelengths have been assigned, the extraction 
of the spectrum is accomplished by passing one pseudo slit witha 
height of 5 diagonal pixels along the orders and another pseudo 
slit 1 diagonal pixel high between the orders. The inter-order 
background is smoothed:and subtracted from the spectrum. This 
net spectrum must still be corrected for the system sensitivity. In 
high dispersion, a ‘ripple correction’ is applied to remove the 
effect of the echelle blaze. The data are then multiplied by the 
system sensitivity curves derived from standard stars. 

Several problems remain in the data reduction as of May 
1978, one of the major ones being the proper separation of the 
high dispersion orders. In the extraction of the high dispersion 
spectrum the smoothed interorder background is subtracted. 
This is adequate for the orders that are far enough apart for the 
inter-order background to be a true measure of the local back- 
ground. However, as the order separation decreases at the 
shorter wavelengths, the inter-order background becomes an 
over-correction in both spectrographs. A major complication is 
that a variation of step size caused by the dynamic refocus 
voltage in the cameras makes the echelle orders deviate from 
straight lines, even in a geometrically corrected image. There- 
fore, in the refocus regions the pseudo slits that track the 
spectrum and the interorder background tend to lose or gain 
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signal, respectively. Thus, a small dip of typically 10% in an 
extracted spectrum becomes an even larger. error when the 
anomalously high inter-order background is subtracted. Clearly, 
much more work is needed on this and other outstanding data 
reduction problems before an adequate image processing 
system is available for guest observers. 


IUE observatory operations 


The IUE observatory consists of the flight system plus’ the 
ground system. The flight system includes the spacecraft, the 
telescope, and the scientific instrumentation. The ground system 
includes the NASA IUE operations control centre at Greenbelt 
and the ESA’s Villafranca satellite tracking station. The IUE 
observatory is designed to make maximum use of the continuous 
contact offered by the geosynchronous orbit. Guest observers 
are able to come to the observatory’s science operations centres 
and actively participate in the real time control of their obser- 
vations. In addition, the guest observer may take advantage of 
observing opportunities as they arise. Experienced resident 
astronomers and other observatory staff members assist the 
guest observer by providing advice on program planning, 
instrument operation, and data processing techniques. A guest 
observer usually arrives at the appropriate ground station a few 
days early to become familiar with the operations and data 
processing systems and to plan the final details of the observing 
program in consultation with resident astronomers 

The real time operations interface between the guest observer 
and the IUE is an interactive control and display terminal. This 
is manned by a telescope operator who is a specialist in space- 
craft mano¢uvering, target acquisition and instrument opera- 
tion The guest observer also sits at the display, and in consul- 
tation with the resident astronomer and telescope operator, 
directs critical aspects of the observation, including target 
acquisition, instrument operation, and data evaluation. The 
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interactive display provides the observer with all the informa- 
tion needed to plan slews, and also presents the field of view of 
the telescope to allow target identification. A quick-look spec- 
trum is displayed as soon as the image is transmitted to the 
ground, and this allows the observer to evaluate the data quality 
and decide whether to repeat the observation or proceed to the 
next. The reduced data are available in the form of photographic 
reproductions of the raw and corrected images, verification plots 
of intensity versus wavelength, and magnetic data tapes. These 
materials are normally delivered to the observer 1 or 2 days after 
the observation. 

Observers are given exclusive rights to their observations for 6 
months after receipt of their data. The only exception to this rule 
is the right of an ESA observer to request full data on a duplicate 
target observed during a previous ESA shift. After 6 months, the 
data are deposited in the national space science data centre at 
Goddard Space Flight Center and in the data centres of the UK 
and the ESA. These data are available on request. Observers 
will be encouraged to use the data centres, rather than need- 
lessly repeat observations; they may also find it advantageous to 
collaborate with other astronomers having similar observing 
programmes so that their combined observing time can be used 
to the greatest advantage. 
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During the commissioning phase of IUE observations were 
made of a selection of hot stars: the white dwarf HZ43, the 
hot subdwarf BD + 75°325, the nucleus of the planetary 
nebula NGC6826, the dwarf nova SS Cygni, and the 
peculiar object n Carinae. The observations were made in 
the low dispersion mode and the data have been reduced 
using a preliminary calibration. The results are presented 
and discussed for each object. 
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THE IVE now provides the opportunity for major advances in 
the study of hot stars at UV wavelengths. The ability to detect 
faint sources now permits: (1) the study of hot, subluminous 
stars which as a group represent the avenues to the endpoints of 
evolution for the great majority of stars; (2) the study of hot, 
massive stars in external galaxies (the Magellanic Clouds); and 
(3) the study of hot stars (and their surroundings) which are 
heavily reddened by the interstellar medium. Another basis for 
this opportunity is the provision for complete spectral coverage 
from 1,150 to 3,200 A, which permits: (1) a detailed study of a 
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Fig.1 Relate fux drstmbution of HZ43 Two abscusac are grven. below, 
data pomt number of the spectrum extracted from the image; and abors, the 
_ wavelength. The break m the spectrum near 1,230 A 1s due to a reseau 


spectral region usually inaccessible to Copernicus, roughly 
1,450-1,800 A, which contains several lines (for example, C Iv 
AX 1548, 1550; He N à 1640; NIV å 1719) which are very useful 
diagnostics of the physical conditions in hot stars; and (2) the 
study of flux distributions of hot stars over a wavelength interval 
wide enough to distinguish differences. Finally, the imaging 
capability of IUE yields an efficiency and, potentially, a freedom 
from time-dependent errors associated with scanning spec- 
trometers. This capability permits programmes of study based 
on repeated observations of variable hot stars, such as the Ap 
stars, binaries and pulsating stars. 

During the commissioning period of TUE a sample of hot stars 
were chosen for observation. The main criterion for selection 
was that they should represent classes of hot stars deserving 
thorough study but, by virtue of their faintness, were previously 
inaccessible to UV spectroscopy. Because of the short time 
allotted for these observations it was decided to concentrate on 
the hot, subluminous stars but to try to sample as many types of 
this class as possible. In addition, the object n Car was selected 
because of its peculiarity and heavy reddening. All spectra were 
obtained at low dispersion and have a nominal resolution of 6 A. 
Table 1 lists the stars observed. 

The emphasis of the work described here was to assess the 
usefulness of IUE low-dispersion spectra to conduct studies of 
hot stars. However, hot stars were observed at high dispersion 


during the commissioning period as parts of investigations 


concerning X-ray sources’ and the interstellar medium’. 


Observations and reductions 


Table 2 lists some of the observational data: the object, the 
image number, date of observation (day number of year 1978), 
the entrance aperture (small or large), the exposure time and 
comments about the quality of the spectrum. Most of the latter 
are based on an inspection of photographic reconstructions of 
the raw spectral data which allow qualitative assessments of such 


characteristics as general exposure level, system focus, systema- _ 


tic noise, and effects of particle radiation. The exposure levels of 
most spectra seem to be near optimum. In the short wavelength 
spectrograph, the small decline in system sensitivity towards 


Fig. 2 Relative flux distribution of BD +75°325 
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shorter wavelengths is compensated for by the characteristic 
increase in flux of the hot, unreddened stars under study here. 
Hence, one well-exposed spectrum is useful for the full spectral 
range, from ~1,150 to 2,100 A. The same generalisation holds 
true to a lesser extent for the long wavelength spectro- 
graph covering the spectral region from 2,100 to 3,300 A. The 

generally show a low background level, and except 
for SWP 1141, which was obtained when the telescope was 
pointed near the Earth’s limb, geocorona! Lya is not present. 


wW À 
1,150 1,400 650 ae 





F(A)/K (1,800 A) 


Data point 
Fig. 3 Relative flux distribution of NGC6826 


The spectral images were reduced by a process, still under 
development, described in the preceding article*. Any error in 
the zero-point of the wavelength scale was then removed by 
assigning the laboratory wavelength to an identifiable feature, 
such as Lya. This procedure was possible for all spectrograms 
except for those of Car where no features were readily 
identifiable. The net spectrum was converted to absolute flux 
units with the preliminary system sensitivity functions derived 
from standard star observations (described in ref. 3). This 
sensitivity function tends to produce a swell near 1,500 A and it 
is possible that this is ultimately due to the OAO 2 calibration, 
which formed the basis for this preliminary calibration. When 
applied to the spectral region below 1,200 A where the spectral 
response is dropping rapidly, this early calibration is much less 
accurate and the data below Lya in the following figures should 
be treated with caution. 


Tabie 1 Hot stars observed by IUB 


' Spectral y 
Object type (mag) Notes 

BD+75°325 sdO 9.5 

HZA43 DAwk 12.8 EUV source 
NGC6826 « O3f 10.5 Central star of 

planetary nebula 
SS Cyg G+em Hnes 9.1% Dwarf nova 
11.0* 
„y Car pec 6.2 UV-IR object 


* Magnitude estimated from FES counts at trme of observation. 


HZ43 


The white dwarf HZ43 (spectral type DAwk) has long been 
known to be one of the hottest objects from ground-based 
observations*~. In recent years, it has been an object of 
considerable interest because it was the first extra-solar source 
of EUV radiation to be detected®’. The IUE spectrum of HZ43, 
shown in Fig. 1, shows no obvious spectral features other than 
Lya. This is consistent with the interpretation that HZ43 is a 
white dwarf in which gravitational separation has already taken 
place so that hydrogen would be the only observable element in 
the stellar atmosphere. The Lya feature observed here is pro- 
bably essentially stellar rather than interstellar in origin, as the 
star is close to the Earth (about 60 pc)*® and the gravity of the 
star is high (log g# 7.7) (ref. 10). Although Lya is the only 
prominent feature, there appears to be ‘fine structure’ in the 
spectrum near 1,720 A, which if confirmed could be ascribed to 
N Iv. 
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Tabie 2 Low dispermon spectral mages obtained by IUE 


Date Start 


Object Image” (day 1978) (Gurr) 
BD + 75°325 SWR 1024 4} 14.27 
LWP 1024 41 19.40 

HZA3 SWR 1057 57 07.51 
NGC6826 SWR 1058 57 11 50 
12.14 

LWR 1138 72 06.08 

SS Cyg SWR 1050 57 15 51 
16.23 

SWP 1141 72 22 42 

y Car SWR 1060 57 00 16 
LWR 1026 58 23 12 


* Images are designated 
wavelength prime camera, LWR = long-wavelength redundant camera 


The IUE flux distribution indicates a black body temperature 
between $0,000 and 100,000 K with negligible interstellar 
extinction, values that will be improved when the system is fully 
optimised and calibrated. Auer and Shipman’® from EUV and 
visual data estimate that the stellar parameters lie between the 
following limits: Te = 55,000 K, log g=7.7, M =0.4Mo and 
T.a = 70,000 K, log g = 7.9, M =0.5Mo. 


BD + 75°325 


At a visual magnitude of 9.5, BD + 74°325 (spectral type sdO) is 
one of the brightest hot subdwarfs in the sky and has been 
studied in detail by Peterson’’. The only prominent lines in the 
visual spectrum are due to hydrogen, helium and nitrogen. The 
IUE spectrograms show a similar picture: absorption lines of 
He n, NIV and N V are strong, while lines of C 11] and CTV are 
below the threshold of detection. The long wavelength spectrum 
(not shown) indicates that the Paschen series of He N is stronger 
than in young O stars like { Pup’?, probably due both to helium 
enrichment and to Stark-broadening. The short-wavelength 
spectrum, shown in Fig. 2, indicates that nitrogen lines are 
strong, totally in absorption, and apparently at their: rest 
wavelengths. The absorption in the spectral region, 1,600- 
1,750 A, 1s real and most probably includes He 1141640. There 
is no evidence for the presence of the C Iv resonance doublet at 
1,550 A. The apparent emission feature shortwards of Lya is a 
noise spike. 

In her study of the visual spectrum of BD +75°325, Peter- 
son’! found that it was impossible to construct an LTE model 
atmosphere which predicts the observed characteristics of the 
star: the ionisation equilibrium between N II and N rv implies 
the atmospheric parameters, Tan = 55,000 K, log g=5.3 and 
Nus/ Nix ™ 0.6, while the helium lines imply the parameters 
Ta = 45,000 K, logg=53 and Niy./ Nix = 0.6. It is probable 
that much of the discrepancy is due to non-LTE effects. If so, it is 


Fig. 4 Comparison of IUE spectrum of NGC6826 with Copernicus spectra 
of { Pup and o Per The Copernicus spectra have been smoothed by a 


runomg box average whose width corresponds roughly to 6 A. 
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L 15 Zero-point of wavelength scale uncertain 
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Fig. 5 Reiatrve fux dutnbution of SS Cyg near quiescence 


important to obtain line strengths and profiles of important 
transitions of helium and nitrogen. High-dispersion spectra of 
BD +75°325 could be obtained easily by IUE and should pro- 
vide useful constraints on the physical properties and chemical 
abundances in the stellar atmosphere 


NGC6826 


Figure 3 shows the short wavelength spectrum of NGC6826. 
The spectrum of the central star of this planetary nebula clearly 
has a high excitation, as would be expected from its visual 
spectral type of O3f (ref. 13). The most prominent lines are the 
resonance lines of N V A1240 and Crv A15S0, as well as OV 
A1370 and N Iv A1718 which arise from excited levels. The UV 
spectrum is very similar to that of the young star { Pup™*, also an 
early Of star, with the strong lines all having P-Cygn profiles 
which indicate mass-loss from the central star. The interaction of 
the stellar wind with the surrounding nebula would be an 
interesting topic to pursue. 

Although the stellar contribution is dominant, the spectrum of 
this object is a composite of stellar, nebular and interstellar 
spectra. Nebular emission of C 111 A1909 is clearly visible and 
fills the large aperture (10” x 20”). Nebular and/or interstellar 
absorption is also present: the strongest such feature, at 
1,305 A, is undoubtedly a blend of O I, Sill and P II resonance 
lines, all of which are of too low ionisation to belong to the stellar 
atmosphere. Figure 4 compares the spectral region containing 
this feature with degraded Copernicus U2 spectra of ¢ Pup, 
which has very little reddening (E(B — V) = 0.03), and o Per, a 
B110 star with heavy reddening (E(B — V)=0.32). Note that 
the A1305 feature does not appear in ¢ Pup but does appear in 
the spectrum of o Per with a strength comparable with that in the 
spectrum of NGC6826. If the relation between hydrogen 
column density and reddening given by Bohlin’* is used with the 
colour excess derived from Kaler’®, a value of ~107° cm” is 
obtained which is rather low for the observed line strength. 
There is therefore a possibility that some of the 1,305 A feature 
may be nebular in origin but because of the loose nature of the 
correlation between hydrogen column density and reddening, 
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this would need to be established by other evidence. If the 
presence of nebula absorption lines were confirmed, for exam- 
ple, by high dispersion spectra, it would provide an important 
new tool for abundance analysis. | 


SS Cygni 


The properties of the dwarf nova, SS “YB and dwarf novae in 
general have been reviewed by Warner’’: since when, it was 
discovered** and confirmed’ that SS Cyg is a soft X-ray source. 
The general explanation for these properties is that dwarf novae 
are binary systems in which material is being transferred from a 
low-mass secondary, through an accretion disk, to a white~dwarf 
companion. The ‘hot spot’, where the stream of transferred 
matter collides with the disk, and the disk as a whole are 
responsible for the UV and visual radiation. 

UV spectra of SS Cyg were obtained on two occasions during 
the commissioning phase of IUE: the first during outburst, and 
the second near quiescence. The two spectra, which are shown in 
Figs 5 and 6, show the effect of an outburst. The most outstand- 
ing change is an increase in the continuous flux at outburst 
causing a reversal in the appearance of the Crv A1550 
resonance doublet: near quiescence, it is an exceedingly strong 
emission feature, while during outburst it is a weak absorption or 
P-Cygni feature:' In addition, emission at N V A1240, Sirv 
A1400 and He 0 A1640 are visible near quiescence, while during 
outburst these lines either disappear or go into absorption. The 
great strength of CTV emission near quiescence is important as 
an indicator of physical conditions in the disk, 

A second change is an apparent increase in colour tempera- 
ture during the outburst as e ed from UV photometry of 
SS Cyg by Holm and Gallagher’. The [UE spectra are similar to 
a black body temperature near 40,000 K during outburst 
maximum, and about 30,000 K near quiescence. As the inter- 
stellar extinction of this object is minimal (E(B — V)= 0.08) 
(ref. 20) these estimates should only slightly underestimate the 
intrinsic black-body colour temperatures of SS Cyg in this 
wavelength range. Of course, these values should be treated 
with caution because they are highly dependent on the absolute 
calibration, and they are not directly translatable to physical 
temperature until the mechanism of emission (probably optic- 
ally thick free—free emission) and the range in physical condi- 
tions within the ‘disk are specified. 


n Car l 

One of the most remarkable ated in the shy i is the star (or 
starlike object), 7 Car. Listed as a 4th mag star in Bayer’ $ atlas 
of 1603, it brightened in the early 1800s until in 1843, it 
outshone every star in the sky except Sirius. For the past century, 
it has hovered between about 6th and 8th mag. The evolutionary 


status of this object is-not understood, and theories about its. 


nature?! are diverse, ranging from the hypothesis that it is a 
young, massive star cither approaching the main sequence or 
somewhat evolved from it, to the hypothesis that it is a non- 
thermal or non-stellar object, such as a supernova remnant. Its 
present spectrum™™* in the visual, consists of a continuum on 
which are superposed numerous emission lines (both permitted 
and forbidden) of Fe 11, Cr u, Ni 1. Na I, and so on, as well as the 


Fig- 6 Rolative flux chstributién of SS Cyg dunng outburst. 
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Fig. 7 Relatrve fha distributions of » Car 


hydrogen Balmer series. According to Rogers and Searle‘, the 
continuum contributes 70% and the emission lines 30% of the 
visual radiation. The object is ‘heavily reddened both by inter- 
stellar material in the line of sight and by circumstellar gas and 
dust. 

The IVE spectra of n Car, shown in Fig. 7, indicate that the 
UV spectrum is very complicated. One of the most outstanding 
characteristics.is that the spectrum appears to change from an 
emission-line-dominated spectrum at longer wavelengths to an 
absorption-line-dominated spectrum at shorter wavelengths., 
According to Rogers and Searle, there are only a few spectral 
windows in the visual region of the spectrum which are free of 
emission lines, and in these regions the continuum is featureless. 
However, in the far-UV region from 1,150 to 1,600 A, there 
appear to be about 30 absorption features visible, but it is not 
clear at this stage whether these are real or whether they are 
simply regions where there are no emission lines. 

Another unusual characteristic of the UV spectrum is a flux 
discontinuity, near 2,400 A. Although interstellar extinction 
must play a part in depressing the flux in this spectral region, the 
drop is too precipitous to be ascribed totally to the interstellar 
A2200 extinction bump. Possibly it is due to a chance lack of. 
emission lines below 2,400 A. In any case, the discontinuity 
greatly increases the difficulty of inferring the amount of extinc- 
tion from the observed UV flux distribution. 
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Initial IUE observations of four cool stars are reported. 
Observed fluxes and surface fluxes are given for several UV 
emission lines in the spectral range 1,1 75-2,000 Å, 
obtained at low and high dispersion with the short- 
wavelength spectrograph and camera. These lines are 
formed in the outer atmospheres of these stars, in regions 
presumably analogous to the solar chromosphere and 
transition region. The surface fluxes in the lines increase 
along the sequence: quiet Sun, £ Eri, A And, œ Aur, and 
HR1099. The 2.8-d RS CVn-type binary HR1099, 
observed on 1 March 1978 near the end of a major flaring 
episode, has line surface fluxes ~ 100 times that of the quiet 
Sun, similar to those seen in solar flares. Line profiles and 
flux ratios in multiplets for Capella are presented, and 
comments given on the opacity of the lines and on a 
tendency of line width to increase with temperature of 
formation. 





THE IUE has made it feasible to study for the first time UV 
spectra of many late-type stars. These emission-line spectra 
originate in chromospheres, coronae, and circumstellar 
envelopes, and they contain information about mass loss from 
late-type stars. Before IUE, Copernicus and rocket- and 
balloon-borne experiments could study only the strongest lines 
in a few very bright stars. Here we present observations of a Aur 
(Capella), A And, HR1099, and e Eri. These data were obtained 
during the science commissioning phase of IUE and Table 1 
gives the circumstances of the observations. Although these data 
were obtained before reoptimisation of the telescope and 
detectors, they indicate the ultimate capabilities of IUE. In this 
first sampling of cool stars, we have chosen those expected to 
have bright emission-line spectra and have concentrated on the 
1,175-2,000 Å region, where most of the important emission 
lines are located. 


a Aurigae (Capella) 


Capella is a double-line spectroscopic binary system, consisting 
of a G5 III primary (Capella A) and a GO III secondary (Capella 
B)'. It was chosen as the first IUE scientific target because it is 
easily identifiable and is known to have several bright UV 
emission lines. 

Evidence for a chromosphere in at least one component 
consists of emission cores in the Ca II H and K lines’, the Mg Ith 
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(A2803) and k (A2796) lines’, and H 1 Lya*”. Using the Ca Il and 
Mg II line fluxes and identifying the chromospheric spectrum 
with Capella A**, Kelch et al.’ derived a model for the 
chromosphere and upper portion of the photosphere of this star. 
Material at temperatures above 20,000 K is indicated by UV 
emission lines of C I-IV, Si I-IV, N V, and O vi*™. Haisch and 
Linsky”’ have interpreted these data in terms of a geometrically 
narrow conductively heated transition region similar to the 
transition region in a solar plage. Even hotter material is 
indicated by X-ray observations’” and possibly by the observed 
strong He 1 A10830 absorption’’. The very recent HEAO-1 
observations of Cash et al.'' are consistent with a 10’ K iso- 
thermal plasma with solar composition. 

In the two exposures obtained of Capella on 9 February 1978, 
the large aperture (10" x 20”) included nearly all of the slightly 
out-of-focus stellar image. The first image was a high-dispersion 
exposure of the long-wavelength spectrum (1,900-3,200 A) 
with the prime camera (image LWP 1022). This spectrum shows 
the Mg I1 AA2796, 2803 lines in emission and the photospheric 
absorption line spectrum well exposed for 2,530-2,880 A and 
3,100-3,270 A, but largely overexposed for 2,880-3,100 A. 
The second observation was a high-dispersion exposure of the 
short-wavelength spectrum (1,175-2,100 A) with the redun- 
dant camera (image SWR 1022). Qualitatively this consists of 
emission lines shortwards of 1,600 A, and a photospheric 
absorption-line spectrum with superimposed emission lines at 
longer wavelengths. This spectrum is shown in Fig. 1 with the 


Fig. 1 Short-wavelength high-dispersion raw spectrum of Capella (image 


SWR 1022) in the IUE echelle format. Important emission lines are 
identified. 
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important emission lines identified. Table 2 lists measured 
wavelengths of emission lines or blends and the spectrum orders. 
Also included are proposed identifications giving ion, multiplet 
number, and laboratory wavelength based on the solar line lists 
of Burton and Ridgeley’? and Doschek et al. The relative 
wavelength scale was obtained from a previous Pt-Ne lamp 
exposure, but with 140.3 kms™’ added to fit optimally the 
measured wavelengths of the 13 bright single narrow emission 
lines. This correction allows for errors in the grating dispersion 
constants and for the stellar radial velocity ‘and heliocentric 
motions, but it prevents a velocity measurement of the emission 
line spectrum relative to the mean velocity of the binary system. 
The measured wavelengths of all bright single identified lines 
agree with the laboratory wavelengths to within 0.05 A. 
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Relative line fluxes were determined by subtracting the 
background and the stellar continuum if present, and then 
integrating the net signal across the emission lines. These fluxes, 
in IUE flux units, are given in Table 2 for a Aur and for a 
preceding 45-s exposure of the standard star n UMa obtained 
with similar observing parameters. Where stellar or interstellar 
absorption lines are present in the 7 UMa spectrum, we inter- 
polated between continuum regions on either side. Dividing the 
two spectra provides the best means of estimating fluxes at Earth 
for Capella, corrected for the echelle blaze characteristics and 
variable detector sensitivity with position. We have assumed the 
n UMa absolute fluxes of Code and Meade™, again interpolat- 
ing eg absorption features where necessary shortwards of 
1,400 A... 


Table 1 Summary of observations 


Bmary 
period Phase 
Star Spectral typo My (d) (d) 
a Aor G5 m + GO m 0.09 104.023 77.670 
(Capella) TI T91 
A And G8 m-rv 3.88 20 5212 13.438 
13.715 

HR 1099 G5 v! 6.0 2.83782 2.4488 
s Eri K2 v 373 = 





' Exposure 
mktpomt 

Image no. Dispersion GD 244+) (min) Comments 
LWP 1022 High 3549 321 3 
SWR 1022 High 3549 442 70 
SWR 1044 High 3560 146 240 Underexposed 
SWR 1045 Low 3560.423 152 
SWR 1065 Low 3568.783 100 i 
SWR 1067 Low 3569.383 38 Underexposed 
SWR 1069 Low 3569.619 140 


Table 2 Exmuasion ines observed in Capella 


Measured Frox Surface Surface ftux 
wavelength Spectral ttikcaton FWHM IUE fax at Earth flux (a Aur/quiet 
(A) order 100 à (À) (A) a Aur „n UMa" (erg om7? 5") Sun Comments. 
1,175.26 117 Cmif4) 1,175+ 8.00} 7.4) Very uncertain 
1,206454 © 34 S:mf2) 1,206 51 1544 84% 2.0(-118 6 64) 204 Uncertain due to 
l ; Lya spillover from 
; ' ; adjacent order 
1,215.58§ 113 Hx) 1,215 66 151 2.45) | 
113 OV 1,218 39 — l Not apparent 
1,237 28§ 111 ? ; 5.403% . 2.7(5) 2.X-12)} 9.40) Uncertain 
1,238.70% 111 . Nv) 1,23882 075 104% 2X5) 5.0(-124 1 64% 323 
111 [Fe xu] 1,242 03 o eee Not apparent 
1,242.80 111 Nv{i) 1,242.80 067 3.800 ' 445) ‘1.3(-12)8 4.103) 12% 
1,302.14 106 Om) 1,302 17 0.50 1.6(4) 4,2(5) 6 5(—12) 2.1(4) 17 
1,304.83 106 Omg) 1,304.86 0.55 1 6(4) 3.2(5) 8 2(—12) 2 7(4) 
1,304 85 105 O10) 1,304.96 0.48 11(4) ‘ 1.8(5) 1.0111) 3.4{4) 20 Near edge of order 
1,305.98 106 O12) 1,306 03 0 58§ 1.24%  2.7(5) 7.7(-12)8 2.5(4 Obecured by blemish 
1,306.05 105 O) 1,306 03 041  13(4) 2.5(5) 8.6(—12) 2.8(4) 
1,334.55 103 Caf) 1,334.53 0.85 ~ 3 2{4) 4.0(5) 1.323-11) 4.2(4) 20 
1,335.69 103 Cal) 1,335.66 078 4,0(4) 4,4(5) 1 5(~11) 4,8(4) 
103 [Fe xu] 1,349.38 i : Not apparent 
1,355.50 102 OXI) 1,355.60 0.364 343A  3.2(5) 1.7(-12)8 5 5) 17§ 
102 On1(1) 1,358.51 aa Present but weak 
1,393.75 99 Sml) 1,393.76 0.63 22(4) >- 35(5) | 9.2(-12) 3.04) 17 
1,401.37} ' 988 Orn 1,401 16 0 964 1.4% ° 2.95) ~° 6.4(-12) 2.14) 1604 
1,402 76 98  Sirv{l) 1,402.77 071 2.0(4) 3.1(5) 9,$(~12) 3 1(4) 47 
1,404.65 98 Orv 1,404 81 . 3.5(5) a Possibly present . 
1,548.20 89 Crv(1) 1,548 20 1.02 4.1(4) 1.05)  — 2,8(—11) 9.3(4) 25 
1,550 80 89 Cw) 1,550.77 075 2.0(4) 2 (5) 1.3(-11) 4 4(4) 21 
1,560.88 88 C13) 1,560 6t 0 24§ 7 6{2) 1.4(5) 7.013) 2 a E: 
1 561.38 8&8 C1(3) 1,561.4t 038$ 2 3(3) 1.5(5¥ ` » 2 (12) 6.603) 
1,563 52 88 Fen(45) 1,563.79 1 7(5) ; Possibly present 
1,640.47 84  Heni2) 1,6404t 053 1 5(4) 2 05) 74-12). 2 64) ° 20 Additonal features 
at 1639.93 (possibly 
a due to Fe n 1640.15) 
: and 1640 98 
1,657.15 83 C0) 1,657.1t 2.17 2.3(4) 2.1(5) t.1(—11) 3.7(4) 7.0 Peaks at 1656 33 (due 
. p 1, _ to C1 1656.27) and . 
l at 1657.80 (dus to 
f C1 1657 91) 
1,808.05 | 76 = Su) 1,808.01 0.42 334) 3.5(5) 8 1(-12) 2.7(4) 4.0 
1,816.93 76- Sin(1) 1,816.93 043 £ 
1817.36 76. Sin(l) - 181745 1.06) 356) 25011) 8.3(4) 8.3 
1,892 00 733 Sm(l) 1,892 03 0.69 8 4(4) 3 3(5) 1 9(-11) 6-24) =. oF l 
1,908 71 72, Cm 190873 - 0.54 3.5(4) 3 %5) 6.5(—12)- 2 1(4} to i 
1,992 88 69 ? 032 1.1(4) 3 95) 1 7(-12) 5 6{3) t. ' 
1,993.59 69 C1(32) ` 199362 0.28 1 6(4) 4.1(5) 24-12) TIG = fi 
AE R E A E 


* Per Å interpolated to ime centre rf necessary to avoxd absorption lines 


+ Multtplet, 


wavelength 
t Line not m emission in spetrally-everaged solar spectrum. 


$ Uncertain. 


given s for the mean of the solar emission feature. 
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For stars with a bright continuum like 7 UMa, inter-order 
light is not a good measurement of the background because it 
includes the spillover of light from adjacent orders, especially in 
the short-wavelength portion of the spectral format, where the 
orders are most closely spaced. We have therefore determined 
the background for n UMa as a linear function of position 
perpendicular to the echelle dispersion direction such that the 
flux in the centre of the interstellar Lya line is zero and the 
background equals the inter-order signal between the two 
longest-wavelength orders, which are the most widely 
separated. 

Surface fluxes (fluxes per unit area at the stellar surface) for 
Capella are derived from the measured fluxes at Earth and an 
angular diameter for Capella A of 0.0072" (ref. 2). These surface 
fluxes were then divided by the corresponding quiet Sun disk 
average values of Rottman (personal communication), which 
were obtained near solar minimum. 

Inspection of unsmoothed line profiles is a good way of 
assessing the quality of the IUE observations of cool stars. The 
Lya line shown in Fig. 2 is very well exposed, with signal-to- 
noise ratio ~30 near the peak. However, the interstellar hydro- 
gen absorption feature does not reach zero intensity at line 


12,000 


Relative flux 





1,201 1.215 1,219 
Wavelength (A) 


Fig. 2. Reduced profile of the Capella Lya line in relative TUE flux units. 
Location of interstellar features due to hydrogen and deuterium Lya is 
noted. 


centre and interstellar deuterium absorption barely appears, 
indicating a degraded spectral resolution due to telescope mis- 
focus at the time of this early observation. 

Weaker lines permit measurement of line fluxes and widths, 
but not details of the line profiles. The C IV lines in Fig. 3 have 
signal-to-noise ratio ~8 near their peaks and an integrated line 
flux ratio of 2.1, compared to the solar ratio of 1.8. The OI 
resonance lines shown in Fig. 4 have a similar signal-to-noise 
ratio to the C IV lines, except for the A1306 line which is located 
near the end of order 106. Finally the C 11 lines shown in Fig. 5 
have peak signal-to-noise of perhaps 6, yet the line fluxes and 
line flux ratio can be fairly accurately measured as there are 
about 220 pixels per line. 


€ Eridani 


This bright K2 V star was observed as a prototype late-type 
dwarf and also as a single star against which to compare the 
binary systems Capella, A And, and HR1099. Emission in the 
cores of the Ca 11 and Mg 1 resonance lines had earlier provided 
evidence for a chromosphere in this star. From measured surface 
fluxes 2.3 and 1.6 times those in the average quiet Sun for Ca H 
and Mgll, respectively, Kelch'*: derived a chromospheric 
model, | 

We obtained two low-dispersion short-wavelength obser- 
vations (see Table 1), but here discuss only the well-exposed 
SWR 1069 image. This spectrum was calibrated using the 
preliminary sensitivity curves for this camera’®, and is compared 
with the quiet Sun spectrum of Rottman (personal com- 
munication) degraded to the low-dispersion resolution in Fig. 6. 
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Fig.3 Reduced profiles of the Capella C rv AA 1548, 1550 lines in absolute 
Rux units. 


Except for the relative weakness of the continuum at long 
wavelengths, which is expected for the cocler star, the spectrum 
of e Eri is qualitatively similar to that of the Sun. The broad, 
saturated feature which covers the stellar Lya and Si NI A1206 
lines is due to geocoronal Lya emission filling the 10" x 20" large 
aperture. 

Table 3 lists the emission features that clearly show up above 
the noise, their identification, and the fluxes at Earth. Only those 
features which appear in two or more stars are included. For 
analytical purposes, the most interesting quantities are the 
surface fluxes, which we determine from zn angular diameter of 
0.00229” derived by the V—R relation o” Barnes and Evans’ 
The surface fluxes for e Eri and for the average quiet Sun are 
listed in Table 3. 


A Andromedae 
A And is a single-lined spectroscopic binary with a period of 
20.5 d and is a long-period RS CVn-type binary variable. This 
star shows bright and variable emission cores in the Ca Ii (ref. 
18), Mg H, and Lya lines which may be a consequence: of the 
primary filling a significant fraction of its Roche lobe'?, We 
obtained both high- and low-dispersion short-wavelength 
images of A And. The high-dispersion image is underexposed, 
but it weakly exhibits emission in the following lines: Lya; OF 
AA1302, 1304, 1306; C H AA1334, 1335; C Iv AA1548, 1550; 
He 11A1640: Si n AA1808, 1817; and Si11A1892. As a result of 
the faintness of this exposure, we observed the star again but in 
low dispersion. This spectrum was calibrated in a manner similar 
to that of e Eri and is shown in Fig. 6. Table 3 gives line fluxes 
and surface fluxes, for which an angular diameter of 0.00274" 
was assumed. 

The low-dispersion spectrum was obtained at spectroscopic 
phase 13.751 d with respect to the orbita elements of Walker” 
à And has a photometric period of 50-55 d. In unpublished 
UBV photometry Hall found that A And was brightest on JD 
2,443,360 and 2,443,420. Thus our observations were obtained 
very near photometric maximum, when -UE was observing the 
unspotted and presumably least active hemisphere. 





1,300 as | 7 eT 
Wavelength tA} 


Fig. 4 Reduced profiles of the Capella O1 A444302, 1304, 1306 lines in 
absolute flux units. 


Table 3 Emission ines observed at low dtspermon 


Flux at Earth (erg em~? s~!) 
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Surface ffux (erg an~? s~*) 


wW 
(A) Identification HR1i009- ° A And 
1,175 C m(4) 4,4{(-13) 3.0-13) 
1,215 Hı SAT SAT 
1,240 N v(1)+[Fe xa]? 1 4-13) 1.X—13) 
1,263 Sı 11(4) 43(-14)* 2.5(—14)* 
1,276 Crbl 2.4(—14y* 3.2(-14y* 
1,281 C15) 6.4{-14) = 
1,304 O 1(2) ” 6,0(-13) 2.1(-12) 
1,335 Cn(1) 9 0-13) 6.7(—13) 
1,357 O1(1) 6 7(-14) 2 5(-13) 
1,371 O  4.0(—14) 3.1(-14)" 
1,382 Fen+Alm 2 1(-14)* 3 2(-14)" 
1,394 Sı rv(1) 2 3(-13) 3 2(-13) 
1,403 Sirv(1)+Orv . 2.3(-13) “§.0(—-13) 
1,425 Fe 0(47)+S 1(5) 2.4(-14)* 1 2(—13) 
1,433 C1(65)+$ 1(5) 6.0(—14) 3 1—14% 
1,470 C1(36)}+S 1(4) _ §5,8(-14) 8 8(—14) 
1,482 $1(4)+8 1G) " 6.3(-14) ae 
1,530 Sin(2) ' 1 5(-13) 47(-14) 
1,549 Crv(1) i 1 3(—12). 1 8(-12) 
1,561 C1(3)+Fe n(45) 1 4{-13) as 
1,640 He n(12)+ Fe n(43) 6.0{—-13) 1.0{—12) 
1,657 C1Q}+Fen 3.6{—13) 5. H-13) 
1,670 AlnQ)+O m+Fen 8.4{—14y* 3.3(-13) 
1,686 Fe m(40) 4.4(-14) 5 2(-14y* 
1,696. Fo n(38) r 7.7(-14) 4.5(-14) 
1,714 Fenbl 5 2(-14) 5 H—-14) 
1,725 Fenbi §.2(-14) 4.9(-14)* 
1,748 Ni a(S) . 6 H—14) 8 i(—14) 
1,763 Fe n(101)+C at 2.8(-14)" 
1,788 Feu 4.7{-14) 8 5(—14) 
1,808 Sı (1) 2 1(-13) - 7 1(-13) 
1,817 Si (1) 5 1(-13) SAT 
1,842 Fe 0(65) 2.8(-14) 3 2(—14) 
1,855 A] m(1)+ Fe 01(63) 8.1(-14) 9 7(-14) 
1,863 Al m(1)+Fenbl 7 4(-14) 1.1(-13) 
1,892 Sı un(1) 1 5(—13) 2 5(-13) 
1,900 S 1(1)+Fe 8.9(—14) - 1 9-13) 
1,909 Cm 1 7(-13) 1.3{-13) 
1,931 C1(33) 7 2(-14) 7 5(—14) 
1,948 Fe 1(123) 8 4(-14)* 2.8(~14) 
1,993 C (32)+ Fe 10(81) 2 4—14) 1.7(—13) 
* Uncertain 
HR1099 


Bopp and Fekel*’ pointed out that HR1099 is a double-lined 
spectroscopic binary, and is.one of the shortest-period RS 
CVn-type binaries. They show that the Ca n H and K and Ha 
emissions are due mainly to the primary star. HR1099 also 
shows Lya, Mgilb and k, radio, and X-ray emission” ™*, We 
observed this object on 1 March 1978, towards the end of the 
most intense flaring episode yet observed for this system”. The 
observed spectrum of HR1099 is shown in Fig. 6 and fluxes are 
given in Table 3. From the G5 V spectral type”, we derived 
V-R = 0.61 and hence an angular diameter of 0.000644". Our 
observation occurred 2.4488 d after conjunction”’, when the 
primary, and presumably more active, component was near 
maximum velocity of approach”’. . 


Discussion 


Detailed analysis and atmospheric modelling of these data will 
be reported elsewhere, and both deeper exposures and obser- 
vations at different phases of the binary targets would be helpful. 
In the meantime it is important to discuss and assess these new 
data qualitatively. 

First, there is no clear evidence of 10° K or hotter material in 
the 1,175-2,000 A spectral region, but as only very weak 
coronal lines such as [Fe XII] AA1242.03, 1349.38 occur in this 
spectral range, this conclusion is not unexpected. These lines do 
not appear in the quiet Sun disk spectrum but they do. appear off 
the limb above active regions and during flares” . The hottest 
plasma clearly identified in our data has a temperature of 
2.6X10° K, as indicated by the O v A1371 line in HR1099 and 
A And. However, we point out that the broad feature at 1,355 A 
in HR1099 and ascribed to O 1 (1) 1355.6 and A1358.5 could 


HR1099 À And z Eri Son 
— 1.86) 8 43) — 1 6(3) 
SAT . is aa sis 2.1(5) 
1 4(-13)" 5 7(4) 5.303) 4.503)" 8.5(2) 
2.1(-13% 1 8(4y* 7.027 6.80)" 1.1(3) 
9 H~14)* 9.83) 8.92)" 3.2(3)* 5.2(2) 
1.2(-13)° 2.6(4) 2 3.93)" 
4 6(~13) 2.5(5) 5.9(4) 1.5(4) 4.0(3) 
47(~13) 3.7(5) 1.9(4) 1 5(4) 4.6(3) 
aos 2.7(4) 7.0(3) me 3.4(2) 
a 1.6(4) 8.6(2)* So ; 
— 8.6(3)" 8.9(2)* — 
1 5(~13) 9.44) 8.9(3) 4 %3) 1,7(3) 
1.8(~13) 9.4(4) 1 4(4) 5.8(3) 7 8(2) 
1,3(~13¥ 9 8(3)" 3.3(3) 4 2(3)* 
9.014% 2.5(4) 8.602)" 2.9(3)" 210) 
1.7(~13)" 2.4(4) 2.5(3) 5.503)" 5.202) 
1.5(~13)* 2.64). = 4.903)" 5 30) 
1.9(-13)" 6.2(4) 1.303) 6 203)" 2.3(2) 
5 3(~13) 5 3(5) 5 O(4) 1.7(4) 5.803) 
3.7(-13% 5 7(4) = 1.247 2 003) 
4.(-13). 2.5(5) 2.8(4) 1 6(4) 1.3(3) 
3.6(-13) 1.5(5) 1.6(4) 1 2(4) 5.303) 
8.8(-14)* 3.44f 9.20) 2.9037 1.50) 
6 1-147 1 8(4) L5G)" 2.202)" 
1.7(-13) 3 2(4) 130) 5.503) 
2 4-14)" 2 1(4) 1.6(3) 9.402)" 
8 7(~14y* 2 1(4) 140)" 2.806)" 
=i 2 8(4) 2.3(3) ae 
8 8(-14)* = 7.82%" 293)" 
= 1 X4) 2 43) — 
3.3(-13) 8.6(4) 2.0(4) 1.1(4) 6.10) 
9,4(~13) 2 1(5) = 3.1(4) 1 4) 
— 1.1(4) 8.9(2) _ 
= 3 3(4) 270) z 
= 3 0(4) 3.1(3) ai 
7 U-14) 6 2(4) 7.0(3) 2.3(3) 
1 2(~13) 3 7(A) 5.303) 3.9(3) 
— , 7.044) 3 6(3) — 
9.6(~14) 3 04) 2 1(3) 3.103) 
1 2(-13) 3 4(4) 7.8{2) 3.93) 
6.6(-14) 9.8(3), 47(3) 2.1(3) 


include a contribution due to [Fe XXI] A1354.1, which is bright 
in solar flares”. 

Second, there are important qualitative differences among the 
five spectra shown in this paper (Figs 1 and 6). In both the Sun 
and Capella the photospheric absorption-line spectrum is 
clearly present at wavelengths longwards of 1,500-1,600 A, but 
is very weak in the cooler stars. It is likely that Capella B is 
mainly responsible for the observed photospheric spectrum of 

Line ratios often vary strongly from star to star. To facilitate 
comparison, Table 4 lists the ratios of accurately measured line 
surface fluxes to corresponding values for the average quiet Sun. 
Average values are given for ions whose lines are formed in 
similar temperatures ranges”, and we have included Lya, Ca H, 
and Mg II data from other sources. 

There are several trends in these data. First, the O I resonance 
lines are often much brighter than the other chromospheric 
(T <10* K) lines, and the Hen A1640 line is often much 
brighter than the other transition-region (T > 3 x 10* K) lines. 
The OF! anomaly is probably due to the Lyg pumping 
mechanism that operates in a Boo” and the Sun”, and the He n 
A1640 line can be formed by recombination following photo- 
ionisation of He I by A < 227 A coronal photons™. Thus, when 
the OI and He I lines seem anomalously bright, one may infer 
that these fluorescent processes are more important compared 
to collisional excitation than in the Sun. : 

In e Eri the chromospheric and transition-region lines, except 
for He n A1640, are all about three times as bright as in the Sun; 
hence, the basic'structure of the outer atmosphere of this 
prototype K dwarf bears similarities to that in the Sun. The 
factor of 3 increase in brightness of the chromospheric lines has 
been explained by a steeper temperature gradient in the lower 
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chromosphere’*>, which results in higher densities and thus more 
collisional excitation of the lines If the transition region in « Eri 
is geometrically thin and conductively heated as in the Sun, then 
the stren ogth of its lines is proportional to the transition region 
pressure and this pressure should be a factor of 3 larger in s En 
than in the quiet Sun. A And is similar to s Eri except that there 
seems to be twice as much material in the transition region. 


Tabie 4 Line surface fluxes/average quiet Sun 


lons Temperature s En Aà And a Aur HR1099 Ref, 
Cy, S41 Sin 465x10 24 42 49 70 Ths work 
O 1 AA1302, 4, 6 ~6xi0° 38 16 19 63 Thrs work 
Can, Mg o ~6X10° 20 46 37 50 2, 15, 22 
Lya 2x10% 13% 39% 1.57 50* = 5, 22, 26 
Cu,Cm 45-9x104 33 47 20 100 Thr work . 
Hew ~8x10* 12 22 20 190 Tha work 
Crv,Siv,Nv 083x10 44 95 26 84 — Thu work 


* Uncorrected for interstellar absorption. 


Capella and HR1099, by comparison, are very different from 
the quiet Sun. Capella shows considerably more material in its 
transition region than the Sun, whereas HR1099 shows large 
enhancements in both the transition region and the chromo- 
sphere. Since the surface fluxes for HR1099 are enhanced over 
the quiet Sun fluxes by a factor of 10’, similar to the typical 
enhancement of permitted lines during solar flares™, a solar-like 
flare may have covered most of the stellar surface or a far more 


intense flare may have covered a small portion of the surface 


during this episode. 

Third, for Capella the line surface fluxes for ions formed at 
T>3%x10*K are typically 20 times larger than for the quiet 
Sun. By comparison, Vitz et al.” obtained values only 10 times 
larger than for the quiet Sun. This apparent factor of two 
discrepancy is due mainly to the different angular diameters for 
Capella A assumed here (0.0072”) and by Vitz et al.* (0.0094) in 
converting observed flux to surface flux. Measured fluxes at 
Earth are in good agreement (within 15%) for the AA1206, 
1240, 1305, and 1550 features, but the TUE values are about 
65% larger for the AA1335 and 1397 features formed by the C 1 
and the Si IV and O Iv lines. We cannot say with certainty at this 
stage whether the discrepancy in the AA1335 and 1397 fluxes is 
due to measurement error or represents real changes in the 
emission from Capella. We suspect, however, that the dis- 
crepancy results from the preliminary nature of our calibration 
scheme, as the A1550 fluxes, due mainly to C Iv, agree and there 
is no evidence for large changes in emission-line fluxes with 
phase except for O VI. 

Fourth, in the high-resolution Capella spectrum there is no 
systematic trend in wavelength residual with ionisation potential 
or presumed temperature of maximum abundance. Thus we see 
no evidence for the onset of a stellar wind at temperatures of 
100,000—-200,000 K, as previously seen in the O v1 A1032 line 
(formed at 300,000 K) by Dupree’ at phase 38.2 d. 


Pig. 5) Reduced profiles of the Capella C n AA1334, 1335 hnes m absolute 
frux units 





Wavelength (A) 





Fig. 6 Low-dispermon short-wavelength spectra cf a, HR1099, b, A And, 

and c s En in absolute flux units are compared with the quet Sun (d) 

spectrum degraded to 6 Å resolution Important Imes are identfied The 

stellar Lya and Si ot 41206 Imes are covered by saturated goocoronal Lya 
ornerOn 


There is, however, a significant increase in line width 
with ionisation | apes pes 0.28 A), O 1 (0.47 A), 
Si u (0.43 A), C u (0.82 ‘sim. ae } C 11 (0.54 A), Si rv 
(0.67 A), C rv (0.89 A), and N v (0.71 A). These widths, except 
for CI and N V, are probably accurate to +10%. This trend 
sugeests that turbulent motions increase with height in the outer 
atmosphere as occurs in the Sun’? The Cul and Cry lines 
appear to be anomalously broad compared to the trend, perhaps 
due to significant optical depths in these lines. 

In Capella, the emission lines are all single, as would be 
expected at phase 77 711d (based on the orbital elements of 
Batten and Erceg“ when the radial velocity difference between 
the two stars is very small. Also, no lines seem to show & narrow 
component (from Capella A) superimposed on a broader 
component (from the more rapidly rotating Capella B)**’. Thus 
we cannot ascribe the observed spectrum to a specific star on the 
basis of our data alone, but instead rely on previous work?” for 
evidence that Capella A is the emitting star. 

Finally, line flux ratios for O 1A1306/41304/A1302 and CII 
A1335/A1334 in Capella are close to unity and similar to the 
solar ratios, unplying large optical depths in the lines. On the 
other hand, the Crv A1550/A1548 ratio is 2.1, similar to the 
solar ratio, 1.8, and to the ratio of gf values for the lines, 2.0 We 
conclude that these lines must be effectively thin (not ther- 
malised), but that the anomalous width of the lines may be due to 
optical-depth effects. The Sill A1817/A1808 ratio 1s 3.1 in 
Capella, 2.8 in e En, and 2.4 in HR1099, compared to the gf 
value ratio, 2.0. The fact that these ratios are in excess of the 
optically thin value is at first sight surprising, but may be 
explained if the lines at 1,808.4 and 1,816.9 become optically 
thick whilst the 1,817.4 component remains optically thin. 
Photons may then be transferred from 1,804.4 to 1,817.4, thus 
increasing the ratio of 1,817.4 plus 1, 816.9 to 1 808.4 A. 
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Results from a preliminary study of interstellar absorption 
lines in the spectra of the three stars HD149757, HD93521 
and HD153919, observed by the IVE during its com- 
missioning phase are presented. They demonstrate the 
capabilities of the IUE for interstellar research. Results 
from a preliminary study of the emission line spectrum of 
the planetary nebula NGC7027 are outlined and used to 
study its interstellar reddening. 





THE IUE with its wide spectral coverage, roughly 1,150- 
3,200 A embracing many of the resonance lines of the common 
elements, its excellent sensitivity throughout this band, and its 
large resolving power of 10* when used in the high dispersion 
mode, is a unique instrument for studying the interstellar 
medium. Atomic species that can be observed include H 1, D1, 
Be i-u, B-m, Cr, Cu, Civ, Ni, Nv, OIÑ, Nal, Mg I-t, 
ALII, Sit-iv, Pi-1, Si-ni, Cli, Cal-u, Scm, Til-ii, 
V int, Cri-u, Mn I-H, Fei-, Col-l, Nil-H, Cu I-H and 
Zn t-il. In some cases, such as C I, Cu, OF, Sil, Sil, Fe H, not 
only the resonance lines, but also lines originating from excited 
fine-structure levels within the ground state are accessible. In 
addition to the atomic species, several diatomic and polyatomic 
molecules which are thought to be abundant in interstellar 
clouds have lines within the IUE band. Obvious candidates for 
such observations are OH, CO, C; and CH; the first, with its 


0028-08 36/78/0275-~-037850 1.00 


transition near 3,080 A, and the last, with its transitions near 
3,137-3,146 A, are also accessible from the ground. Some of the 
rarer molecular species which still might be detected in favour- 
able circumstances include H20, MgH*, CH;, CO”, NO, NO’, 
SiO and CS. 

In the low dispersion mode IUE can also provide important 
new information about the absorption and scattering charac- 
teristics of interstellar dust. 


Fig.l Observed spectrum of HD149757 without background and echelle 

ripple correction. The section of the spectrum contained in orders number 

110-118 of the short-wavelength spectrograph is plotted showing strong 

narrow absorption lines due to interstellar C1, Sin and Su. The features 

indicated by R are due to fiducial marks. Vertical lines mark the ends of 
echelle orders. 
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Fig. 2 Spectrum of HD149757 contamed in orders number 90-89 of the 


showmg strong absorpbon Hnes duc to 
interstellar Mn 0 and Fe m 


During the commissioning phase of IUE the spectra of three 
stars, HD93521, HD149757 and HD153919, were obtained in 
order to study their interstellar absorption lines. As a fourth 
target the planetary nebula NGC7027 was observed in order to 
study its emission line spectrum. Table 1 lists these targets and 
the observations obtained. 

The star HD149757 (¢ Oph) has been selected as a prime 
target for the study of interstellar absorption lines for many 
reasons. It is a bnght source, it has been exceedingly well studied 
in the UV, in particular by the Copernicus satellite’, thus 
providing an excellent basis to demonstrate the IUE capabilities 
in comparison with these other instruments. It also has a large 
H, column density, suggesting that other molecules might be 
found along this line of sight. As the Copernicus observations 
did not cover all UV wavelengths equally well, the IUE obser- 
vations will extend the earlier data. 

HD93521 was observed as a photometric standard as well as 
for the study of interstellar absorption lines. It is one of the few 
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Fig. 3 The spectrum of HD149757 tn the neighbourhood of the C1 

_ 41656.928 line, corrected for the inter-order background. Note the strength 

of the absorpton Hnes originating from excited levels within the ground state 

of C1 (and ™ indicate 1st and 2nd excited levels) The wavelength scale 

plotted z the one aasigned duning the data redachon process. The laboratory 

wavelengths mdicated on the figure have been shifted by a constant amount 
of —0 25 A to correct for an offset in this scale. : 


early type stars known to be at a large distance from the galactic 
plane at z = 1,570 pe. Also, its interstellar line spectrum shows a 
multiple component structure with a velocity separation of 
several tens of kms™' (ref. 2), which is resolvable by the IUE. 

HD153919 was primarily observed as it is the optical coun- 
terpart of an X-ray source (3U1700—37); and ıs discussed by 
Dupree et al.’ in the following article. However, it is one of the 
most highly reddened stars observed by IUE during the com- 
missioning phase making it an excellent candidate for a search 
for interstellar absorption lines from rare species. 


Absorption lines in the spectra 


We now. present illustrative results from a study of interstellar 
absorption lines in the spectra of the three stars HD149757, 
HD93521 and HD153919. The analysis is preliminary and 
based on data that had not been fully processed at the.time: 
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HD149757 


Figures 1 and 2 show two 30A bands at 1,250-1,280 A and 
2,575-2,605 A extracted from the short-wavelength and long- 
wavelength spectrograms. The first of these covers the echelle 
orders 110-108 in the short-wavelength spectrograph and the 
data are uncorrected for the echelle ripple. The second covers 
the orders 90-89 in the long-wavelength spectrograph. In both 
cases, the strong interstellar lines from S H. Si N, Mn and Fen 
are clearly visible and have an equivalent width of the order of 
100 mA: In Fig. 3 is plotted a 3A segment of the short- 
wavelength spectrogram around 1,657 A where several C I lines 
occur from either the ground level proper or from excited levels 
within the ground state term. The equivalent width of the CI 
A1656.928 line is ~70 mA. Note that the wavelength scale 
plotted is the one assigned during the data reduction process. It 
has an offset of AA = 0.25 A which has been taken into account 
when locating the expected line positions. 

In Fig. 4 the data for five spectral lines observed by the 
Copernicus satellite are compared with those observed by the 
IUE. These lines and their equivalent widths as measured by 
Morton! are Sm A1190.206 (67mA), Sim A1190.418 
(132 mA), P n A 1301.87 (15.6 mA), O I à 1302.169 (201 mA) 
and Mg II A2802.704 (290 mA). The Copernicus profiles have 
been obtained by averaging two, three and two scans, respec- 
tively, whereas the [UE data are from a single image. Figure 4 
demonstrates that the resolution of the IUE as compared to the 
Princeton spectrophotometer is somewhat degraded but that 
features separated by 0.2 A can still be clearly resolved. Also 
note the much lower noise in the Mg II A2802 line, as observed 
by the IUE. 
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Tis. á Comparison of spectral ime profiles as observed by the Copernicus 
satellite (Morton 1974) and by IUE in the spectrum of HD149757 The IVE 
wavelength scale has not been corrected for an offset. 


Table 2 shows a comparison of the equivalent widths 
measured by the two systems. A statistical assessment shows 
that the IUE values are on average 10% higher than Copernicus 
and the r.m.s. deviation of the ratio of the two is +16%. This 
agreement is very satisfactory, particularly as the IUE data 
reduction and calibration were in their early stages and most of 
the large differences do occur for lines which are at present 
difficult to measure on IUE spectra. 
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Table 1 Targets for interstellar hne observations 





» ft IVE observations 
Image 1 Image 2 Image 3 
Object (Vv) (SpT) <(E(B-V) > 1 2 3 4 1 2 3.4 1 2 3 4 
HD93521 6 89 09 V 0.03 SWR HR SA 30 
HD149757 2 56 O9V 0.32 SWR HR SA 22 LWP HR SA 2 LWP HR SA 7 
HD153919 6 55 O6f 0 58 SWR HR LA 100 LWP HR LA 30- 
NGC7027 10 — ~ SWR LR LA 60 LWR LR LA 120 LWR HR LA 180 


* 1, Camera, 2, Spectrograph, 3, Aperture, 4, Exposure time (min). 
LWP, long-wavelength prime; LWR, long-wavelength redundant; SWP, sbort-wavelength prime, SWR, short-wavelength redundant 
HR, high resolubon; LR, low resolution SA, small aperture; LA, large aperture. ` 


HD93521 : : 
To study interstellar matter well above the galactic plane, the 
halo star HD93521 has been observed. It ıs located at b7 = 62° oa A j 


at a distance of 1,778 pc, giving z = 1,570 pe. The absorption 
lines originating from the local gas and the high.z gas have a 
large velocity separation. The strongest components occur at i 3 
v(heliocentric)= —12 km s~’ and —56kms7' with additional 

components at +5 kms and —34 km s™°° (see ref. 2). For the 
strongest two components the HI column. density is 2x 
10’? cm~? and 8 x 10'° cm™ (ref. 4). H, has been detected in the 
—12 kms’ component’. 

Figures 5 and 6 show the absorption line profiles as observed 
by IVE. For comparison the Ca n K-line profile measured by 
Minch and Zirin“ is included in Fig. 5. In plotting the IUE 
results we have kept the wavelength scale as assigned during the 
data reduction process but shifted the marks that indicate the 
expected line position by —56kms” and —12koms™ with 
respect to this scale. The main components are clearly seen in . 
the CI A1277.245, Cu A1334.532, Cm A1335.708 and Su L 3 
à 1259.520 lines. In these cases the —56 kms™° component 
seems to be weaker than the —12 kms’ one, consistent with the 2 2 
optical and HI results. In the case of the Si n A1190.418 and 
S mI à 1190.206 lines the same may hold but a deconvolution of l l 


1,55] 


IUE-FN (x 10?) 





| 243 


Fig. 5 Line profiles in the spectrum of HD93521. The top left plot is a a an 
reproduction of the Ca n K-hne shape as observed by Münch and 1,393 1,394 1,402 1,403 
The main absorption coarponeats occur at —12 kms” and —56kms ° The Wavelength (A) 
expected positions of those components m the UV Imes observed by TUE are 
shown i 


Fig.6 As Fig. 5, except that interstellar absorption lines originating from 
tightly ronsed species have been plotted 





7 6 the observed profiles would be required to demonstrate this. An 
a R enhanced strength of the —56 kms * component which is asso- 
g PE ciated with the gas at z = 500 pc (refs 2, 4 and 6) is apparent in 
p; > ` the Al mm à 1854.720 line. The same may be true for the CIV 
i 2 ee «4 A1550.774 and Sirv AA 1393.755, 1402.769 lines. However, 
= the N V AA 1238.821, 1242.804 lines do not seem to follow this 
= trend. Indeed there is no strong evidence for the presence of 
EEFE 1278 interstellar N V. : 

3 4 HD153919 
HD153919 was observed primarily as an X-ray source and a 
2 3 more extensive discussion of its interstellar characteristics is 
pe given by Dupree et al.*. It shows the richest interstellar absorp- 
> | tion line spectrum of the three stars observed. Not only are the 
x lines considerably stronger than those in the spectrum of 
= i HD149757, which is expected from the higher reddening, but 
k 1,334 1,335 1,335 1,336 the lines also indicate a wider range of ionisation along this line 

D 


peee nd 
“a: 


— 


from excited levels within the ground state are strong in this 
spectrum, This is even more evident from Fig. 9, where we have 
1,259 1,260 1,190 1,19] plotted the spectrum in the neighbourhood of the C 1A 1656.928 

Waveléngth (A) line. Figure 10 shows the evidence for the more highly ionised 


of sight. Most noticeable is the strength of the lines arising from 

3 is such highly ionised’ species as C rv and Si IV. 
10 Figures 7 and 8 show'two 30 A sections of the spectrum of 
2} 8 HD153919. Strong narrow absorption lines from singly ionised 
species like Si 1, P 11, Mn N and Fe 1 are clearly visible as well as 
4 the CIV lines at 1,550 A. As indicated in Fig. 7, lines arising 
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Fig. 7 Observed spectrum of HD153919 with neztber background nor 


orders number 90-89 m the short-wavelength 
evidence for strong interstellar absorption lines duc to single as well as 
multiple lonised species 


species such as Si mi, Al I, C TV and Si Iv. The presence of N v 
remains doubtful. X-ray ionisation of the interstellar medium 
local to this source might explain the presence of these high ion 
stages”. 


Emission lines in the spectrum of NGC7027 


NGC7027 has been selected as a prime target for the study of its 
emission lines in the UV on several grounds. First, it was known 
to exhibit a strong UV line spectrum from the work of Bohlin et 
al.*. These data have been obtained with a rocket-borne 33 cm 
telescope feeding a spectrograph that yielded 46 A mm™ dis- 
persion in the 1,300-2,900 A region. Second, with its angular 
size of 10 arcs, the nebular image fits nicely in the 10 20 arcs 
entrance slot of the IUE spectrograph. Third, and perhaps most 


TUE-FN (x 10°) 


2,580 2,585 2,590 2,595 2,600 2,605 


Wavelength (A) 


Fig. 8 As Fig 7, except that a 30 Å secton from the long-wavelength 
spectrogram of HD153919 has been plotted, showing the great strength of 
the Mn n and Fe n lines (see Fig. 2). 
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important, NGC7027 is now the one planetary nebula for which 
the emission spectrum has been studied all the way from the 
radio band’, through the near IR (10-12.5 um (ref. 10); 4-8 pm 
(ref. 11); 2—4 um (ref. 12); 0.8-2.7 um (ref. 13)), the optical 
(Kaler et al.'* discuss the entire band from 3,050 to 8,600 A), 
into the UV. These extensive data should provide an excellent 
basis for the detailed comparison with model calculations for 
this planetary nebula. 

NGC7027 was observed three times with IUE. Low resolu- 
tion spectra of the long-wavelength and the short-wavelength 
range and a high resolution spectrum of the long-wavelength 
range were obtained. Figure 11 shows the low resolution spec- 
tra. The intensities have not been corrected for the IUE sensi- 
tivity response but the zero point of the wavelength scale was 
corrected on the basis of identified lines. 

The most notable feature in the spectrum is the great strength 
of the emission lines, most of which are readily identified. These 
are listed in Table 3, together with preliminary flux values. The 
fluxes were determined from sensitivity curves derived from 
observations of standard stars as described by Boggess et al.” 
but with the TD-1 (S2/68) fluxes as standard™. The relative line 
intensities within each spectrum should be accurate to better 
than +30% for the stronger features, and roughly +50% for the 
weaker ones, except for A > 3,100 A where the sensitivity is low 
and the +50% error applies to all lines. To combine the data 
from the two spectral ranges, the long-wavelength data were 
fitted to the short-wavelength data by using the intensity of the 
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Fig. 9 The spectrom of HD153919 m the neighbourhood of the Cı 

à 1656.928 line. Note the great strength of the absorption Imes originating 
from excited fine structure levels withm the ground state of C1. The 
wavelength scale ts the one assigned during the data reduction process 


C m A 1909 line which is seen in both spectra. A comparison of 
these results with those from other experiments shows excellent 
agreement with the intensities as observed by the ANS satel- 
lite” for the C TV A 1550 line, and consistent agreement with the 
results from the rocket experiment of Bohlin et al.*, which are, 
however, systematically smaller, by a factor of ~2. For A> 


Table 2 Equrvalent widths for strong koes in the spectrum of HD 149757 as measured by Copernicus (COP) and IUE 


ALeb W, (COP) W, (TUE) 

Ion (A) (mA) (mA) 
Cu 1,334 532 189 224 
C n* 1,335 703 140 184t 
NI 1,200.711 133 194+ 
Nr 1,200.224 131 151 
Ni 1,199 549 146 167 
Or 1.302.169 201 198 
MgI 2,852.127 218 196 
Mg 0 2,802 704 290 337t 
Mg u 2.795.528 312 309 
Sin 1,526.708 190 136 
Sin 1,3064.372 132 127 
Sin 1,260.421 170 223% 


À Lab W (COP) W, (UE) 

lon (A) (mA) (mA) 
Sin 1,193,289 147 75t 
Sin 1,190 416 132 130 
Sn 1,259 520 112 148t 
Su 1,253 812 106 112 
Su 1,250 586 100 105 
Mn n 2,605 697 111 115 
Mo n 2,593 731 116 163 
Mon 2,576 107 138 137 
Fon 2,599 395 226 247 
Fern 2,585.876 214 174 
Fen 2,382.034 238 259 
Fe 2,373 733 120 185t 





As strong lines we have 


defined lines that have an equivalent width of more than 100 mA as measured by Morton in the Copernicus of 


spectrum 
HD149757. Uncertamtios (denoted by t) arse in the TUE data if the line is close to the end of an order or in a badly exposed part of the image The Si oà 1,260.421 


ine is blended by the Fe n à 1,260 542 Hne (denoted by $) 
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Fig. 10 Sections from the short-wavelength spectrogram of HD153919 
showing evidence for interstellar abserption lines originating from highly 
ionised species. The raw wavelength scale is plotted. 


3,100 A, where the calibration is still rather uncertain, the ANS 
results and the measurements of Kaler et al.'* suggest that the 
IUE fluxes are systematically too low by 25-45%. 

Figure 12a plots, on an enlarged scale, the 2,760-2,820 A 
section of the low resolution spectrum showing a broad exten- 
ded hump which contains the Mg Ii A2795, 2803 doublet. 
Figure 12b shows the same portion of the spectrum as observed 
by the high resolution mode. The wavelength scale is, in both 
cases, the uncorrected scale assigned during the reduction pro- 
cess, The two doublet lines as well as the [Mg V] line at A 2783 A 
are clearly seen. This example shows the potential of the high 
resolution mode of IUE for studying the emission from 
planetary nebulae in great detail. 

Whife the low resolution short-wavelength spectrum of 
NGC7027 resembles in many ways the spectrum of NGC7662 
as observed by Bohlin er al.'® in that C IV A 1550, He 11 A1640 
and Cu A1909 are the most prominent features, the low 
resolution long-wavelength spectrum looks by comparison 
much richer in emission lines. Bohlin et al. quote the 





Table 3 UV line fluxes in the spectrum of NGC7027 


Obs. flux l Obs. fux 

(A) ion C107)? erg em™*57!y (A) lon = (107)* erg cem”? s~!) 
1,406 Orv] 0.8* 2,783 [Mg v] 1.0t 
1,487 Norv] os 2,795 Men 1 6t 
1.549 Civ 20.4* 4 2,803 Mgu 
1,602 [Nerv] ri? 2,836 Om 0.7t 

+? 
1640 Heu S20" 2,853 [Ariv] 0.27 
1,663 Orn} 0.9* 2.868 [Arv] O.1F 
1,750 Nu] 0.8* 2,928 [Mgv] 0.24 
1,909 Cui] 10.8*72 3,024 Om 0.47 
2,321 [Om] 0.97 3,047 Om 167 
2,422 [Nerv] 1.37 3,133 Om 8.372 
2,470 [On] 0.44 3,203 Hen 2,24 
2.511 Hen 0.27 3,345 [Nev] S57 
2.734 Hen 0.9% 3.426 [Nev] + 


aaam A AAAA ANAA TEANA ALE ENO R aiaee 


* Seen in the short-wavelength spectrum 
t Seen in the long-wavelength spectrum 
+ Some pixels are saturated 
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Table 4 UV continuum fluxes in NGC7027 


aaa man amm iaa ainaani aiana i annaas seer here fret Artt fre 


Observed flux Observed flux 





(A) (0° erg em”? s7 1 (A) (10° ““ ergem “s LA 
1,400 13 2,400 4 
1,600 15 2,600 10 
1,800 12 2,800 20 
2,000 14 3,000 36 
2,200 6 3,200 46 





wavelengths of the components of the [Ne 1v] "D32 tS, 
D; a> S doublet to be 2,439 and 2,441 A. However, Edlén 
(ref. 17 and personal communication) gives these wavelengths as 
2,422.60 and 2,425.24 A, from isoelectronic sequence 
extrapolations. The high resolution spectrum shows the doublet 
to be clearly resolved, and the wavelengths to be in agreement 
with Edlén’s prediction, to within the accuracy of the present 
measurements (~0.5 A). The intensity ratio R= 
1(A2425)/1(A 2423) is sensitive to electron density, being 
similar to the well known [O It] ratio 7(A3729)/ 7(A 3726). In the 
limit of low densities, R = 1.5, and in the limit of high densities, 
R =0.16 (the latter value being obtained using the transition 
probabilities of Garstang'*). For NGC7027 we estimate R to be 
about unity (see Fig. 13) which gives a value of electron density 
of about 5 x 10* cm”. 

Table 4 lists preliminary estimates of the UV continuum 
fluxes from NGC7027. Although the modification of the 
intensity distribution by extinction is substantial, the data 
resemble the Edistribution expected from hydrogen recom- 
bination and two-photon emission. 

The UV emission lines of NGC7027 can also be used in a 
study of interstellar absorption. This is usually investigated by 
comparing reddened and unreddened stars which are believed 
to be intrinsically identical from their line spectra. Planetary 
nebulae provide a totally different method in that the recom- 
bination lines in H1 and Hell can be linked directly to the 
free-free radio emission. Because the interstellar medium is 
optically thin to the latter, its measured flux gives the intrinsic 


Fig. 11 The low resolution a, short- and b, long-wavelength spectra of 

NGC7027 as observed by IVE. The flux values have not been corrected for 

the instrumental sensitivity. For an identification of the emission lines and 
corrected flux values see Tables 3 and 4. 
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fluxes in the H I and He 1 lines. A comparison with the observed 
line fluxes then gives directly the interstellar extinction. 

NGC7027 is particularly appropriate to such a study because 
it is heavily reddened and has been observed extensively. Pre- 
vious studies by Miller and Matthews”? used radio data and the 
Ha, Hf and Hy lines, and by Schwartz and Peimbert” who 
included lines at à = 1 pm. With the observation of the UV He 0 
lines with TUE an investigation of interstellar extinction over a 
very wide wavelength range is now possible and a brief analysis 
is given here. A more extensive and detailed discussion will be 
given elsewhere”. 

The values of the interstellar extinction in NGC7027— 
A, (7027)}—have been derived from the IUE observations of 
Hel lines on the basis of the method outlined above and 
combined with those obtained from ground-based data. The 
results are plotted in Fig. 14 against the values of A,/Fp_v 
derived by Nandy et al.” from a study of early-type stars with 
the sky survey telescope (S2/68) on the TD-1 satellite. The 
excellent straight line fit of the data shows that over a wide range 
of wavelengths, from Ha 6,563 A to He 0 1,640 A, the redden- 
ing of NGC7027 follows closely the standard reddening law as 
derived by Nandy et al.”. 


TUE-FN (x 10*) 


IUE-FN (x 107) 





2,700 2,780 2,790 
Wavelength (A) 
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Fig. 12) Comparison of a, low resolution end b, high resolution spectra of 

NGC7027 ın the neaghbourhood of the Mg um A2800 doublet The hgh 

resolution spectrum n extracted from the echelle orders number 84-82 The 
wavelength scale m the one assigned during the data reduction process 


For the longer wavelengths there is some discrepancy 
between the extinction deduced for NGC7027 and the standard 
extinction. The straight line of Fig. 14 does not pass through the 
origin and can be represented by 





A, (7027) = af as ) +B 
Ey-v 
where a = 0.935 and B = 0.17. The difference is small but there 
is no doubt that it is real. 

An explanation of this discrepancy can be made by consider- 
ing the large variation of extinction across the face of the nebula 
which is known to exist from the quite different distributions in 
the radio and optical images. Let us consider a simple two- 
component model in which there is a heavy local extinction over 
a fraction B of the total area of the source. We take the 





& 
Z 
Ww 
= 
A 
a 
i 
= 
2,410 2,420 2,430 2,440 2,450 
Wavolength (A) 
Fis. 13 As Fig 12, except that the spectrum m the neighbourhood of the 
[Ne rv] doublet has been plotted 


extinction from area B to be y(A,/E ,-\) and from the remain- 
ing (1— B) to be a(A,/E,-v) with a = 0.94 as derived above and 
y » a. We can then write 


1070 # Aa 702) — p 10°° ay (As/Ee-v) 4 (1 ~B)1i0° (Ay/Ep_v) 


Assuming the first term to be negligible over the wavelength 
range 6,563~-1,640 A where the straight line fit is good, then the 
two-mode] equation is consistent with that fit if (1 — B)= 107 *”, 
giving B = ().145. The value of y can now be deduced by fitting 
in the red and IR regions. Using the data plotted in Fig. 14 
together with the most extreme IR measurement yet available 
(Brackett y at 2.166 pm, Merrill et al.'*), a good fit ıs obtained 
with y=2.0 Hence, this simple, two component model gives 


Fig. 14 Interstellar extinction measured for NGC7027 m the rado, IR, 

optical and UV ranges. A, for NGC7027 has been plotted against 

{A,/Ep_-v} as determined by Nandy ef al 7 from observations of about 100 

reddened early type stars with the Sky Survey Telescope (52/68) in the 
ESRO TD 1 satellite 
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excellent agreement with the observations over the full 
wavelength range from the IR to the UV. 

The reddening derived for NGC7027 over the range 6,563— 
1,640 A is in excellent agreement with that derived from early 
type stars by Nandy et al. Most of the reddening is probably due 
to interstellar grains along the line of sight. The results for larger 
wavelengths can be explained by a local extinction, variable over 
the nebula, caused by grains with the same optical properties. 
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IUE observations of X-ray sources: 
HD153919 (4U01700-37), | 
HDE226868 (Cyg X-1), HZ Her (Her X-1) 
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The first UV spectroscopic measurements of binary X -ray 
sources with TUE show highly variable emission from a 
photoionised plasma in the object HZ Her, and give evi- 
dence for localised circumsystem material in the binary 
source Cygnus X-1. In addition, a substantial stellar wind 
is found in one of the brightest identified X-ray sources 
HD153919. This system may be surrounded by an exten- 
sive H a region unusual in its content of high excitation ion 


species. 


BINARY X-ray sources containing a compact object represent a 
class of stars that generally have been inaccessible to UV 
spectroscopic observations due to their faintness. Studies of 
these objects can potentially discern the physical conditions and 
dynamics of the material in the sources themselves as well as 
probe the interaction between the source and the surrounding 
interstellar medium. The FUE was used during the high priority 
phase of the commissioning period to obtain spectra of three 
stars—~HD153919, HDE226868, HZ Her—that correspond to 
the X-ray sources 4U1700 — 37, Cyg X-1, and Her X-1 respec- 
tively. We report here some general characteristics of the spec- 
tra, comments on the presence of phase effects, and note the 
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strength of interstellar lines towards one source, HD153919, 
where high resolution spectra are available 


Observations 


A discussion of the instrument and its performance is contained 
in preceding articles'?. The spectra discussed here were taken 
over a 7-week period beginning 12 February 1978 (see Table 1). 
All exposures were made with the large aperture. Corrections 
for the effects of the radiation background and scattered light 
were applied by subtracting a smoothed value of the inter-order 
fluxes from the sp in each order. The adequacy of this 
correction for the high dispersion spectra is verified by the 
appearance of strong interstellar lines (that is, H Lya at A1216 
and C If at A1335) and absorption components of P Cygni 
profiles with flat cores of approximately zero net flux. The high 
dispersion spectra of HD153919 have not been corrected for the 
grating blaze (echelle ripple); the low dispersion spectra have 
been calibrated by using the preliminary determination of the 
instrumental sensitivity with wavelength’. 


HD153919 = 4U1700-37 


This binary system identified with the X-ray source’ 1s composed 
of a primary star classified from the optical spectrum as O6/f, and 
a compact object—the X-ray source—orbiting essentially within 
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the expanding atmosphere of the primary star. This source was 
observed at high dispersion at two phases ~0.35 and 0.97, in its 
3.4-d binary period. 

The spectrum of the primary star shows the characteristic rich 
array of P Cygni profiles that has been found in other Of stars 
(see refs 9, 10). The lines of the strong resonance doublets of C 
IV (A1550) and Si rv (A1400) are shown in Figs 1 and 2 where 
the broad extent of these lines is apparent. Transitions that show 
P Cygni features and some characteristics of their profiles at 
phase 0.97 are given in Table 2. Here the velocity scale has been 
reduced to the centre-of-mass velocity of the system 
(~60 kms_') by using interstellar lines of low excitation and 
assigning them the measured heliocentric velocity of the Ca II 
interstellar lines’, namely —14.7 kms” *. The positions of line 
maxima were measured from tracings on a scale of 4 A per inch; 
measurements to +0.1 A can be achieved. A greater uncertainty 
arises in selecting the appropriate positions on the profiles since 
effects of the grating blaze have not been removed from these 
scans. This can cause a shift in the apparent maximum of a 
P Cygni profile and errors in the assignment of the shortwards 
edge. An uncertainty of +100 kms7' is probably a reasonable 
estimate of the errors in this procedure. The observed terminal 
velocities ~—2,600 kms’ are comparable to those found in 
¢ Pup (ref. 12) (spectral type O4 If) and are larger than velocities 
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occurring in other O supergiants of later spectral type’, for = 1,527 ~ 1535 ~ 1,543 = L Tar q 535 17367 
example, 29 C Ma (O7 Ia: fp), 9 Sge (O7.5Iaf), and HD15 1804 Wavelength (Å) 


(O8 Taf). 

The escape velocity from HD153919 is ~720 km s™* assum- 
ing? M=27 Mo and R=20 Ro. This value is less than the 
maximum expansion velocities found in the P Cygni profiles 
indicating the presence of mass loss similar to that found in other 
luminous stars'° 

A search was made for variations in the line profiles with 
binary phase. It can be argued that the structure of the wind 
changes when the X-ray source is present, either through ion- 
isation of the dominant ion species that drive the wind, or by 
ionisation of a cavity in the expanding atmosphere of the 
primary star that would preferentially be in the radial direction. 

The two high dispersion short wavelength spectra were taken 
at phase 0.32 and phase 0.97, the latter when the compact object 
is eclipsed. Superimposition of the broad profiles of the 
resonance lines Si IV, N v, and C IV shows effectively the same 
shape at the two phases in contradiction to some predictions” 

The effect of the X-ray source, if any, on the atmosphere of 
the primary must be confined to a region which is small 
compared with the extended line-forming region of the 
resonance transitions. Transitions from excited levels that are 
formed over a narrow range in velocity may be more responsive 
to the effects of the X-ray source. An optimum time to obtain 
spectra may be at phase 0.5 when the compact object is directly 
in front of the primary star. 

The interstellar spectrum is also discussed in the preceding 
article by Grewing et al.'*. It is rich as might be expected from a 
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Fig.1 The region AA1523-1567 of HD153919 ¢ 

high dispersion mode at two orbital phases: a, į 
phase 0.97 (SWR 1054). The broad stellar. P 
doublet near A1550 has the same appearance ande 
strong narrow features marked at A1548 and Ü are attributed to 
interstellar Civ. Other interstellar lines arising “rom neutral and singly 
ionised species are apparent; the absorption feature at A1526.7 is most 
probably interstellar Si n. There was a change of system focus between the 
two images; the resolution of the lower (phase 0.97) spectrum is superior to 
the other, as can be noted by inspection of the interstellar profiles. A 
correction has not been implied for the echelle blaze; the wavelength scale is 
given directly as inferred from the calibration lamp. The wavelength regions 
where the orders overlap can be noted by the deuble tracings: the sharp 

emission features near 41539 are of instrumental origin, 














reddened source with E(B — V)= 0.52 (ref. 14) at a distance of 
1.2 kpc (ref. 8). Many atomic species CI Si, Cli are present, 
reflecting a large amount of cold neutral material along the line 
of sight. The relative weakness of C1 Ines originating from 
excited fine-structure levels suggests that the temperature is less 
than 50 K (J. B. Black, personal commuracation). 

The most notable interstellar features ere the strong absorp- 
tion lines of the highly ionised species of $. fv and C Iv (see Figs 
1 and 2). The equivalent widths for the C iv doublet at Ai550.6 
and A1548.0, and the SifV transition 41402.37 are given in 
Table 3. Only one of the Si IV doublet trar sitions is found due to 
the presence of a strong stellar P Cygni profile that completely 


absorbs the background stellar continuum. The region near > 


Table 1 Summary of observations 
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Exposure 
X-ray Camera Exposure midpoint 
Star source image Dispersion (min) (ID 2444+) Phase 
HD153919 4U1700 — 37 SWR 1027 High 100 3,552.488 0.32" 
LWP 1029 High 36 3,552,624 0.36 
SWR 1054 High 100 3,564.927 0.97 
1.7 day?} (&-rays7 } 
HZ Her 4U 1656+ 35 SWR 1051 Low 180 3,563.290 0.82 On 
(Her X-1) 
SWR 1056 Low 240 3.565.276 0.98 On 
SWP 1272 Low 90 3,598.903 0.76 On 
HDE226868 4U1956+ 35 SWR 1050 Low 150 3,562,957 0.48% 
(Cyg X-1) 
SWP 1273 Low 40 3,599.049 93.43 





* Ephemeris T. Matilsky (personal communication), 
F Ephemeris from refs 3-5. 
t Ephemeris from ref. 6. 
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Fig. 2 The region AA1377-1425 of HD153919 containing the resonance 
doublet of Sirv at A1394 and 41403. These images were obtained at two 
orbital phases of the system: a, phase 0.32 (SWR 1027); b, phase 0.97 (SWR 
1054). The focus of the instrument was superior when the lower spectrum 
was Obtained; the emission peak near A1405 is saturated in the lower 
spectrum, The stellar P Cygni profiles indicate outflow velocities of 
~2,800 km s”’; there are no substantial differences in the profiles between 
the two spectra. Interstellar absorption due to Si tv is marked near A1403. 
See the legend to Fig. 1 for additional notes. 


A1240 where interstellar N V occurs was not well exposed in our 
images, and upper limits to the equivalent widths are estimated 
from measurements of the peak-to-peak noise over widths of 
0.4 A at the expected position of the lines. 

‘The lines are assumed to lie on the linear part of the curve of 
growth. For Si 1v, in which one line is found, this assumption 
gives a lower limit to the column density. The C IV transitions 
have central intensities which are about half of the continuum 
intensity; moreover their equivalent widths are in the expected 
2:1 ratio confirming the assumption of unsaturated lines. The 
derived column densities (see Table 3) are substantially higher 
than those found for £ Oph, a cooler less luminous star of 
spectral type 09.5 V. Highly ionised species are about twice as 
abundant towards HD153919 than towards ¢ Pup, an O4 Ifstar 
of comparable spectral type. HD153919 is at a distance of 
1.2 kpe which is about 2.5 times the distance of 450 pc to ¢ Pup 
so that we cannot rule out a large scale distribution of C Iv and 
Sirv. However, if these ion species are confined to an HII 
region near the star, their higher colummdensity may reflect the 
PNS a a AEL E E ta 


Table 2 Velocities {kms ty of P Cygni profiles in HD153919 (Phase 0.97) 
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À lab Emission Absorption Short 
lon (A) maximum centre edge 
He i 1,640.33 —3 ~420 ~640 
Cu 1,175.7 +580 ~ 1,400 ~~ 2,200 
Cry 1,550.77 ARIT 
1,549.06* — 4,500 
1,548.18 -2,600 
N Iv 1,718.55 +320 ~ 1,000 2=~1,800 
Nv 1,242.80 +200 
1,240.15* ~ 1,400 
1,238.82 ~ 2,300 
Ory 1,338.61 +220 -220 440 
SIV 1,402.77 +270 ~ 1,600 ~2,100 
1,393.76 _—_ —1,500 — 2,600 


O eiee 


* Mean wavelength for unresolved multiplet. 
+ This maximum may appear at shorter wavelengths due © the (uncorrected) 


blaze of the grating. 
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Table 3 Highly ionised interstellar species 





log Nicm™*) 
HD1$3919 HD153919 





lon A(A) WwimA) f observed predicted* ¢ Pupt č Opht 
Civ 1,550.77 112 0.097 13.71 14.3 13.37 <12.7 
1,548.18 213 0.194 13.72 
Nv 1,238.82 <133 0.182 <13.81 13.7 “122° <12.3 
1,242.80 <56 0.076 <13.74 
Şi IV 1,402.77 104 0,262 213.36 14.2 13.1 12.7 
* Ref. 16. 
+ Ref. 12. 
$ Ref. 17. 


effects of ionisation by the X-ray source, although the observed 
column densities are still considerably less than those predicted 
by McCray et al.’ for HD153919. 

Relative abundances of ion species may be used to dis- 
criminate between various sources of ionisation. In Table 4, we 
list the abundances of N v and CIV relative to Si Tv that are 
observed towards HD153919 and towards ¢ Oph and ¢ Pup. 
These values are compared to calculations for a model of 
HD153919 immersed in the photoionised interstellar gas'®, and 
for an interstellar bubble that can be caused by a strong stellar 
wind!®. In the former case, a relatively cool but highly ionised 
gas can result from the EUV and X-ray radiation from 
HD153919. The bubble produces a conduction-dominated 
interface between the hot shocked (10° K} gas and the cold 
interstellar medium. This interface is the source of the absorp- 
tion lines. The relative abundances that are observed (Table 4) 
are substantially less than those estimated for an interstellar 
bubble. The observations seem to support the presence of a 
photoionised gas near both the X-ray source and the two hot 
stars. 


HZ Her (Her X-1) 


The eclipsing binary system HZ Her contains a primary star that 
varies between spectral types A and F, and one of the first 
pulsating X-ray sources to be identified’’. Periodic flux varia- 


Fig.3 The short wavelength spectrum of HZ Her at low dispersion (~6 A): 

a, phase 0.76; b, phase 0.82. Several emission lines are apparent at both 

phases: N v; Sitv; Civ; and He n. The feature marked R results from a 
fiducial mark (reseau) on the faceplate of the camera tube. 
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Fig. 4 The short wa spectrum of HDE226868 (Cyg X-1) at two 


velongth 
phases: a, phase 0.48, b, phase 0.93 Several strong absorption imes are 
The feature marked R near A1800 results from a reseau mark. 


tions are present at optical and X-ray wavelengths resulting 
from the binary motion of the system (1.7-d period), the rotation 
of the compact object and perhaps X-ray shadowing of the 
accretion disk” (35-d X-ray on/off period, and associated opti- 
cal variability). X-ray heating of the primary star, mass accretion 
by the compact object, and variable absorption?! cause addi- 
tional fluctuations in measured emissions. 

The spectrum of HZ Her from AA1200—-2000 was obtained at 
three phases during the X-ray on period of its 35-d cycle (see 
Table 1). Emission lines attributed to N v, Si rV CTV and Hen 
are clearly apparent in exposures taken at orbital phase 0.82 and 
0.76 (see Fig. 3). However, a 4-h exposure centred at phase 0.98 
(eclipse of the compact object) showed no line emission except 
for the geocoronal Lya, suggesting that the source of UV 
emission is restricted in size and is located in the region on or 
about the opposing side of the primary, facing the compact 
object. An upper limit for the line and continuous flux between 
41200-2000 at phase 0.98 is estimated to be 1x107! 
ergon? s~? Am, 

The NV emission is surprisingly strong relative to CTV. 
Calculations” have been made of the line emission from a 
spherical, gas cloud of uniform density that is photoionised by a 
central X-ray source. The calculations suggest that generally 
CTV should be about six times stronger than N v, while our 
observations suggest nearly equal emission fluxes. 

There is an Fe xU line at A1242 which could be blended with 
the N v doublet at 41240. If so, another Fe xu line at A1350 
should be present although weaker than A1242, by a factor of 
~3 in the high density limit. A feature at A1350 is apparent in 
both spectra of HZ Her (Fig. 3); if this line is indeed Fe xu, then 
the contribution of Fe Xu at A1242 to the N V blend could be 
significant in reducing the inferred intensity of N V. 

The continuum has an approximate spectral index F, œ »7!3, 
and is presumably due to the heating of the primary atmosphere 
by X rays. This is apparently in general agreement with the 
calculations of Milgrom and Salpeter’, although their results 
are presented in wide bandpasses, making direct comparison 
difficult. The continuum flux at ~1,500 A is ~20% higher at 
phase 0.76 than at phase 0.82; this is a marginal result, due to the 





Table 4 Rolative abundances of highly ronssed interstellar species 





Source N(C rv YN{S: rv) NON vYNGSi rv) 
HD 153919 (observed) <23 <2.5 
{ Oph <0 92 <0.38 
{ Pup 15-23 <0 08 
Photosonised volume!® 12 03 
Interstellar bubble !? 159 6.3 





inherent errors and the fact that for operational reasons two 
different cameras were used. Milgrom and Salpeter” predict a 
factor of two change in the continuum between these phases, 
which may be ruled out. 


HDE226868 (Cyg X-1) 


The binary system HDE226868 is identified with the X-ray 
source Cyg X-1. The primary star is classified”* as O9.7Iab, and 
the X-ray producing secondary is perhaps the strongest candi- 
date for a black hole of any compact X-ray source. 

The low dispersion spectrum of HDE226868 is shown in 
Fig. 4 at two phases. The spectrum from the supergiant has been 
detected and is generally typical of a highly reddened star. This 
star shows broad absorption features most probably of CIV 
(A1550), He n (A1640), and N rv (A1718). The absorption, 
particularly of C IV, seems to be asymmetric and indicative of 
mass loss. Strong P Cygni emission components as found in stars 
of similar type from Copernicus’? are absent. There is 
apparently a substantial phase effect in this spectrum with the 
strengthening of the SiIv and C IV transitions near superior 
conjunction when the supergiant lies between the Earth and the 
compact object. These features may be similar to the absorption 
dips reported in soft and hard X-ray observations that occur 
preferentially near superior conjunction, and reflect the 
presence of matter between the binary components”* ~’. Other 
lines such as the feature near 41710 may appear at phase 0.93. 
We should point out that the second spectrum was taken with a 
different camera and a better focus, so that the depth of the 
features could be affected. 

The strength of Si Iv in early-type stars seems to be a strong 
function of luminosity class. The equivalent width of the Si Tv 
doublet at phase 0.93 is 6 A, which is less than the 09.5 Ia star 
a Cam, but clearly more than the 09.5 V star 8 Ori A (ref. 31). 
Thus the strength is compatible with a high luminosity for the 
primary. 

We thank J. H. Black for contributions to the interstellar line 
analysis and P. Boynton and R. McCray for useful discussions. 


et al Nature 775, 356-361 (1978) 
at ai Namre T78, 361-369 (1978) 
Libor, W Asropkys J Len 177, L103 (1972) 


Asrephys J Suppi 32, 429-465 (1976) 
Hotchmgs, J B Astrophys J 192, 677 (1974) 
Morton, D C. Astrophys J 197, 85-115 (1975) 


wos 


Bea IaGe Obl S wmrawaune 
-. a ” 
‘ fe 
ny 
3 
3 
3 


= 
z 
3 


Senne preprint no W18-75/35-Ph, Proc 
Enrico Fermi Scheel on the Phyacs and Asrophkymci of Newtron Start and Black Hodes, 
Varenna, Italy, 1975 (m the prom 


Hok, $ $ , Boldt, E A , Secloustsos,P J & Kahmensin, L J Astrophys J 283,163 (1976) 
burden, P in X-Ray Banarees 425 (NASA SP-389, 1976) : 


SSREURRRGB 
z f 
x 
ng 
y 
2 
D 
a 
3 


l 
i; 
te 
3 
E 


Nature Vol. 275 5 October 1978 








TUE observations of extragalactic objects 


A. Boksenberg, M. A. J. Snijders & R. Wilson 


University College London, Gower Street, London WC1, UK 


P. Benvenuti, J. Clavell, F. Macchetto 
& M. Penston 


ESA Satellite Tracking Station, Villafranca Del Castillo, Madrid, Spain 


A. Boggess & T. R. Gull 


Goddard Space Flight Center, Greenbelt, Maryland 20771 


P. Gondhalekar 


SRC Appleton Laboratory, Slough, Berks, UK 
A. L. Lane 


Jet Propulsion Laboratory, Pasadena, California 91103 


B. Turnrose & C. C. Wu 


Computer Sciences Corporation, Silver Spring, Maryland 20900 


W. M. Burton 


Astrophysics Research Division of Appleton Laboratory, Culham, 
Oxon, UK 


A. Smith 


University of Florida, Gainesville, Florida 32720 


F. Bertola & M. Capaccioli 


Osservatorio Astronomico, Padova, Italy 


A. M. Elvius 


Stockholm Observatory, Sweden 


R. Fosbury, M. Tarenghi & M.-H. Ulrich 


European Southern Observatory, Geneva, Switzerland 


R. L. Hackney 


Department of Physics and Astronomy, Western Kentucky University, 
Bowling Green, Kentucky 42101 


C. Jordan 


Department of Theoretical Physics, 1 Keble Road, Oxford, UK 


C. G. Perola 


Istituto di Fisica dell Universita’ di Milano, Milan, Italy 


R. C. Roeder 


Scarborough College, University of Toronto, Canada M55 1A1 


M. Schmidt 


Hale Observatories, California Institute of Technology, 
Carnegie Institution of Washington, Washington 20005 


Rae Yona ARC de ee hid EAA pa pre errant aiaa tir a AAAA HRMS rTM RRA RR A A ere a AAAA NANE AY Gerrans rend A aa: 


During the commissioning phase of IUE several 
extragalactic objects were observed spectrally at low 
dispersion in the UV range AAI150-3200: the Seyfert 
galaxies NGC4151 and NGC1068, the QSO 3C273, the 
BL Lacertae object B2 1101+ 38, the giant elliptical 
galaxy M87 and the spiral galaxy M81. The results 
obtained are presented and a preliminary analysis given for 
all six objects, discussing the continuous spectrum, extinc- 
tion, emission line spectrum and absorption line spectrum, 
where possible for each case. Several new or confirmatory 
astrophysical results are obtained. 





DURING the commissioning high priority target phase of IUE 
several classes of extragalactic object were observed at low 
dispersion with both the short- and long-wavelength cameras. 
Although the instrument was not fully optimised, scientifically 
useful spectra were obtained for the Seyfert galaxies NGC4151 
and NGC1068, the QSO 3C273, the BL Lacertae object 
B2 1101+38, the giant elliptical galaxy M87 and the spiral 
galaxy M81. A journal of observations is given in Table 1, which 
includes some related optical photometry (performed by A.S.). 
Figure 1 gives photographic reproductions of the short 
wavelength spectra of four of the objects observed. All six 
objects are discussed separately in following sections, and are 
preceded by a description of the adopted calibration, which 
differs in detail from that used for most of the other high priority 
targets discussed in the accompanying articles. 


Absolute calibration 


The initial absolute calibration of the scientific instrument is 
discussed by Boggess et al.'. This is based on the QAO scale? 
which differs from all other recent calibrations in the region 
between 1,350 and 1,700A, having a maximum departure of 
about 30% at A 1550 (refs 3, 4). Extragalactic data reduced with 
the absolute calibration based on the OAOHI scale show a hump 
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in the continuum around A 1550. The same hump has been noted 
in the flux distribution of hot stars observed by IUE when 
reduced to the OAOH flux scale”. 

We have carried out further work on the absolute calibration 
because this is critical for establishing the slopes of the non- 
thermal continua. First, we linked the calibration mainly to the 
TD-1 (82/68) fluxes, supplemented by ANS data. Second, we 
used additional objects to HD60753, the one used by Boggess et 
al’. This was accomplished without additional observations as 
some of the high priority objects, observed during the same 
period as the extragalactic objects presented here, are excellent 
calibration standards themselves. We used the following as 
additional calibration objects: BD+75 325, which was 
compared with OAOH data’, and data from ANS and TD1 
§2/68 (P. R. Wesselius and D. J. Carnochan respectively, 
personal communications); HZ43, for which ANS data are 
available’; and HD137389, which has been observed by the 
S2/68 instrument’®. The calibration for the stars listed by 
Boggess et al.’ was converted to the $2/68 scale using the 
correction factors given by Beeckmans’. 

For the SWR camera, calibration curves obtained from the 
individual stars were averaged, giving double weight to the 
results for BD + 75 325 and HZ43. The mean calibration curve 
so obtained was used for the reduction of all SWR extragalactic 
images. When compared with that given by Boggess et al.’ this 
calibration curve shows two differences: the sensitivity mini- 
mum around A 1550 is less pronounced, reflecting the difference 
between the OAOU and 82/68 or ANS flux scale (our 
continuum fluxes no longer have the A1550 hump), and the 
sensitivity at all wavelengths is lower. The extent of the second is 
comparable with the difference found by Boggess etal." between 
the sensitivites obtained, after camera reoptimisation, for uw Col 
and HD60753. The four stars analysed for the SWR calibration 
all give roughly the same wavelength dependence for the sensi- 
tivity but the individual stars give absolute calibrations different 
by up to +20% from the mean curve. Thus, the slope of a 
spectrum is well defined, but the overall flux level could be in 
error by + 20%, in addition to any errors in the OAOH, $2/68 
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Table 1 Journal of observations 
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Date Camera,* Exposure 
{1978} Object band (min) Comments 
11 February NGC4151 SWR 60 Partly out of aper- 
ture; poor focus 
11 February NGC4151 LWP 120 
17 February M87 LWP 180 
22 February M81 SWR 120 
22 February NGC L068 SWR 180 Good focus 
27 February 3C273 SWR 180 
27 February 3C273 LWR 150 
27 February 3C273 SWR 60 
28 February B2 1101438 LWR 77 High radiation level 
28 February B2 1101+38 LWR 100 
28 February B2 1101+ 38 SWR 240 
28 February NGC4151 SWR 120 Good focus 
28 February B2 1101+38 UBVI 
7 March NGC4151 UBV 
7 March 3C273 UBV 





*IUE (10” x 2” aperture, low dispersion): 

SWR {short wavelength redundant camera) 

LWR (long wavelength redundant camera) 

LWP (long wavelength prime camera) 

Optical Photometry (Rosemary Hill Observatory, University of Florida): 

UBV! 

UBV. 
or ANS calibrations and the errors involved in the trans- 
formation of the IUE data to other calibration systems (the 
latter is estimated to be ~10% for well-exposed spectra’). 

For the long wavelength cameras the high priority stellar 
targets permitted only a rough check for 2,000 <A <2,540. For 
the accuracy of the measurements the results agree with the 
standard calibration’, and this was used for the reduction of the 
objects in this paper. 

Finally, we note that the 20% error mentioned above applies 
to both the short- and long-wavelength cameras, and the present 
results for the interstellar absorption maximum near A2200, 
which has to be measured on both the long and the short 
wavelength spectra for objects of low redshift, and is also subject 
to extra noise and uncertain end effects, should be treated as 
preliminary only. 


NGC4151 


Comprehensive reviews of observational results and model 
computations for Seyfert galaxies are given by Weedman”' and 
Collin-Souffrin®. The well-known Seyfert galaxy NGC4151 is 
the brightest of the class with broad permitted emission lines 
(Class 1 of Khachikyan and Weedman’’) in the northern skies 
and has been closely studied at all available wavelengths. The 
permitted lines also contain a distinct narrow component with 
the same profile as the forbidden lines (which are always rela- 
tively narrow in Seyfert galaxies) and NGC4151 is better 
classified 1.5. Its nucleus contains a compact source which is 
variable at X-ray, UV, optical and IR wavelengths’**’*’. It is 
also a y-ray source’® and a weak source of radio emission’’, 
although the radio emitting volume may be different from the 
region producing the optical continuum and broad emission 
lines”’. Recently an UV spectrum of NGC4151 has been 
obtained by Davidsen and Hartig with a rocket-borne tele- 
scope**. 

The optical spectrum of NGC4151 has been discussed by 
several authors”. The narrow-line region has temperature 
T = (11,750+800)K, and electron density N.= 2 x 10* cm” in 
a higher ionisation region and N.=5x10°cm™ in a lower 
ionisation zone defined by [O 1], [O 11] and [S 1], which will be 
excited at the outer portions of the gas**. The relative intensities 
of the forbidden lines can be well matched by photo-ionisation 
models in which the gas is ionised by a non-thermal UV 
continuum, and probably this is also the main energy source for 
the broad-line region’**’. The broad-line region is characterised 
by the permitted emission lines of H 1, He 1, He H and Fe I, and 
must have N, 2 10° cm”? to collisionally de-excite the forbidden 
lines which are absent**?*, High column densities are also 
indicated by the Balmer decrement, which can be understood 





only if the higher Balmer lines are optically thick??? Asis. 
commonly observed in such objects, the broad components | 
the Balmer lines in NGC4151 are asymmetric and extend over 


several thousand kms '; the He 11 44686 profile is similar, but. : 


He 1 AA 5876 and 7065 are much broader**. The asymmetries 
and different linewidths rule out electron scattering as the 
dominant broadening mechanism, and invalidate the model for 
the line emitting region developed by Ptak and Stoner”. 
There is now little doubt that the broadening is chiefly due to 
mass motions of the ionised gas in such active nuclei 9, 

A striking feature of the optical spectrum of NGC4151 is the 
presence of non-stellar Balmer and Hei A3889 absorption 
features which are blueshifted with respect to the emission lines 
and variable in time****""'", These features are characteris- 
tically different from the absorption lines generally present in 
QSO spectra, which arise only from ground-state transitions and 
have never been seen to vary. Galactic interstellar Ca absorp 
tion is also present in the spectrum of NGC4151 (refs 24, 25, 
140). 

NGC4151 was observed by IUE with both the short and long 
wavelength cameras (Table 1). The better exposed of the two 
short wavelength spectra (28 February) is shown in Fig. 2. 
Emission features (28 February for short wavelength, 11 
February for long) are listed in Table 2 and the absorption 
features (28 February) in Table 3. Optical spectra taken soon 
after (8 March) (J. McClintock, personal communication) show 
that the visual absorption lines were particularly strong. For the 
absorption lines arising from levels of the ground state there ts 
probably a significant galactic interstellar contribution in some 
cases (the heliocentric velocity of NGC4151 determined from 
the emission lines is about 950 kms‘ (ref. 32), and the absorp- 
tion lines are blueshifted relative to NGC4151 by a comparable 
amount>”!*°, bringing them to near-zero velocity in the obser- 
ved frame). 

The continuous spectrum of NGC4151 obtained on 28 
February, with measurements averaged over bands 20-100 A 
wide avoiding the emission and absorption lines, is shown in Fig. 
3. We include our UBV photometry (7 March), corrected for the 
emission lines and Balmer-continuum emission (the latter from 
the expression given by Stein and Weedman*’) and reduced to 
the same effective aperture as the IUE observations (10" x 20") 
from the data of Penston et al.'®. We also show the continuum 
data of Davidsen and Hartig*®, obtained on 10 February. 

The observed optical continuum of an active galaxy nucleus is 
made up of two parts: the featureless non-thermal or ‘power 
law’ continuum unique to the active nucleus, and the integrated 
galaxy continuum (containing absorption lines) due to stars in or 
near the nucleus. (The term ‘non-thermal’ is used rather loosely, 
‘non-stellar’ might be better in some cases where a thermal 
source, possibly complex, cannot be ruled out.) When the 
continuum shows variability the spectral slope generally also 
varies due to the differing contributions of the non-thermal 
variable component and the stellar component, although the 
slope of the non-thermal component probably does not 
change’*. Assuming a power-law spectrum of form F, x vy" we 












Fig. i Photographic reproductions of unprocessed short wavelength spec- 

tra of four of the extragalactic objects: first, the Seyfert 1.5 galaxy 

NGC4151; second the Seyfert 2 galaxy NGC1068; third the QSO 3C273: 

fourth the BL Lac object B2 1101438 (Markarian 421) Wavelength 

increases to the right. The large emission feature at the left of cach spectrum 
is geocoronal Lya which fills the 10 « 20 arcs entrance aperture, 
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Table 2 Emmssion knes in the spectrum of NGC4151 (A <2,000, 28 February, spectrum, A > 2,000, 11 February spectrum) 


Identificabon Ag (A) W,, (A) 
Lya 1,216 103445 
O1 1,305 ‘ = 
Sirv+Orv] 1,400 _ 
N rv 1,486 3t 
Civ 1,550 
[Ne v] a 110t 
[Ne ry] 1,602 8 
He n 1,640 11 
O m] 1,663 5 
N mj 1,749 2 
Sı m] 1,892 40 
C m] 1,909 
[O m]+C u] 2,324 12 
[Ne rv] 2,424 10 
? 2,450 10 
{O a] 2,470 
l 2,500* 2t 
[Fe xi] 2,650 3t 

a 2,800 48t 
O m+ [Fe rv]? 2,837 k) 
Om 3,047 3 
Om 3,133 8 


* Wavelength moasured relatrve to other known Hues. 
t Uncertain 


obtain a = 1.3 as the mean over the observed optical and UV 
range, excluding possible absorption attributed to the extinction 
feature near A2200. Contamination of the non-thermal 
continuum by light from the galactic disk of NGC4151 occurs to 
differing degrees in the optical and UV regions. Comparison 
with the results of Wu and Weedman™ shows that for the IUE 
entrance aperture and the aperture of 36” diameter used by 
Davidson and Hartig“ contamination is negligible in the UV. 
We obtain a shallower slope, a ~ 0.8, for 1, ,300<A < 1,800, in 
agreement with Davidsen and Hartig*®. However, our 
continuum flux here is about a factor 2.5 higher than theirs, 
obtained 18d earlier. Furthermore, our long wavelength 
continuum fluxes obtained on 11 February (only one day later 
than the short wavelength observations of Davidsen and Hartig) 
and our UBV photometry of 7 March, are both consistent with 
our short wavelength continuum, but even our 11 February data 
are out of line with and Davidsen and Hartig’s result. The fluxes 
of the emission features observed by both IUE and Davidsen 
and Hartig (excluding the contaminated Lya line) show no 


“Fig. 2 gehen a a ang A MP 
February 1978. sec Table 1) photometrically corrected and calibrated as 
deecriBed in the text. Emission and absorption ines are indicated, includmg 
Se ee E, 

thes processed spectrum bas somewhat degraded resolution due to a current 
limitation un the data reduction ; some of the absorption features 


which are marked but not evident in the plot are cloarty present in the raw 
image. 


Rest wavelength (A) 
1,200 1,300 1,400 1,500 1,600 1,700 1,800 1,900 








0 
1.200 1,300 1,400 1,500 1,600 1,700 1,800 1,900 
Observed wavelength (A) 


F00 ergen st) Comments 
29413 Estimated from lees—contamunated red half 
— Uncertam because of presence of 
— absorption Imes 
07t 
24t Approximately corrected for C rv 
absorpbon, uncertain 
17 Posibiy inctudes wing of C rv 
23 
0.9 
0.3 
61 Wa, ~7A for Si m alone 
19 
17 
16 
0 4T 
0.4t 
7 8t Corrected for absorption 
0.7 Too strong for O m alone 
0.4 Roseau present 
10 


significant change between the extreme dates. Furthermore, we 
observe no change in equivalent width of the Cm]+Si m] 
emission between our two IUE short wavelength observations, 
17 d apart. We conclude that there was no significant continuum 
change over the period of the IVE observations but there may 
have been a large and extremely rapid enhancement between 10 
February (Davidsen and Hartig) and 11 February (TUE). On the 
other hand, an error in defining the zero point of the flux scale in 
Davidsen and Hartig’s data could be an alternative explanation. 
A gross calibration error seems to be ruled out by the generally 
good agreement for the emission line fluxes. 

Even with no correction for reddening, extrapolation of our 
far UV continuum gives sufficient ionising radiation to account 
for the strength of the Balmer emission lines by recombination 
in a gas that nearly covers the source and is optically thick to the 
Lymann contiuum™. This is contrary to the interpretation of Wu 
and Weedman"™ using ANS data. We also find that our spectrum 
extrapolates reasonably well to the X-ray observations, again 
contrary to Wu and Weedman™. The differences between our 
results and those of Wu and Weedman seem to be duc to the way 
they correct for emission lines in the ANS photometric channels. 
Comparison with Fig. 2 and Table 2 shows a substantial emission 
line contribution to the A2500 channel and to their 41550 
‘continuum’ channel. If we use their definition of ‘continuum’ 
fluxes in the various channels and then calculate TUE 
‘continuum’ fluxes we obtain the same spectral slope as they 
derive. 

An important constituent of the active nuclei of Seyfert 
galaxies is dust, which evidently is intimately mixed with the 
ionised gas in these objects. The ratio of the [Sn] 
4A4072,10320 lines®® gives a colour excess E(A4072- 
A10320)=0.82. Using E(A4072-A 10320)= 3.37 E(B-V) 
from Johnson and Borgman” we obtain E(B — V)= 0.24. 
Penston and Fosbury™ give E(B — V)=0.6 from the Balmer 
decrement of the narrow lines. A characteristic dust signature in 
the UV is a deficiency of flux near A2200. We estimate 
W, (2200) ~ 30A from our data (this is uncertain by a factor ~2) 
implying E(B — V)~ 0.06 if the galactic extinction law appl- 
ies’, in (fortuitous) agreement with the value obtained by Wu 
and Weedman’*. That this is much less than the value derived 
from the [S 11] lines or the Balmer lines may not be a serious 
difficulty because reddening is not necessarily the same in the 
continuum, broad- and narrow-line emitting regions; but there 
is probably some contribution from dust in our Galaxy. Apply- 
ing a reddening correction (using E(B — V)= 0.06 and the 
extinction law given by Code et al.” ) to our far UV continuum 
slope gives a «0.7; applying it to all the data in Fig. 3 gives 
a= 1.0. 
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The different degrees of reddening obtained for the 
continuum and forbidden line regions is interesting because it 
shows that our view of the continuum source is relatively 
unobscured by line-emitting gas, which therefore does not 
totally surround the continuum source. However, a covering 
factor as little as 0.7 is consistent with the observed strength of 
H£ and our far UV continuum slope. A model of the ionised gas 
in Seyfert nuclei deduced from observational data is given by 
Osterbrock”’. We return to this later. 

The spectrum of NGC4151 shows strong emission lines of 
Lya, Crv A1550, Hen A1640, C m] 41909, [O m]+C n] 
A2324, [Ne rV] 42424 and Mg I A2800, and several weaker 
lines (Fig. 2 and Table 2). There is little evidence of N v A 1240, 
Sı 0 A1263, O1A1305, Cu A1335 or Si rv +O rv] A1400 in 
emission, but for these the spectrum is confused by definite or 
possible absorption features. Nevertheless, NV A1240, if 
present, is very weak. The presence of [Fe x1] 42650 is consis- 
tent with the detection of the coronal line [Fe XI] A 7892 in this 
object*’, 

The Lya profile is affected by the geocoronal emission, a 
fiducial mark (reseau) and Lya and N V absorption, but it seems 
to have comparable width to the Balmer lines”. The C Iv profile 
also is strongly affected by absorption, which makes it difficult to 
determine the FWHM, but it seems peculiarly broad with very 
extensive wings. Accounting for contributions from N Iv] 
x 1486, [Ne rv] à 1602 and possibly [Ne V] A1575 still leaves a 
very broad asymmetric line of full width at zero intensity > 
15,000 km s7', which is comparable with the broad He I lines 
observed in the visible?“ and suggests a common origin. Alter- 
natively, there may be a strong contribution from Fe IN to the 
CTV profile, as contended by Davidsen and Hartig“, but 


Fig-3 NGC4151 continuum fluxes (28 February 1978 for SW, 11 F 

’ 1978 ffor LW. see Table 1) The TUE data are averaged over bends 20-1 
avotding the exammon ines Our UBV photometry (6 March 1978) reduced 
to the TUE observing aperture, also are corrected for omsmon hnes (F) and 
eddrtionally for Balmer continuum emuson (J). The continuam data of 
Davidsen and Hartig™, obtamed on 10 February 1978, are included. The 
error bars indicate lo statistical uncertamtes in mgnal only, and do not 
_ tnetode possible calibration errors No reddening correction n applied 
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l according to the results of Viotti“ Fe M emission around À 1550 


should be accompanied by even stronger Fe MI emission 
between AA 1840 and 2020, which is absent in our data. In 
contrast, CIN] A1909 ıs relatively narrow, but a broad 
component of comparable width to that of the Balmer lines is 
clearly present, blended with Si rm] A 1892 in the blue wing. This 
sets an r limit of N,=10'° cm™ to the broad-line region. 

Ne has shown that a steep Balmer decrement can be 
produced if N, > 10° cm™, in explanation of observed inconsis- 
tencies when attempting to fit extinction-corrected Balmer line 
strengths for QSO and Seyfert galaxies to values predicted from 
radiative recombination theory, Baldwin has pointed out a 
more extreme difficulty for the intensity ratio fo Lya to HB in 
QSOs, which is directly observed or deduced to be ~3 (refs 
40-42). Recombination theory predicts values 22-40 depending 
on the extent that Lya is collisionally excited. While selective 
extinction by dust could reduce the relative intensity of Lya, 
particularly if it has a large optical depth compared to H8 and is 
multiply scattered, it is curious that J(Lya)/I(HB) is so 
remarkably constant among cases having substantially different 
apparent reddening. This matter has been further discussed 
recently by Zirin™. For the Seyfert galaxy NGC4151, 
also, we find J(Lya)/I(HB8)=4.4+2 using J(HfS)= 
6.6 107" erg cm? 8" (refs 21, 22, 24). Assuming that E(B — 
V)= 00.6 holds not only for the continuum but also for the 
permitted line region (which emits most of the flux in the 
hydrogen lines), and making a simple application of the same 
extinction law as before, gives [(Lya)/J(H8)=6.3+3. On the 
other hand, if E(B — V)= 0.24, as deduced for the narrow-line 
region from the [S n] lines, we obtain 7(Lya)/7(HB)= 18+8, 
closer to the recombination value. Note that the presence of 
geocoronal Lya, Lya absorption in the Galaxy and in 
NGC4151, and the camera fiducial mark in the red wing of the 
NGC4151 Lya line makes the measurement of this line rather 
uncertain. 

Baldwin** has found that for QSOs there exists an important 
correlation between W,,(C Iv), the rest frame equivalent width 
of the Civ A1549 emission doublet, and 1,(1450), the 
continuum luminosity at a rest wavelength A 1450 computed on 
the assumption that the redshift is a cosmological indicator of 
distance, suggesting that these objects can be used as standard 
candles. The relationship seems particularly tight if restricted 
only to the flat spectrum radio sources, as confirmed by Baldwin 
et al.*. The similar study by Osmer“ is in apparent conflict, 
showing Ws (CTV) to be independent of L,(1475), but he 
covered a smaller luminosity range and his results are consistent 
with Baldwin’s more widely ranging data. Comparing our 
(rather uncertain) value of Wa (CIv) for NGC4151 with 


Table 3 Absorptron Imes in the spectrum of NGC4151 (A < 2,000, 28 February 
spectrum ; A > 2,000, 11 February mpectrum) 


W. 
Identification a (AS Comments 
Cm"* 1,176 4t 
So 1,193 1t 
Ny 1,239, 1,243 6t 
Sig 1,260 — Weak 
S: n* 1,265 — Weak 
Or i — Poesible 
Cu, Cu’ 1,335, 1,336 3t Seems diffuse 
Sirv 1,394 3 St 
Si rv 1,403 1.5tł 
? 1,425* 1f Posable 
? 1,456* it Possible 
9 1,473* — Possible 
Civ 1,548, 1,551 >3 In strong emission line 
Alm 1,855 1t 
Alm 1,863 1t 
? 1,963" 1t Possible 
Feu 2,587~2,632 4t Broad shallow feature 
Mg u 2,796, 2,803 24 %,,<6 Teen strong emmnon ne; 
probably partly galactic 


"Wavelength measured relative to other known Hnes. 
tThe unknown contribution of the emission hnes to the local ‘contmuum’ for the 
absorption hnes makes the values of equivalent width for these uncertain 
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Fig. 4 Short wavelength spectrum of the Seyfert 2 galaxy NGC1068, 

photometrically corrected and calibrated. Emission lines are indicated, 

including suspect and apparent unidentified features. The Lya line ts 

saturated, and contaminated by geoceronal Lya. The almost complete 

separation of Lya and NV is real, not due to the fortuitous presence of the 
reseau (see Fig. 1). 


Baldwin’s relationship gives an expected luminosity log 
L,(1450) = 30.1, but we find the value 27.9, which is in serious 
conflict. Later we shall show the Seyfert galaxy NGC1068 and 
the BL Lac object B2 1101+ 38 (which is a flat spectrum radio 
source) also do not fit the relationship but the QSO 3C273 does 
fit well. We conclude that Baldwin’s luminosity relationship at 
least is not generally applicable to active nuclei, and with the 
available evidence seems to segregate QSOs from Seyfert 
galaxies and (less surprisingly) BL Lac objects. However, 
excluding B2 1101+38, we note that over the large luminosity 
range now obtaining with the inclusion of NGC4151 and 
NGC1068 with the sample of QSOs, the data broadly conform 
with Osmer’s”* results which show no luminosity dependence 
for W,, (C IV). 

From model computations Shields*’ has shown that use of 
some of the weaker emission lines allows abundance deter- 
minations that are not strongly dependent on the details of the 
photoionisation models for active nuclei; in particular, these 
are: O 111] A 1663, NIV] A 1486, N 11] à 1749 and C m] A 1909. 
Baldwin and Netzer” made a refined analysis and find some 
minor modifications to Shield’s results. Using Shield’s relation- 
ships we find the relative abundance N/C is 0.16 from 
N rv]/C IV and 0.13 from N 11}/C 18}. Baldwin and Netzer” 
find N u1]/C 1] is ~1.5 larger in their analysis, and using their 
correction we obtain N/C = 0.09. For O/C and N/O we obtain 
1.37 and 0.20 from use of O 111]/C Iv and N tv]/O 11} respec- 
tively, Given the uncertainties in our line fluxes, these values are 
reasonably self-consistent and give relative abundances N/C/O 
which are comparable with solar values’*’. 

Our two short wavelength spectra were obtained 17 d apart 
(Table 1). Although the 11 February exposure is somewhat out 
of focus and underexposed, there is clear absorption present at 
Crv 41550, Si 1v AA 1394, 1403 and C 0 AA 1335, 1336. If N v 
41240 is present it is rather weak. Our well-exposed and 
in-focus spectrum of 28 February shows the several lines listed 
in Table 3. N v is strong, C H seems weaker, and C IV stronger 
with the absorption more centrally placed in the emission line, 
than on 11 February. C H seems rather diffuse (28 February 
spectrum), contrasting with the sharp Si IV and Si H lines. Time- 
varying structural differences between the Hel A 3888 and 
Balmer line absorption features have been observed in the 
optical spectrum'*'**. In the spectrum obtained by Davidsen 
and Hartig one day earlier than our first spectrum, N V, Si IV 
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and C IV seem absent, Si H and C H are strong, and there may be 
other features. Their resolution is lower than ours, and C IV, for 
example, may be present but lost in the strong emission profile. 
However, at face value there is evidence that the ionisation of 
the absorption system has changed greatly over the period of 
18 d between the observations of Davidsen and Hartig and our 
good 28 February spectrum, and to some degree in the one day 
between their observation and ours of 11 February. Some 
change in line strength is evident over 17 d from the IUE data 
alone. The dramatic increase in ionisation apparent from the 
time of Davidsen and Hartig’s observations is accompanied by a 
large increase in the far UV continuum flux discussed earlier, if 
real. 

The presence of the C 111* A 1176 absorption line, which arises 
from the metastable 2p *P® state, is consistent with the excitation 
of the optical spectrum***?'*°. Sim* A1265 arises from an 
excited fine structure level, and seems comparable in strength to 
the ground state line A 1260, suggesting that the electron density 
in the absorbing region is N, > 10* cm”? if the level is populated 
by collisions at T.~ 10* K. However, the Sill lines are only 
marginally detected. 

At our relatively low resolution we cannot determine the true 
depth of the absorption lines, but it is clear from the observed 
depths of the various strong absorption features that not only the 
continuum but also a substantial fraction of the broad-line- 
emitting region is covered by the absorber. Thus, the absorbing 
region cannot be a component (filament) of the broad-line- 
emitting region but must be more extensive and outside it. A 
similar conclusion was reached by Anderson”? from the optical 
data. 


NGC1068 


NGC1068 is the archetype of class 2 Seyfert galaxies, and 
has been well studied at optical, IR and radio wave- 
lengths 67034-6368. it shows no convincing variability. It has an 
IR nucleus ~ 100 pc in diameter, which is inconsistent with a 
single non-thermal source, but is consistent with emission from 
heated dust**. Emission features due to H, are present in the IR 
spectrum®’, and the absorption feature near 9.5 jm which has 
been attributed to silicates is strong™. It has somewhat broader 
lines than other Seyfert 2 galaxies, with FWHM about 
1,200 kms”', but they are still considerably narrower than in 
Seyfert 1 galaxies. The lines have an asymmetric form with much 
velocity structure, and spatial structure discernible on a scale of 
1” or 70 pe (ref. 65) and extending over ~ 8" (ref. 59). The line 
emitting region is physically complicated, having regions of 
different density, filling factor and degree of shadowing from the 
continuum source’’**. NGC1068 is another of several Seyfert 
galaxies found to emit the coronal line [Fe x1] A7892 (ref. 45). 

NGC1068 was observed by IUE only with the short 
wavelength camera. The spectrum is shown in Fig. 4. Only 
emission features are definitely observed, and these are listed in 
Table 4. The spectrum was over-exposed in Lya, and this line 





Tabie 4 Emission lines in the spectrum of NGCi068 
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also is contaminated by the geocoronal emission, so we have no 
reliable flux estimate. The almost complete separation of Lya 
and N V A 1240 is real, not due to the fortuitous presence of the 
reseau (see Fig. 1). 

Continuum fluxes, mostly averaged over about 40A and 
avoiding the emission lines, are shown in Fig. 5, together with 
part of Wampler’s*’ spectrophotometry also avoiding emission 
lines and reduced to the IUE observing aperture with the aid of 
the data of Penston et al.’°. We find a =2.4 fitted to the usual 
power law as a mean over the whole optical and UV region 
included in Fig. 5. With our aperture, the visual flux of the 
nuclear source is much weaker than that of the underlying 
galaxy'* but in the far UV (TUE) region, where contamination 
from the galactic component is negligible, we obtain the 
important result that the continuum clearly is a power-law 
spectrum, with a œ 1.8 (not accounting for reddening); there is 
no unambiguous evidence of a power-law continuum in the 
optical region. We have no direct estimate of reddening from the 
TUE data (the region containing the A2200 absorption feature 
was not observed) but if we apply a correction based on the value 
E(B — V)=0.5 derived from the [S r] lines and the Balmer 
decrement" the resulting spectrum is highly inconsistent with 
a power law continuum, suggesting that E(B — V) for the 
continuum is much smaller (= 0.15) and implying a » 1.4. 
However, a flatter continuum than observed may be needed to 
explain the presence of [Fe XI] (ref. 45) and the observed value 
of 1(He*)/1(H°) (ref. 57). 

The different degrees of reddening deduced for the 
continuum and emission line regions again shows that the 
continuum is not completely surrounded by line-emitting gas. 
This is consistent with optical and radio data ^’. 

The spectrum of NGC1068 shows strong, relatively narrow, 
emission lines of Lya, N VA 1240, C rv à 1550, He 1A 1640 and 
C mj A1908 (Fig. 4 and Table 4). Several weaker lines are 
definitely present, including Si tv +O Iv] A1400, N Iv] à 1486 
and N nij à 1749. 

Comparing our value of W,, (CIV) for NGC1068 with 
Balidwin’s** empirical relationship coupling this quantity with 


Fig. 5 NGC1068 contyjuum fluxes The IVE data are averaged over about 

40A bands Wampler’s’> spectrophotometry 1s reduced to the IUE obser- 

ving aperture. Both sots of data are chosen to avoid emmston hnes The error 

bars indicate lo statrstrcal uncertainties only. No reddenmg correction s 
applied. 
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Fig. 6. Short wavelength spectrum of the QSO 3C273, photometmeally 
corrected and calibrated. Emission and absorption lines are indicated (see 
related comments in the caption to Fig 2) 


L,(1450), as we have done for NGC4151, gives an expected 
luminosity log L,(1450) = 30.1, but we again find a much lower 
value, 27.4. Thus, we find serious (and similar) departures from 
Baldwin’s relationship for both the Seyfert galaxies studied 
here. 

Calculating the relative abundance N/C from the work of 
Shields*’ and Baldwin and Netzer’, as before, we find the value 
~ 1.0, nearly six times the solar value’*’. Shields and Oke” find 
a fourfold over-abundance for N/O from optical data for this 
object. 


3C273 


Like the other bright extragalactic objects discussed here the 
QSO 3C273 (Zem = 0.158) has been very well studied at all 
available wavelengths” 14424, Far UV observations preced- 
ing the present work were made by Wu* and Davidsen et al.*’. 
Apart from being the brightest QSO, 3C273 is also one of the 
most luminous. It is only moderately variable in the radio, IR, 
optical and X-ray regions”. VLBI radio measurements 
indicate a double component apparently separating at a pro- 
jected linear velocity ~ 4c (ref. 80). 3C273 is among compara- 
tively few QSOs which show the forbidden lines to be very weak, 
indicating that there 1s very little low density gas in the line- 
emitting region”. It 1s also rare in showing strong Fe II emis- 
sion 77". 

3C273 was observed by IUE with both spectrograph cameras, 
as detailed in Table 1. One of the two short wavelength spectra 1s 
shown in Fig. 6. Emission features are listed in Table 5 Weak 
absorption features are also present, listed in Table 6, but are 
not easy to discern in Fig. 6 because at this time the telescope 
focus was rather soft (in Fig. 1 compare the raw spectrum of 
3C273 with that of NGC4151 which was in sharp focus, 
although trailed) We identify all but one doubtful line as ansing 
in interstellar gas in the Galaxy. Corresponding hydrogen 
absorption at Lya is not observed, but this region ıs masked by 
geocoronal Lya emission as a consequence of using the large 
entrance aperture, 

The continuous spectrum of 3C273, with measurements 
averaged over bands 20-50A wide avoiding the emission lines, 
is shown in Fig. 7. We include our UBV photometry, and Wu’s*® 
ANS photometry, both corrected for emission lines, and the 
continuum data of Davidsen et al.“*. Assuming the usual power 
law we find a™1.0 for the slope of the continuum over our 
whole observed UV (TUE) range, uncorrected for possible 
reddening. In optical range, as is well known*””*, the spectrum is 
much flatter and contains strong Balmer continuum emission (in 
the U- and B-channel). Davidsen er al.“ argue that for 3C273 
there is no internal reddening and for galactic reddening they 
deduce E(B — V)=0.01; but Wu? estimates E(B ~ V)=0.07 
for galactic reddening, and from an apparent absorption at 
redshifted A 2200 obtains E(B — V)= 0.13 for internal redden- 
ing. At least for the line emitting region, internal reddening is 
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Fig. 7 3C273 continuum fluxes. The IUE data are averaged over bands 
20 0A ee es ikes Our UBV photometry and the 
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character of these continuum data as 3273 = known not to be highly 
variable. 


suggested by the obeerved Balmer decrement, which is steeper 
than the predicted recombination values and perhaps indicates 
E(B — V)=0.69 (ref. 75), although reddening alone does not 
seem a sufficient explanation”. However, reddening is not 
confirmed by the ratio Pa/Ha (ref. 83), nor the helium line 
strengths ’’, showing that the situation is more complicated than 
7373 The IUE spectrum is somewhat contaminated 
near thé redshifted position of the A 2200 dust feature, but there 
is no sign at all of broad absorption at this wavelength, and on 
this basis we conclude that internal reddening is small for the 
3C273 continuum. 
3C273 shows strong line emission at Lya and CIV A1550, 
moderate emission at Ly8 +OVI A1035, N V à 1240, Si rv + 
O rv] à1400, Cum] A1909 and Mg u A2800, and has some 
definite or possible weaker lines, as shown in Fig. 6 and Table 5. 
There is no obvious difference between the UV emission line 
spectrum of 3C273 and those of high redshift QSOs observed 
optically7*******, except that C m] A1909 seems weaker than 
average, suggesting a relatively high density in the lme emitting 
region. The ratio of line strengths I(N v A 1240)/I(Ly), ~0.09, is 
within the range observed for high redshift QSOs, which show a 
wide variation in this ratio . Once more we find that the 
ratio I(Lya)/I(H8) is much lower than predicted by recom- 
bination theory; combining our measurement of the Lya flux 
with the value obtained by Davidsen et al. and com Fe ea this 
with previous -measurements of the H8 flux” 
I(Lya)/(HB)=5.5+2. Again we note the Se obs 
constancy of the observed ratio. Assuming no reddening in the 
line-emitting region but applying Wu’s® galactic reddening cor- 
rection raises the ratio to 7+3; using the smaller correction of 
Davidsen et al.*? gives the value 6+2. 
Comparing our value of W,, (Crv) for 3C273 with 
Baldwin's”? luminosity relationship, as before, gives an expected 
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luminosity log F,(1450) = 30.6. Our observed value is 31.0, in 
good agreement. As already stated, with the available evidence 
the range of validity of Baldwin’s relationship among active 
nuclei seems to be restricted to QSOs. Baldwin’s result is not 
expected from simple photoionisation models which naturally 
lead toa constancy of equivalent width with luminosity, as found 
by Osmer™: for a given spectral index the continuum flux is an 
indicator of the energy available for heating the gas and the C Iv 
line is a good measure of the energy emitted by the gas; hence 
the equivalent width, that is, the line strength expreased in terms 
of the continuum, should be independent of luminosity. 
However, Osmer“ does find a significant luminosity depen- 
dence for'W,,(Lya), also noted by Baldwin*’, to an extent not 
expected in the photoionisation model. 

The optical Fe emission lines in 3C273 all arise from 
transitions between odd-parity levels at ~ 5eV and even-parity 
levels at ~ 3eV (refs 82, 113). The transitions from these 36V 
levels down to the lower-lying levels of the gound state are 
forbidden. These [Fe n] transitions are not observed in 3C273, 
indicating: that the electron density N,>10’cm™ in the Fem 
emission region. The most likely mechanisms for producing the 
observed Fell emission are resonance fluorescence of 
continuum radiation? and collisional excitation’*#*!"*""5 the 
former being the one generally preferred although the cor- 
relations implied by this mechanism are not observed’**. The 
strongest Fe NO lines in 3C273 belong to multiplet 42 (AA 4924, 
5018 and 5169). A test of resonance fluorescence is to observe 
the spectral region of the resonance lines in multiplet 3UV 
(around 492340) and look for absorption of continuum pho- 
tons’’*, No such absorption is observed for 3C273. (Fen 
absorption lines are present in NGC4151, which also shows 
weak optical Fe li emission, but these are most likely in part due 
to the unusual absorbing region observed in this object and in 
part galactic). Model calculations™''* imply nearly complete 
conversion of the UV continuum to explain the strength of the 
optical Fe O emission, $0 it is surprising that no obvious absorp- 
tion is present. On the other hand, collisional models predict 
strong emission in the resonance lines™, which also is not 
observed. In fact, the fluorescence models also predict strong 
resonance: line emission, complementing the continuum 
absorption in the same lines. Depending on the geometry of the 
line-emitting region, fluorescence models could produce either 
net absorption or emission in the resonance lines, so the failure 
to observe either does not rule out the mechanism™ - Again, 
collisional models imply a very large optical depth in the 
resonance lines and substantially all resonance photons may 
then be destroyed through the leak which gives the optical lines. 
The effect of increasing optical depth has been discussed by 
Jordan’. But then resonance fluorescence of continuum radia- 
tion would also occur, so collisional excitation alone is not likely 


‘ Table 3 Exnesion ines in the spectrum of 3C273 
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Table 6 Absorption lines in the spectrum of 3C273 
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Identification (A ) Comments 
Or 1,302 Galactic 
Cir 1,335 Galactic 
? 1,3747 Possible 
Aln 1,671 Galactic, possible 
tUncertain 


to be responsible for the strong optical Fe 11 emission. Detailed 
model predictions are required to resolve this question. (See 
note added in proof.) 

The very efficient conversion of the UV continuum into 
optical emission required if resonance fluorescence is the prin- 
ciple excitation mechanism implies 0.5-1.0 of the sky as seen 
from the continuum source is covered by optically-thick 
clouds®*. This conclusion also seems consistent with the large 
equivalent width of H8 generally observed*°**. However, we 
would then expect W,,(Lya)= 700 A for a continuum slope 

=1*° but the observed values, as for 3C273, are about an 
order of magnitude smaller. The known general absence of 
Lyman continuum absorption in the rest frame of high redshift 
QSOs* implies that <0.1 of the continuum radiation is inter- 
cepted by optically thick clouds. This is consistent with the 
observed Lya equivalent widths (if Lya@ has not been strongly 
attenuated) and also with model calculations embodying other 
UV lines observed in high redshift QSOs°’, yet is inconsistent 
with the H@ (and Fe II) strengths which become anomalously 
high for a covering factor <0.1. 

Narrow absorption lines resembling the interstellar lines of 
our Galaxy are frequently observed in the spectra of QSOs and 
BL Lac objects. In general, these lines may be grouped into one 
or more systems corresponding with the apparent wavelengths 
of transitions in a physically plausible group of atoms or ions 
exhibiting the same, although arbitrary, redshift? **. Such 
absorption systems range in redshift from being comparable 
with the associated emission line redshift, to having very much 
smaller values which in some cases give a velocity relative to the 
QSO exceeding 0.6c. The general character of the absorption 
lines does not seem to differ for systems widely ranging in 
redshift, and velocity relative to the QSO. However, for QSOs 
of sufficient redshift to bring the Lya emission line into the 
observable optical range, it is striking that most of the absorp- 
tion lines fall shortwards of Lya emission, and that the bulk of 
these cannot be grouped into convincing absorption systems. It 
is generally accepted tha: these unidentified lines represent Lya 
absorption in gas extending to lower redshifts than the QSO 
against which they are observed and for which lines of other 
elements are too weak to be detected”. In support of this is the 
frequent identification in these cases of one or more other 
members of the Lyman series’’”’. 

The question of the origin of QSO absorption lines has been 
greatly discussed”? In principle, the narrow-line absorbing 
regions may be intrinsic to the QSOs, having been somehow 
ejected at velocities up to the very high values observed, or they 
may be cosmologically distributed in direct association with 
galaxies or as intergalactic clouds. The outflow hypothesis has 
several difficulties, principally the implication of implausibly 
large mass and momentum flow relative to the QSO”’"'°°, and 
the balance of evidence now strongly favours the cosmological 
hypothesis. On the other hand, the very broad-line absorption 
present in some QSOs is probably intrinsic’. 

From the observed frequency of absorption systems contain- 
ing heavy elements, if related to galaxies, the effective size of a 
galaxy seen in absorption must be several times its arbitrary 
Holmberg dimensions’°*?°*"°’, However, as pointed out by 
Bahcall and Spitzer’®’ the gas density required to produce 
absorption lines is so low that it would not be surprising if the 
maximum dimensions for measurable absorption in a line were 
much greater than the dimensions detected in other ways, and 
they suggested that the observed lines could be produced in 


ali 


extended low density haloes of normal galaxies. Direct evidence. __ 


that heavy element absorption lines in QSO spectra can bes 
caused by the interception of the outer regions of spiral galaxies 
well outside the Holmberg dimensions comes from the detection — 
by Boksenberg and Sargent’”’ of Ca H absorption lines in the 
spectrum of the QSO 3C232 (Zem = 0.5303) at the same redshift 
as the galaxy NGC3067 which lies 1.9 arc min away in the plane 
of the sky, or about 1.5 Holmberg radii (using Ho = 
50kms 'Mpc™'), following the discovery by H 

Burke'!? of H21 cm absorption in this system. Taking into 
account the inclination of NGC3067, the line of sight intersects 
the plane of the galaxy at a radial distance greater than 6 
Holmberg radii out from the centre. However, the charac- 
teristics of the absorption system point to it arising in the outer 
halo of NGC3067 not the disk extension” 

For 3C273 we find absorption lines only at zero redshift 
(Table 6), presumably arising in our Galaxy. Corresponding 
galactic Ca H absorption has been reported by Greenstein” 
Wagoner’ has computed the probability that light received 
from a distant QSO be intercepted by an intervening galaxy and 
show absorption lines. Assuming an effective cross-section 10 
times the area defined by the Holmberg dimensions, Wagoner's 
data still give only 0.05 as the probability of interception along 
the line of sight to 3C273, which is consistent with our null 
detection. This further supports the cosmological hypothesis for 
the absorbing material. On the outflow hypothesis the pro- 
bability of detecting absorption systems is not expected to 
depend strongly on the redshift of the QSO. 

Turning to the consideration of the Lya absorption lines 
normally seen optically in the spectra of high redshift OSOs, 
even if the resolution of our 3C273 spectrum were not sufficient 
to separate these lines, if present, we would expec them to blend 
into a marked depression of the apparent conti hortwards 
of Lya emission. Neither we nor Davidsen et: erve such a 
depression. The observed number density of t -absorption 
lines seems to increase quite rapidly with redshift, with objects 
of Zen ~ 2 showing a markedly lower absorption line density 
than those of Zem ~ 3. Our null detection for 3C273 follows this 
trend and again supports the cosmological hypothesis. There is 















Fig. 8 B21101+38 continuum fluxes. The IUE data are averaged over 

S0A bands. The UBVI photometry are approximately concurrent with the 

IUE measurements (see Table 1}. Errors are estimated only from the le 
statistical uncertainty in signal. No reddening correction is applied. 
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evidence that the Lya absorption systems represent in part very 
extended outer regions of galaxies where the density is too low 
to allow star formation and the gas still has primordial composi- 
tion, and in part truly-intergalactic gas not bound: to galaxies’. 


B2 1101+38 


B2 1101+38 (= Markarian 421) is a radio-faint galaxy!" 
identified as a BL Lac object!!*!!? and also is an X-ray 
source?! It is among a few BL Lac objects observed to be 
surrounded by a nebulosity. Three absorption features in the 
spectrum of the nebulosity are consistent with being Ca 0 K, H 
and the G-band at z = 0.03 (refs 118, 121) and may be inter- 
preted as originating from the main body of an elliptical galaxy 
having an extremely bright nucleus. BL Lacertae itself is similar, 
with z=0.07 (refs 122-125). Five galaxies within 15’ of 
B2 1101+38 are found also to have z = 0.03, showing that this 
object belongs to a cluster of galaxies’*’. 

BL Lacertae objects in general appear similar to variable 
QSOs except that they lack strong optical emission lines. For a 
review of BL Lac objects see Stein et al.’”. Attempts to explain 
the absence of emission lines are usually based on (1) the 
supposition of a lack of UV photons to ionise a surrounding gas; 
(2) the absence of any such gas; or (3) a combination of both. 

In our extension into the far UV there are still no emission- 
lines evident in the spectrum of B21101+38. There is, 
however, a strong non-thermal continuum. In Fig. 8 we show the 
IUE continuum measurements and include our UBVI pho- 
tometry (see Table 1). Assuming a power law spectrum of the 
usual form F, oc» ™ we obtain a = 1.2 as a mean value over the 
observed range. The radio spectrum is flatter, with a =0.26. As 
there is no sign of Lya absorption at z = 0.03 (which would be 
clear of the geocoronal Lya emission) we may assume that the 
observed UV spectrum extends well into the Lyman continuum. 
This is supported by the measurements of the possible X-ray 
counterpart by Ricketts et al.’ which indicate a steady 
component of 0.7 Ariel 5 count 8”* (sometimes brightening by 
up to a factor 20) while extrapolation of our continuum predicts 
0.5 counts s`. There may be slight reddening, as our data are 
too noisy to confirm the absence of a weak absorption feature at 
local or redshifted A2200, but there 1s no strong reddening so 
indicated. 

If photoionisation is the source of line emission we may 
calculate the equivalent width of H in terms of the photoionis- 
ing continuum, assuming that the gas which gives rise to line 
emission is optically thick and completely surrounds the 
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continuum source. Using the expression given by Penston and 
Fosbury™ (taking a continuum high-frequency cutoff at A228) 
we obtain W, (HS)=50A for a = 1.20. (There is an omission in 
their expression as given; the correct expression is 
0.553\-*[ kK" —1 
esse (as S TH 
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where K = 0.553 or 0.250 with the continuum high-frequency 
cutoff at A504 or A228 respectively, and a is defined above). If 
the intensity ratio of Lya to HB is ™3, as is now commonly 
observed or deduced (see above) and using 


I(Lya)/1(HB) = (4861/1216)"~ W, (Lya )/ W, (HB), 


then W,(Lya)~50A. Our observed upper limit is W, (Lya)< 
10A. In the previous section we have discussed the conflicting 
evidence regarding complete (or nearly complete) coverage of 
the photoionising source. However, the Hf strength normally 
observed in QSOs and Seyfert galaxies is well explained in this 
way. Thus we may conclude at least for B2 1101+38, and 
probably for BL Lac objects in general, that the absence of 
emission lines is due not to a deficiency of ionising flux, but of gas 
in the physical or geometrical state normally found in the 
line-emitting regions of low redshift QSOs. A similar conclusion 
follows from the lack of detectable X-ray absorption in such 
objects“. 

_ From Baldwin’s* empirical relationship coupling W,,(C Iv) 
with L, (1450), discussed above for NGC4151, NGC1068 and 
3C273, we expect from our continuum flux that W,,(C Iv) = 
590A, but our observed upper limit is W, (CIv)< 15h. Again 
we have a serious departure from Baldwin’s empirical relation; 
it is interesting that B2 1101+38 has a flat radio spectrum and 
Baldwin finds his correlation is particularly tight for QSOs with 
such spectra. 


M81 | 

The central region of the well-studied spiral galaxy M81 was 
observed only with the short wavelength spectrograph on IUE 
(Table 1). The signal obtained was low, and to increase the 
signal-to-noise ratio we binned the data into 100A bands, as 
shown in Fig. 9 which also shows the BV photometry of Brandt 
et al.” and the narrow band photometry of Spinrad and Tay- 
lor’? and Peimbert’”’. The Spinrad and Taylor results were 
normalised to Peimbert’s at à 5360. These are all reduced 
effectively to the same observing aperture as used for the IUE 
data. All the observed data are de-reddened using E(B — V)= 
0.06 (ref. 128), and the extinction law of Code et al.™ in the UV. 


Fig. 1@ Spectrophotometry and photometry of the central repoa of the 


giant elliptical galaxy M87 The long wavelength IUE date are averaged over 

100 A bands and inctode only 1c statistical uncertamntios in signal The 

photometry are from refs 137 and 139 and are reduced to the TUE observing 
i aperture No reddening correction s applied 


-log F, (erg m=? s~! A-') 





Nature Vol. 275 5 October 1978 


We also show a theoretical extension of the optical data into the 
UV calculated from the stellar population of Spinrad and Tay- 
lor’* and the appropriate UV stellar fluxes from the TD1 $2/68 
instrument’. 

The observed IUE spectrum clearly does not arise from the 
assumed stellar population, whose emission is dominantly from 
G-type subgiants, but in magnitude agrees well with Peim- 
bert’s'? estimate of the fluxes required from a hot star popu- 
lation (late O-type) needed to explain the intensity of the 
observed Ha and [O mj] emission in this object. However, our 
flux distribution has the wrong slope for Peimbert’s assumed 
stellar population, and is fitted better by a mean AO spectrum, 
but this will not be able to provide the required photoionising 
flux. Alternatively, the observations are well-explained by a 
non-thermal continuum source of spectral slope a™2. The 
radio nucleus of M81 is known to be variable and is about 10* 
times more luminous than the compact radio source at the 
galactic centre”. 


M87 


The peculiar EO galaxy M87 (= NGC4486 = Arp 152= 
3C274 = Virgo A) is an active (core-halo) radio source with 
compact central components’? It also has compact and 
extended X-ray emission'*'™, and there is evidence for ejec- 
tion of mass from the nucleus in the form of optical jets 5, 
and for a massive black hole in the nucleus’*”?°*, 

M87 was observed by IUE only with the long wavelength 
spectrograph. Again we binned the data into 100A bands to 
increase the signal-to-noise ratio. The results are shown in Fig. 
10. We include BV photometry from de Vaucouleurs and 
Nieto’? and Young et al., reduced to the same observing 
aperture as for the [UE data. 

From our UY data, an early G-type spectrum is indicated for 
the nuclear region of M87. Late G-type to early K-type 
(dominant in the visible flux) is too cool, as for this an absorption 
edge cuts off the flux below ~A2640. F-type subgiants can be 
ruled out as the slope is wrong and the absorption dip at A2400 
present in F-type stars’® is not evident in the TUE spectrum. 
Actually, there is marginal evidence for an emission peak (per- 
haps [Ne rv] A 2424). There may also be some contribution from 
a non-thermal continuum, which is expected for this object. 

We thank J. McClintock for optical spectra of NGC4151 and 
3C273, P. R. Wesselius and D. J. Carnochan for results before 
publication, and D. C. Morton and J. B. Oke for helpful 
comments. 


Note added m proof, Recent computanons'** '“* suggest obecrvatonal evidence 
does pomt strongly to collimonal excitation as the dominant mechanism pro- 
ducing Fe 0 optical emrasson Imes 
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TUE observations of Solar System objects 
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During the scientific commissioning phase of IUE several 
spectra were acquired from objects residing in the Solar 
System. The activities focused on testing numerous 
parameters which would indicate the usefulness of IUE for 
planetary science. It seems that TUE can successfully tackle 
many important questions and the data analysis and 
interpretation of the initial set of observations has begun. 


IUE PROVIDES an excellent way for acquiring UV spectra in 
the wavelength region shortwards of the Earth’s ozone cutoff 
(about 3,100 A). The UV vidicons, when properly erased and 
prepared for use, can be exposed for several hours on very weak 
planetary emissions. This integration time, and the ability of the 
spacecraft to be adjusted to track on planets or their natural 
satellites for extended periods, combine to provide an overail 
capability which is well beyond the reach of sounding rockets. 
The low resolution channel (linear spectrum) has a spectral 
resolution of 7-8 A FWHM, much like the classical rocket and 
satellite spectrometers now in use. The high resolution mode 
(echelle spectrum) gives a spectral resolution in the range 0.1- 
0.2 A FWHM. (The scientific instrument is described by 
Boggess et al.') Either the large 10 x 20 arc s slot or the 3 arcs 
circular aperture can be used for studies requiring spatial 
resolution, if the tracking can be adjusted and maintained to ~ 1 
arc s during an exposure. The sample spectra which were record- 
ed during the IUE commissioning phase show some of the 
possibilities for future studies with Solar System objects. Table 1 
represents the wide range of objects examined. The efforts 
centred around acquiring exposure times for reasonable signal- 
to-noise ratio spectra and becoming familiar with the IUE 
capability. No definitive study of any one object was performed, 
but an overall analysis of what further studies would be possible 
was accomplished. 

Figure 1 reproduces a single long-wavelength spectrum of 
Mars, acquired through the small, 3 arcs aperture. Useable 
information is obtained down to 2,200 A. The decrease in signal 
strength longwards of 2,900 A is the result of the threshold of 
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the caesium telluride photocathode in the UV quantum con- 
verter which is in front of the vidicon faceplate. The spectrum 
was obtained by placing the small aperture over the 8 arcs 
diameter disk of Mars, and using the fine error sensor (FES) to 
lock onto the ‘spill-over’ light. The exposure was short enough 
(15s) to not require trimming of the spacecraft gyros to the 
non-sidereal motion of Mars. The strong Mg I and Mg H solar 
absorption lines are easily detected at 2,852 and 2,795 and 
2,802 A, respectively. Just longwards of 2,900 A, the spectrum 
saturated slightly, but the data became valid again at 2,960 A. 
Although the signal is not strong in the 2,400-2,600 A region, 
no pronounced absorption band is seen around 2,550 A where 
the Hartley band system of ozone has its maximum absorption. 
If substantial ozone were present in the martian atmosphere, 
one would expect to see an absorption bowi in the Mars spec- 
trum’. To enhance the detectability, within the limits of the 
statistics of a single spectrum, the Mars spectrum was compared 
with a lunar spectrum also obtained with IUE. This is displayed 
in Fig. 2. No apparent minimum is observed and the slope of the 
ratio represents the albedo differences of the two bodies. The 
Mars spectrum was recorded while its northern hemisphere was 
in late spring (L. = 70°) and the north polar region was tipped 
towards Earth, substantially obscuring the south polar region. In 





Table 1 Objects from the Solar System observed using IUE 





Object Wavelength range Dispersion 
Mars Long High and low 
Short Low 
Jupiter Long High and low 
Short Low 
Saturn Long Low 
Uranus Long Low 
Short Low 
lo Long Low 
Ganymede Long Low 
Titan Long Low 
Moon Long High and low 
Short Low 
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1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 
Wavelength (A) 


Fig. 1 Long wavelength, low resolution spectrum of Mars record- 
ed on April 1978 with a small aperture. The system response 
function has not been removed. Exposure time is 15 s. 


this configuration the northern hemisphere contributed ~ 60- 
65% of the total reflected light. The water vapour content of the 
Mars lower atmosphere becomes considerable during the late 
spring and its subsequent photodissociation leads to a process 
which inhibits ozone formation*”’. Mariner 9-observed about 
10 » atm of ozone near the north pole of Mars at the equivalent 
seasonal time in 1972 (ref. 6), but detected no ozone near the 
equatorial region. Because the aperture was locked onto the 
centroid of light at least 14 arc s of the north polar region of Mars 
was excluded from the spectrometer. It is highly unlikely that 
ozone would have extended southwards from the north polar 
region to latitudes as far south as +45°. Thus, if the seasonal 
characteristics in 1978 were similar to those in 1972, virtually no 
ozone should have been in the martian atmosphere which was 
included in the aperture. Confirming studies of the ozone 
seasonal characteristics will have to wait until about December 
1978 when the winter—spring transition can be observed in the 
southern hemisphere and when one should expect to detect 
atmospheric ozone. 

Acquiring data from the jovian system requires special 
considerations and techniques. Figure 3 displays the reflected 
light spectrum of Io (J1), Jupiter’s innermost galilean satellite. 
The region near 2,900 A is slightly saturated and fiducial marks 
on the camera faceplate account for the two apparent absorption 
features near 2,580 and 3,305 A. An observation time was 
chosen when Io and Ganymede were simultaneously near elon- 
gation, as seen from Earth, and had minimal differential motions 
for several hours. The tracking procedure required FES 
acquisition of Jupiter, which is much too large and too bright to 
be useable for the tracker, followed by FES lock-up on Gany- 
mede. The spacecraft gyros were trimmed to the Ganymede 
celestial motion and Io was subsequently manoeuvered into the 
large slot. The FES continued to lock on Ganymede while the 
10 min exposure was in progress. Direct tracking on Io with the 
‘spill-over’ light surrounding the large or small aperture (the 
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Flux rato (arb unrts) 


2,300 2,400 2,500 2,600 
Wavelength (A) 
Fig.2 Ratio of the spectrum of Mars (Fig. 1) to that of the Moon. 
Both spectra were recorded with IVE and the ratio was constructed 
from data which had received identical processing. The flux ratio is 
in arbitrary, linear units. No eo a a 
2,550 
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method used for Mars) is generally not possible because the 
scattered light from Jupiter is about equal to the ‘spill-over’ light 
from Io at Io’s position in the tracker field. Europa (J2) may also 
have to be handled by this differential guiding technique, but 
Ganymede and Callisto are sufficiently removed from the visible 
scattered light domain of Jupiter to be directly tracked most of 
the time. Whenever any satellite is too close to Jupiter, within 
~7 jovian radii, differential tracking will be necessary. This 
condition will also be true for satellite studies of the saturnian 
system. The spectrum of Jo has not undergone extensive analysis 
because the data were acquired during a high radiation back- 
ground portion of the IUE orbit and more background noise 
removal is necessary before proceeding further. Nonetheless, 
acquisition of Io’s spectrum certainly demonstrates one of the 
capabilities of TUE. 


1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 
Wavelength (A) 
Fig.3 Long wavelength, low resolution spectrum of Io using a 
large shot. The system response function has not been removed. 
Exposure time is 10 mm 


The observation of Solar System objects with IUE is more 
complicated than that required for the classes of stars and 
galaxies for which IUE was originally designed. The significant 
differences are: (1) the range of visual magnitude brightness is 
very large, from —4 for Venus to fainter than +11 for some 
satellites of Saturn. This complicates acquisition and tracking. 
(2) Most of the bodies in the Solar System move at non-sidereal 
rates. Special tracking procedures need to be developed to 
acquire spectra of planetary satellites, regions of the bright disks 
of Jupiter, Saturn, Mars, Venus and the Moon. (3) All of the 
objects in this class echo the time variable solar spectrum, to first 
order. To examine the spectral range from 1,150 to 3,200A 
requires numerous exposures to cover a 10° brightness range 
with a detector system which is linear over about a ratio of 25 in 
object brightness in the UV. (4) Perhaps the most pressing 
complication facing IUE planetary observers is the acquisition 
of comparison solar spectra. Ideally they should be acquired by 
TUE itself so that all of the instrumental parameters are 
removed. IUE cannot look directly at the Sun, but the fully 
illuminated disk of the Moon near zero phase angle seems to be 
the best current choice for monitoring the solar spectrum. Some 
minor tracking difficulties still remain for accomplishing this, but 
they seem to be solvable. Alternate G type stars are being 
examined as another possibility to tie together solar spectral 
references. 

All of these difficulties are temporary and excellent progress is 
being made to develop a powerful, useable system for the study 
of the Solar System in the UV. A brief inspection of the data 
acquired so far confirms that IUE is capable of ‘providing 
measurements which can supply crucial answers to several of the 
more significant problems in planetary science. 


1. Boggess, A ot al Nature 275, 356-361 (1978) 
Lane, A L, Berth, C A, Hord, C W & Stewert, A I kana 18, 102-108 (1973) 
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Nucleosomes are assembled by an acidic protein 
which binds histones and transfers them to DNA 


R. A. Laskey, B. M. Honda, A. D. Mills, & J. T. Finch 


MRC Laboratory of Molecular Biology, Hulls Road, Cambndge, UK 


The nucleosome subunits of chromatin are assembled from 
histones and DNA by an acidic protein which binds 
histones. The nucleosome assembly protein has been 
identified and purified from eggs of Xenopus laevis. 


DNA IN eukaryotic chromosomes is packed into a repeating 
chain of nucleosome subunits, each consisting of an octamer of 
histones complexed to approximately 200 base pairs of DNA 
(for reviews see refs 1 and 2). This article describes the 
identification and purification of a protein which binds histones 
and transfers them to DNA to form nucleosomes. The 
nucleosome assembly protein has been purified from unfertil- 
ised eggs of the frog Xenopus laevis by fractionating a cell-free 
nucleosome assembly system”. The cell-free system converts 
purified DNA into a regularly repeating chain of nucleosomes at 
arate of 5 x 10’ nucleosomes per s per egg’ using either the egg’s 
endogenous histone pool** or exogenous sources of purified 
histones. Assembly is not dependent on DNA synthesis’. The 
products obtained when DNA is incubated in the cell-free 
system were recognised as chains of nucleosomes by the criteria 
of: (1) sedimentation, (2) buoyant density, (3) beaded appear- 
ance in the electron microscope, (4) localised resistance to 
micrococcal nuclease, (5) histone dependence and (6) insertion 
of superhelical turns into relaxed circular DNA*’. We have used 
histone dependent insertion of superhelical turns into relaxed 
circular DNA asa rapid assay for nucleosome assembly because 
Germond et al.* have shown that the number of superhelical 
turns is directly related to the number of nucleosomes on the 
DNA. This supercoiling activity should not be confused with the 
DNA gyrase of prokaryotes which also inserts superhelical turns 
into DNA’. In contrast to the activity we describe here, DNA 
gyrase requires ATP but does not require stoichiometric 
amounts of structural proteins such as histones, and in addition 
its activity is counteracted by nicking closing enzyme’. 


An assembly factor is required for ordered 
interaction of histones with DNA 


Nucleosomes can be reconstituted from separated DNA and 
histones by prolonged dialysis from >1MNaCl+5M_ urea 
(reviewed in ref. 2), but at physiological ionic strength mixtures 
of DNA and histones precipitate. Addition of small amounts of 
Xenopus egg homogenate prevents precipitation and results in 
nucleosome formation®”’, suggesting that eggs contain an addi- 
tional factor which is required for the ordered interaction of 
histones with DNA to form nucleosomes at physiological ionic 
strength. 


0028-08347 8/027 5—0400$01 00 


The nucleosome assembly factor is a protein 


To determine the nature of the assembly factor in eggs of 
Xenopus laevis, egg homogenates were incubated with a variety 
of specific degradative enzymes before assaying for assembly 
activity. The results are summarised in Table 1. The assembly 
factor is unlikely to contain a nucleic acid component since 
it is totally resistant to mbonuclease A, and micrococcal 
nuclease. 

The assembly factor is also resistant to trypsin and chymo- 
trypsin, but assembly is only observed if the proteases are 
inhibited by phenylmethylsulphonyl fluoride (PMSF) after 
digestion and if exogenous histones are added. (Exogenous 
nicking-closing enzyme is also required after digestion in order 
to visualise assembly by monitoring insertion of superhelical 


Table 1 Sensitivity of the assembly factor to degradative enzymes 


Assembly 
activity 

Enzyme preincubated Enzyme (using added 

with egg supernatant inhibitor histones) 
Ribonuclease A (500 ug ml’) Nil + 
Micrococcal nuclease (1,500 units EDTA 

ml~*)+2mM CaCl, (S5mM) +* 

Trypain (250 pg mi `) PMSFT + 
Chymotrypsin (<1 mg ml’) PMSFt + 
Proteinase K (250 pg ml’) PMSFt — 
PMSF + proteinase K (250 pg ml’) Inhibited before + 


incubation 


Xenopus egg homogenates were prepared and clarified as descnbed 
previously” except that 0.66 volumes of 120 mM KCl, 2mM MgCl, 
20mM Tris-HCl] pH 7.5 were added after homogenisation and the 
1,800g supermatant was centnfuged twice at 145,000 (max) for 30 min. 
20 ul of clanfied homogenate was incubated with each enzyme for 1 h at 
25°C Enzymes were then inhibited before addition of 1 ug calf thymus 
histones, 0.5 pg SV40 form I reljaxed DNA and nicking-closing enzyme 
which had been partially purified from eggs of X. laevis by chromato- 
graphy on DEAE-cellulose and phosphocellulose columns “. Assembly 
was assayed by incubation at 20°C for 3h followed by agarose gel 
electrophoresis to reveal superhelical turns’. PMSF was dissolved in 
ethanol at 6 mg ml" and added to homogenates to give a final concen- 
tration of 150 pg mI7’. 

* When ‘micrococcal nuclease was not inhibited following pre- 
incubation, the SV40 DNA was completely degraded 

+ When PMSF was omitted *"S-labelled histones added to the 
incubation were digested to complete solubility in 5% trichloroacetic 
acid containing 0.25% sodium tungstate. 
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turns into relaxed DNA.) The resistance to trypsin and chymo- 
trypsin suggests either that the assembly factor is not a protein or 
that it is a protein which lacks exposed basic and aromatic amino 
acids on its surface. To distinguish these two possibilities we 
tested its sensitivity to proteinase K (BDH, twice crystallised), a 
single protease which cleaves most types of accessible peptide 
bond and which is completely and irreversibly inhibited by 
PMSF"®. The assembly activity is abolished by incubation with 
proteinase K. The destruction of activity is more rapid and more 
complete when the preincubation is performed above pH 8. 
Addition of histones with or without nicking-closing enzyme 
fails to restore any activity. When the proteolytic activity of 
proteinase K preparations is inactivated by PMSF before 
incubation with egg homogenates the assembly activity remains 
undiminished (Table 1), confirming that the loss of activity 
caused by proteinase K is due to proteolysis. 


Identification and purification of a protein 
which co-purifies with assembly activity 


To identify any proteins which co-purify with the assembly 
activity, clarified egg homogenates (see Table 1 legend) were 
initially fractionated by sedimentation through a 10-40% 
sucrose gradient. The distribution of polypeptides in the 
gradient fractions was examined by polyacrylamide gel elec- 
trophoresis of aliquots (Fig. 1a). Simultaneously each fraction 
was assayed for its ability to insert superhelical turns into SV40 
circular DNA which had been relaxed by nicking-closing 
enzyme as described previously’. The number of superhelical 
turns is related to the number of nucleosomes on the DNA®. 
Figure 1b demonstrates that a sharp peak of activity is observed. 
The sedimentation rate of the most active fraction was pre- 
viously estimated as “approximately 11S’’’. Centrifugation for 
longer times in a rotor which generates greater force (SW 60Ti) 
collection and assay of a larger number of fractions and 
comparison with a wider range of markers (catalase, gly- 
ceraldehyde-3-phosphate dehydrogenase and alkaline phos- 
phatase) reveals that this is an overestimate and that the value is 
nearer to 8S. Figure 1a shows that the active fractions contain a 
wide range of polypeptides, but that many others are removed 
by this simple fractionation. 

When crude undiluted homogenates are heated to 80°C for 
10 min a gelatinous precipitate forms and assembly activity is 
lost, hence we described the activity as thermolabile*. However, 
when the active fractions from a sucrose gradient (or diluted, 
twice reclarified homogenates) are heated 10 min at 80°C the 
supercoiling activity is not precipitated; it is simply made 
dependent on added histones and nicking-closing enzyme. 
Figure 1c shows that heating 10 min at 80°C followed by cooling 
and centrifuging 2 min at 10,000g to remove precipitated pro- 
teins causes a dramatic simplification of the polypeptide profile. 
One major polypeptide (arrow in Fig. 1c) remains. It has an 
apparent molecular weight of 29,000, judged by comparison 
with known standards on SDS-gel electrophoresis (superoxide 
dismutase, 20,000; aldolase, 30,000; glyceraldehyde-3-phos- 
phate dehydrogenase, 36,000; creatine kinase, 40,000: oval- 
bumin, 43,000). It migrates slightly slower than histone H1 
(which migrates as though it has an apparent molecular weight of 
27,500 in the electrophoresis conditions used here). The poly- 
peptide of MW 29,000 is not visible in the unheated sample (Fig. 
la). It is obscured by a more prominent band which migrates 
just ahead of it (which is not histone H1). Note that the dis- 
tribution of the polypeptide marked by an arrow in Fig. Ic is 
similar to the distribution of assembly activity in Fig. 15. Most of 
the minor bands in the fraction marked by an arrow can be 
removed from the heated gradient fraction by a second centri- 
fugation at 10,000g for 2 min. To obtain optimal precipitation 
of other proteins it is necessary to add 0.025 volumes of 
6 mg mi ` PMSF in ethanol before heating. Ethanol alone 
substitutes partially but not completely. 

Figure 2 shows that assembly activity also co-purifies with a 
polypeptide which has an apparent molecular weight of 29,000 
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Fig. 1 Nucleosome assembly activity co-sediments with a parti- 
cular protein in a sucrose gradient. a, SDS gel of proteins; 6, DNA 
supercoiling assay; c, SDS gel of proteins as (a) which resist heat 
preciptiation. Details are as follows: a, Separation of polypeptides 
contained in each sucrose gradient fraction by electrophoresis in a 
15% polyacrylamide gel as described previously’*, and visualised 
by Coomassie blue staining. b, Assay of each gradient fraction for 
insertion of superhelical turns into relaxed circular “H-SV40 
DNA. DNA configurations are resolved by electrophoresis 
through a 1% agarose gel and visualised by fluorography using 3% 
PPO in ethanol”. 0.1 pg of *H-SV40 relaxed DNA was incubated 
in 50 ul of each gradient fraction for 3 h at 20°C. c, Same as (a) but 
gradient fractions were heated 10 min at 80°C (after addition of 
0.025 volumes 6 mg ml’ PMSF in ethanol), cooled at 0°C for 
5 min, centrifuged 2 min 10,00Qg, at 4°C to remove precipitated 
proteins and only the supernatant was treated with SDS for elec- 
trophoresis. Before gradient centrifugation 500 wl clarified egg 
homogenate was extracted twice with an equal volume of 1,1,2- 
trichlorotrifluorethane to remove lipids and lipoproteins (such as 
yolk), then diluted with 100 ul of 20 ml tris pH 7.5, 5 mM EDTA. 
It was centrifuged through a 10-40% sucrose gradient’ for 16.5 h 
at 38,000 r.p.m. in a Beckman SW 40Ti rotor at 4°C. Aliquots of 
50 ul were prepared for electrophoresis (a and c) and assayed for 
assembly (Bb). 
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Fig.2 Nucleasome assembly activity co-elutes with a polypeptide 
of MW 29,000 during anion exchange chromatography on DEAE- 
cellulose. a, Assay of each DEAE-cellulose column fraction (15 yl 
diluted to 50 pl at final KCl concentration of 120 mM) for insertion 
of superhelical turns into relaxed SV40 circular DNA (0.25 ugin 
the presence of calf thymus histones (0.5 pg) and nicking-closing 
enzyme (see Table 1 legend). Products of a 3 h incubation at 20°C 
were analysed by agarose gel electrophoresis and ethidium 
bromide staining. A negative image is shown to facilitate half-tone 
reproduction. 6, Electrophoretic analysis of polypeptides 
contained in each column fraction on a 15% polyacrylamide SDS 
gel in conditions of Fig. 1a and c. The marker track M is the 
material from the track marked with an arrow in Fig. Ic, re- 
electrophoresed on this gel (that is, a heated sucrose gradient 
fraction). 6 ml of clarified egg homogenate was chromatographed 
on a 9x3cm DEAE-cellulose (Whatman DE 52) column and 
eluted with a 150 ml linear KCI gradient from 0.12 M to 0.5 M KCI 
in 20 mM Tris-HCI pH 7.5. 12-ņl aliquots were diluted to 52 plat a 
final concentration of 120 mM NaCl for assay. Fractions eluting 
after 350 mM KCI are not shown. They contained very few pro- 
teins and showed no activity. 


when clarified homogenates are fractionated by charge. Thus 
both the polypeptide and the activity bind tightly to the anion 
exchanger DEAE-cellulose suggesting that the assembly factor 
is highly negatively charged. After chromatography on DEAE- 
cellulose the assembly factor requires the addition of histones 
and nicking-closing enzyme in order to insert superhelical turns 
into relaxed DNA. When the protein of MW 29,000 is purified 
by heating sucrose gradient fractions and then chromatographed 
on DEAE-cellulose it again co-elutes with the assembly 
activity. 

Therefore the activity which inserts superhelical turns into 
relaxed DNA co-purifies by both size and charge with a protein 
whose subunits have an apparent MW of 29,000 on SDS gels. 

Figure 3a demonstrates the electrophoretic purity of the 
polypeptide prepared by sucrose gradient centrifugation 
followed first by heating for 10 min at 80°C as in Fig. 1c and 
then by chromatography on DEAE-cellulose (as in Fig. 2). 
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Figure 3b—d shows that the preparation containing the purified 
protein illustrated in Fig. 3a causes the insertion of superhelical 
turns into relaxed DNA in the presence of acid extracted 
histones and nicking-closing enzyme. In the absence of the 
material shown in Fig. 3a or of the histones, assembly does not 
occur (Fig. 3 b—d). Most nucleic acid contaminants are removed 
from the polypeptide of MW 29,000 by DEAE chromato- 
graphy, but to ensure that nucleic acids or oligonucleotides are 
not required for its activity, a separate preparation of the protein 
(prepared without the final DEAE step) was incubated with 
100 pg ml”! ribonuclease A and 150 units mi’ micrococcal 
nuclease (in 2 mM CaCl) for 2 h at 25 °C followed by chroma- 
tography on Sephadex G-75 to remove oligonucleotides, CaCl, 
and the nucleases. Figure 3 e—g illustrates that assembly activity 
is not decreased by this procedure. 

All preparations which have demonstrated assembly activity 
have also contained the polypeptide of 29,000 MW. The sedi- 
mentation and gel filtration properties of the native form of this 
polypeptide suggest that the native protein is unlikely to consist 
of less than four subunits of MW 29,000. 
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Fig. 3 The purified protein of 29,000-dalton subunits inserts 
superhelical turns into relaxed DNA in the presence of histones 
and nicking-closing enzyme. a, Electrophoretic purity of the poly- 
peptide of MW 29,000 prepared by sucrose gradient centrifugation 
(as in Fig. 1) followed first by heating 10 min 80 °C (as in Fig. Ic) 
and then by chromatography on DEAE-cellulose (as in Fig. 2). The 
figure shows a microdensitometer trace of a stained 15% SDS- 
polyacrylamide gel. b~d, Assay of the material from (a) for 
insertion of superhelical turns into relaxed DNA (as in Fig. 2a); b, 
in the presence of histones (extracted from mouse fibroblasts by 
0.2 M H2SO,) and nicking-closing enzyme (purified as in legend to 
Table 1); c, as b, but histones omitted; d, as b but the purified 
nucleosome assembly protein {illustrated in Fig. 3a) was omitted, 
e-g, as b—d but using assembly protein (not shown) which had been 
prepared by incubating a heated sucrose gradient fraction with 
100 pg ml” ribonuclease A and 150 unit ml”! micrococcal 
nuclease (in 2 mM CaCl, 50 mM NaCl, 10 mM Tris pH 8.0) for 2 h 
at 25°C followed by chromatography on Sephadex G-75 (in 
0-5mM EDTA, 50mM NaCl, 10mM Tris pH 7.5) to remove 
oligonucleotides and the nucleases. 


Figure 4 illustrates two other criteria which indicate that the 
protein described assembles nucleosomes. The sedimentation 
profile of the incubation product resembles that of naturally- 
occurring SV40 nucleohistone complex and contains approxi- 
mately equal amounts of histones and DNA (Fig. 4a). In 
addition the incubation product has the characteristic beaded 
appearance of the SV40 minichromosome (Fig. 4b). 

Nicking-closing enzyme is not required for nucleosome 
assembly. Although it is required to relax torsion so that the 
insertion of superhelical turns into DNA can be visualised in the 
gel assay, it is not required when nucleosome assembly is 
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Fig. 4 The protein of 29,000-dalton 
subunits causes DNA and histones to 
form a discrete nucleoprotein complex. 
a, Velocity sedimentation of the _ W 


DNP DNA 
t t 


nucleoprotein product obtained by x 
incubating 0.1 pg `H-SV40 form 1 3 
(55,000 c.p.m. wg ') DNA (@) with = w00 


0.2 pg **S-labelled mouse fibroblast 
histones (7,000 c.p.m. pg 1) (O), in the 
presence of 20 pul of the heated peak 
fraction from a sucrose gradient a5 
(similar to the track marked by an i : 
arrow in Fig. lc). After incubation for Fraction no. 
3h at 20°C without nicking-closing 


enzyme the product was centrifuged through a 10-30% sucrose gradient in 60 mM KCI, 1 mM EDTA, 10 mM Tris pH 7.5 
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for 70 min at 50,000 


r.p.m. in a Beckman SW60Ti rotor. The arrow marked ‘DNA’ indicates the position of free SV40 DNA form I and the arrow marked ‘DNP’ 

indicates the position of authentic SV40 minichromosome from infected cells. b, Electron micrographs | of the nucleoprotein product obtained by 

incubation in the conditions described in a followed by spreading and shadowing as described previously”. (Nicking-closing enzyme was included in 
the incubations illustrated in b, but it is not necessary for the formation of such structures.) x 130,000. 


monitored by sedimentation or electron microscopy. For these 
assay methods the purified assembly protein (as illustrated in 
Fig. 3a) is sufficient to convert histones and DNA into 
nucleosomes. 


The protein which co-purifies with assembly 
activity binds histones 
to form an active complex 


Figure 5 illustrates that the purified nucleosome assembly pro- 
tein binds labelled histones. All four of the nucleosome core 
histones bind and co-sediment as a complex with the assembly 
protein (at approximately 8S). The complex sediments much 
faster than free histones and slightly, but reproducibly, faster 
than the free assembly protein. Coomassie blue staining of gels 
followed by microdensitometry and comparison with standard 
histone preparations from nuclei reveals that all four of the 
nucleosome core histones are present in the complex in approx- 
imately equimolar amounts, Histone H-1 has not been detected 
so far but this could be due to technical causes. 

The formation of the complex between histones and the 


nucleosome assembly protein is unlikely to be a nonspecific, 


electrostatic adsorption artefact for several reasons. First, at low 
histone concentrations essentially all of the histones sediment as 
a uniform, discrete complex. Second, when the histone concen- 
tration is increased binding can be saturated without causing the 
complex to aggregate or sediment faster, instead the excess 
histones sediment as free histones. Third, the assembly protein 
masks sufficient positive charges on the histones to inhibit their 
binding to CM-cellulose at neutral pH. Fourth, if small amounts 
of labelled histones are added to crude egg homogenates the 
added histones sediment discretely as the complex described 
here, indicating that the vast excess of cellular proteins does not 
compete effectively for histone binding against the nucleosome 
assembly protein, even though several of the other cellular 
proteins are more acidic than the assembly protein. Fifth, when 
the complex formed between the purified assembly protein and 
labelled histones is isolated from a sucrose gradient and 
incubated with DNA the histones are transferred to the DNA 
with the formation of a beaded nucleoprotein complex which 
contains supercoiled DNA. 

Cross-linking studies should provide further information on 
the specificity and stoichiometry of histone binding. 


Properties of the nucleosome assembly 
protein 


The protein which co-purifies with nucleosome assembly 
activity electrophoreses as a rather broad band with an apparent 
MW of 29,000 in SDS-polyacrylamide gels. When it is electro- 
phoresed over long distances it resolves into two distinct 
bands, suggesting that the band seen in Figs 1-3 probably 


contains more than one polypeptide chain, Its sedimentation 
and gel filtration properties suggest that the native protein is 
larger than 100,000 daltons. It does not bind to CM-cellulose 
above pH 6 but binds to DEAE-cellulose and elutes between 
0.3 M and 0.4M KCI at pH 7.5, suggesting that it is strongly 
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Fig. 5 The nucleosome assembly protein binds histones. a, dis- 
tribution of ~~“S-methionine labelled. acid-extracted mouse 
histones after centrifugation through a 10-30% sucrose gradient 
@, Histones were incubated with a 10x concentrated (Minicon 
B-15) heated sucrose gradient fraction (as marked by arrow in Fig 
le) with 50mM NaCl for 20 min before centrifugation in a 
separate tube from the free histone marker (©). Radioactivity was 
measured by liquid scintillation counting 50-y!l aliquots of each 
fraction in Aquasol. Fractions from (a) (@) were pooled in pairs 
and 50-ul aliquots were electrophoresed in a 15% polyacrylamide 
gel (as in Fig. la) to locate the polypeptide of MW 29,000 by 
Coomassie blue staining. (At the histone concentration used in this 
figure histone bands were stained too faintly for photographic 
reproduction.) The bracket marked N indicates the position of the 
nucleosome assembly protein when it it is centrifuged in the 
absence of histones (fractions 9 and 10). Centrifugation was for 
20.5h at 50,000 r.p.m. in a Beckmar SW60Ti rotor at 4°C 
Gradients contained in 2mM EDTA, 20mH Tris-HCI pH 7.5 


y. 


, a20 


acidic. This conclusion is confirmed by isoelectric focusing. Thus 
on two dimensional gels’! the protein has an isoelectric point of 
5: 

Additional evidence that this protein is indeed responsible for 
nucleosome assembly comes from the observation that it shows 
the same remarkable resistance to thermal denaturation and 
proteolytic degradation as the assembly activity. Thus its sedi- 
mentation as a multi-subunit structure and its ability to bind 
histones are not affected by heating. After prolonged treatment 
with chymotrypsin the protein’s sedimentation constant is only 
slightly decreased and it continues to bind histones. Elec- 
trophoresis reveals that at least one cut has occurred in each 
polypeptide chain, since the band of MW 29,000 is replaced by 
two large fragments of MW approximately 26,000 but which still 
sediment as a multi-subunit structure. Proteinase K at pH 10 
which abolishes the assembly activity also cleaves the protein, 
generating fragments of less than 20,000 daltons. 

Five ml of egg homogenates (3 ml packed eggs+2 ml buffer) 
containing 1.25 g total protein yields 160 wg of pure protein. 
1 wg of pure protein can convert dt least 0.25 ug DNA into 
nucleosomes in the presence of 0.5 ug histones. 


The nucleosome assembly process 


When histones and DNA are mixed in solution at physiological 
ionic strength, they instantly form a precipitate. When the 
protein described here is mixed with histones before addition of 
DNA, precipitation is prevented and nucleosomes form. We 
observed previously that the egg’s histone pool is complexed toa 
large negatively charged molecule and that fractions containing 
this complex interact with DNA to form nucleosomes’. There- 
fore we proposed that histones are organised into nucleosome 
precursor complexes by an acidic factor which has a ‘catalytic’ 
role in the assembly process’. The protein we have purified 
clearly binds histones and transfers them to DNA to form 
nucleosomes. The possibility that it is recycled remains to be 
tested. 

Nucleosomes can be assembled by prolonged dialysis from 
2 M NaCl (reviewed in ref. 2), Therefore it seems that the spatial 
information required for histone—histone interactions and 
histone-DNA interactions resides in the histones and DNA 
themselves. We suggest that the role of the protein we have 
purified is that of a ‘molecular chaperone’ which prevents 
incorrect ionic interactions between histones and DNA. Thus by 
binding histones and neutralising their positive charges the 
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nucleosome assembly protein could prevent nonspecific ionic 
interactions and allow only selected specific interactions to 
occur. The additional possibility that specific interactions 
between different histones occur in the complex formed with the 
nucleosome assembly protein remains to be tested. 

The nucleosome assembly reaction studied here seems to 
have very simple requirements. It requires only the protein 
preparation illustrated in Fig. 3a, DNA and acid extracted (or. 
salt extracted) histones incubated in NaCl (or KCI) concen- 
trations between 50 mM and 150 mM. It is inhibited by higher 
NaCl concentrations. The reaction will proceed to completion in 
3h at 0°C. We have been unable to find requirements for low 
molecular weight co-factors, such as Mg”* or ATP. 

Eggs of Xenopus laevis are unusual in that they divide to form 
5,000 cells in 5h with some cell cycles of only 10 min. In 
addition they accumulate a large histone pool, sufficient for 
15,000 nuclei**. Therefore it is possible that the nucleosome 
assembly protein we have described is only an adaptation to this 
rapid rate of chromosomal replication. However, during the 
course of this work we have found that mouse fibroblast nuclei 
and wheat embryos also contain a thermostable protein which 
converts histones and DNA into nucleosomes (B.M.H., A.D.M. 
& R.A.L., in preparation). Therefore it will be interesting to 
determine if the protein we have described is a universal 
mechanism for assembling the nucleosome subunits of,cukary- 
otic chromatin. 

We thank John Gurdon, Aaron Klug and Doug Melton for 
comments on the manuscript, and Geoff Partington for sugges- 
ting extraction with trichlorofluoroethane B.M.H. 1s a post- 
doctoral fellow of the Canadian MRC. 
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Promoter-specific inhibition of transcription by 
antibiotics which act on DNA gyrase 
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Nalidixic acid, novobiocin and coumermycin specifically 
inhibit phage promoter-dependent transcription of the trp 
operon in $80ptrp but not transcription from the authentic 
trp promoter. The nalidixic acid inhibition is not observed in 
an E. coli strain containing a nalA‘ mutation. These results 
indicate that DNA gyrase is involved in transcription. 
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DNA GYRASE catalyses the ATP dependent introduction of 
negative superhelical twists into double stranded closed circular 
DNA in Escherichia coli’. This activity is required for A integra- 
tive recombination’ and replication of E. coli**, plasmids** and 
bacteriophages” ®. DNA gyrase is inhibited by the antibiotics 
coumermycin and novobiocin’’. The cou locus mapping close to 
the dnaA at 82 min on the E. col: map determines resistance to 
these drugs!!!2, 

DNA gyrase activity is also inhibited by nalidixic acid (NAL) 
and oxolinic acid'*"*. Resistance to these drugs is determined by 
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the nalA locus mapping at 48 min on the E. coli map. It is 
thought that the nick closing activity required in the supercoiling 
reaction resides in the NAL target protein, pnal, because (1) the 
ATP independent DNA gyrase catalysed relaxation of super- 
coiled DNA is inhibited by NAL and oxolinic acid but not by 
novobiocin or coumermycin and (2) incubation of DNA gyrase 
and DNA with NAL or oxolinic acid results in the formation of a 
relaxation type complex. 

At low doses NAL is thought to be a specific inhibitor of DNA 
replication in E. coli. However at higher doses several workers 
have observed inhibition of transcription'®’*. In preliminary 
experiments we observed indications that NAL interfered with 
p80 phages transcription at doses normally thought to inhibit 
only DNA replication. Here we report the effect of NAL on 
transcription of the tryptophan (trp) operon integrated into the 
p80 phage genome. 


Nalidixic acid is a promoter-specific 

inhibitor of trp expression 

When the bacterial trp operon is integrated into the A phage 
genome, transcription of the operon may initiate at either the 
authentic trp promoter (P,,,) or at the leftward phage promoter 
as shown in Fig. 1'*?°. Initiation of transcription from Pep is 
turned off in the presence of tryptophan and the frp repressor. 
Read-through transcription of the trp operon from the leftward 
phage promoter can occur in the presence of the frp repressor 
but is completely inhibited when phage repressor molecules are 
present. Subsequent studies yielded identical results with 
$80ptrp phages” ™”. 

Infection of a nonlysogenic E. coli trpE` strain (MO1512) 
with bacteriophage @80ptrp, in the presence of tryptophan, led 
to immediate synthesis of anthranilate synthetase (ASase; pro- 
duct of the tpED genes) as shown in Fig. 2a. ASase synthesis 
occurred by the read-through transcription of the trp operon 
since no phage repressor molecules were present in the host cell. 
However, when the é80prtrp infected cells were incubated in the 
presence of 40 pg ml”' NAL, no ASase activity was detected 
even after prolonged incubation. 

The effect of NAL on ASase synthesis originating at the P,, 
promoter in shown in Fig. 2b. In this experiment E. coli strain 
MO1513 trpE™ (680°) was infected with @80prrp in the absence 
of tryptophan. ASase synthesis, due to transcription from the 
authentic trp promoter, began immediately after removal of 
tryptophan from the culture medium, as shown by the control 
cells in Fig. 2b. When NAL was present only a slight decrease in 
ASase activity was seen throughout the incubation period. 
Dose-response curves for a 60-min incubation are shown in Fig. 
3a. Concentrations of NAL which virtually eliminate ASase 
synthesis originating from the phage promoter have essentially 
no effect on synthesis originating from P pwp. 


Nalidixic acid inhibition occurs in the 
absence of DNA replication 


The amount of ASase synthesised in the procedure used in Figs 2 
and 3 is regulated by the number of @80pirp templates available 
for transcription’’. Thus, it was possible that NAL inhibited 
ASase synthesis simply by interfering with phage replication. 
Therefore, the effect of NAL on phage promoter dependent 
ASase synthesis was examined in the absence of DNA repli- 
cation. An E. coli strain lacking DNA polymerase I and IT and 
containing a temperature-sensitive DNA polymerase HI 
(polA”, polB”, polC,,) was infected with @80ptrp and treated 
with NAL. As shown in Fig. 4a, addition of NAL to @80Optrp 
infected cells incubated at 30°C led to rapid partial inhibition of 
ASase synthesis by the read-through mechanism. Addition of 
NAL to @8Optrp-infected cells incubated at the restrictive 
temperature also led to inhibition of phage promoter controlled 
ASase synthesis (Fig. 4b). However, somewhat less inhibition 
was observed at the restrictive temperature than at the permis- 
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Fig.1 Transcriptional map of bacteriophages p80 and A carrying 

the E. coli trp operon. Py, authentic wp promoter {repressed by 

tryptophan but not by phage repressor); Py, eftward phage 

promoter (repressed by the phage repressor. ut not by tryp- 
tophan). 
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Nalidixic acid inhibits phage | 
promoter-directed trp transcription 


DNA-RNA hybridisation experiments were conducted to 
determine whether NAL inhibition was occurring at the level of 
transcription or translation. The results of these experiments are 
summarised in Table 1. Addition of NAL to @8OQprrp infected | 
cells reduced the amount of phage promoter-controlled rp 
mRNA synthesis to about 10% of the level observed in the 
absence of the drug. On the other hand, the drug caused a slight 
increase in the amount of mRNA derived from the Pap pro- 
moter. The effects observed with chloramphenicol are very 
different. Chloramphenicol specifically inhibits Pep transcrip- 
tion but does not affect phage transcription. Similar chloram- 
phenicol effects have been observed in Apirp phages” 

We considered the possibility that NAL was stimulating 
degradation of the phage promoter initiated mRNA rather than 
inhibiting MRNA synthesis. The effect of NAL on the stability of 
preformed mRNA is shown in Fig. 5. In these experiments 
rifampicin was added at the time of addition of NAL to inhibit 
mRNA initiation. NAL did not significantly increase the rate of 
trp MRNA degradation. 

At low concentrations NAL inhibits DNA replication 
At these concentrations transcription is not inhibited as judged 
both by incorporation of labelled precursor into RNA’ Meee tand 
by direct examination of several bacterial operons’. Based on 
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Fig. 2 Nalidixic acid inhibition of ASase synthesis directed by a 
@8O0ptrp template. (a) Read-through transcription from the phage 
promoter in a nalA® strain. In the presence of pel ier strain 
MO1512 pE was grown to a density of 2 : 10° cells mi”, 
infected with @80ptrp and treated with 40 pg ml’ NAL (@). (6) 
Transcription from the authentic irp promoter in a naiA’ strain. In 
the absence of tryptophan, strain MOUS13 wrpE (680) was grown 
to a density of 2 x 10° cells mi”! and in the absence of tryptophan, 
infected with @80prrp and treated with 40 wg ml’ NAL (@). (c) 
Read-through transcription from the phage promoter in a nala’ 
strain. In the presence of tryptophan. strain MOI 5124 pE- 
nalA26 was grown to a density of 2 x ho" ‘cells ml‘, infected with 
p80ptrp and treated with 40 ug ml’ NAL (@). Controls: in all 
cases were-—infected with @8Opimrp but not treated with NAL 
(O O} not infected with ġ80grp and not treated with 
NAL (O-~--©). Experimental Peon are described in full 
elsewhere” 
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Fig. 3 Inhibition of ASase synthesis by various concentrations of 
nalidixic acid (a), novobiocin {b) and coumermycin (c). The per 
cent activity was calculated from the amount of ASase activity 
` observed at 60 min at the indicated dose. 100% activity was 39 
units ml’ for phage directed synthesis (@) and 6.7 units mI” for 
P directed synthesis (O). Experimental procedures are described 

| in Fig. 2. 


these results it has been assumed that NAL is a specific inhibitor 
of DNA replication. However, our results show that tran- 
scription monitored by the production of competent MRNA and 
also by enzyme synthesis can be inhibited by the same NAL 
doses previously believed only to inhibit DNA replication. 
Therefore, NAL should not be used as a specific inhibitor of 
DNA replication. 

In 1973, Puga and Tessman’® reported that nalidixic acid 
interfered with plasmid phage S13 mRNA synthesis at drug 
levels which did not affect host mRNA synthesis. Since all $13 
mRNA synthesis was equally inhibited and it had been pre- 
viously observed that intercalating dyes inhibited transcrip- 
tion’’, these authors proposed that the specificity of the inhibi- 
tion was due to a preferential intercalation of the antibiotic into 
the supercoiled plasmid DNA. However, our results show that 
NAL inhibits, with total specificity, one of the two promoters 
both of which serve the same operon and are on the same 


Fig. 4 Nalidixic acid inhibition of phage promoter dependent 
ASase synthesis in the presence (30°C) and absence (42 °C) of 
DNA replication. Strain BT10266 polA |, polB , polC,, was grown 
to 2x 10° cells mI” by incubation at 30°C in minimal medium 
containing tryptophan +. Following infection with @80prrp the 
culture was divided into two portions. one of which was further 
incubated in fresh minimal medium at 30°C while the other was 
incubated at 42°C. After 15 min, 40 pg ml’ NAL was added to 
portions of each of the cultures and the incubation at the respective 
temperature continued (@-——-@). Controls: infected with @80pirp 
but not treated with NAL (O--—-O); not infected with @80pmrp 
and not treated with NAL (O- --©). 


ASase (units ml~') 





10 30 50 
A Time after infection and resuspension in 
r culture medium{min) 


Nature Vol. 275 5 October 1978 


plasmid molecule. Therefore, the simple notion that super- 
helical density generates NAL specificity must be rejected. 

In experiments shown in Fig. 4 only partial inhibition of phage 
promoter controlled ASase synthesis was observed. This is in 
contrast to the complete inhibition observed in the experiment 
shown in Fig. 2. In the former experiment NAL was added after 
initiation of transcription whereas in the latter experiment it was 
added just before. However, the former experiment also 
involved a multiple mutant strain while the latter involved a 
wild-type strain. To determine which of these factors was 
significant NAL was added to the same wild-type strain used for 
Fig. 2 but after transcription was initiated. A partial inhibition of 
ASase synthesis was seen just like that shown in Fig. 4 (data not 
shown). As the effect of NAL is greater when added before 
transcription initiates, it is likely that NAL acts preferentially on 
initiation, 


DNA gyrase is involved in transcription 


Mutations at the nalA locus confer NAL resistance to DNA 
synthesis'**", To see if this same locus was involved in NAL 
sensitive transcription we examined ASase synthesis in a deriva- 
tive of E. coli strain MO1512 containing the nalA26 mutation 
(Fig. 2c). No NAL inhibition of phage promoter directed 
synthesis was observed in the naiA’ E. coli strain in conditions 
where total inhibition is seen in the isogeneic nal A‘ strain (Fig. 
2a). This shows the NAL-target protein involved in tran- 
scription is the same protein involved in DNA replication. 
The recently isolated nalA protein participates in DNA 
gyrase mediated reactions''*'*'*. Since this enzyme is also 
inhibited by coumermycin and novobiocin, we examined the 


Table 1 Nalidixic acid inhibition of rp mRNA synthesis 


a te tg at AHN Rite aaa ARAMA aeaaee 


Specific 
trp mRNA activity 
Anti- Tryptophan (% of of *H-RNA 
biotic (SOygml™') total RNA) (c.p.m. per mg) 

Phage promoter None + a 5.8x10° 
directed NAL + 0.12 6.3x10° 
synthesis CAP + 3.01 5.6 x 10° 
(strain AE1) 

Pip directed None ~ 3.02 3.3x10° 
synthesis NAL a 3.48 1.3«10° 
(strain AEI CAP — 0.18 30x10 
(hèi) 


E. coli strain trpAE TI or its lysogen rpAEI (h*i®°) was infected with 


@80ptrp phages and incubated at 30°C in the presence or absence of 
L-tryptophan (50 peg mi~'), respectively. NAL (40 pg mi’) or 
chloramphenicol (CAP; 100 pg ml” ') was added at the 8th minute of 
incubation after the phage infection. Pulse-labelling was carried out with 
100 aCi of *H-uridine for 1 min starting 29.5 min after infection. The 
value of tp mRNA hybridised with Aptrp DNA is expressed as a 
percentage of total labelled RNA added into a hybrid assay system and is 
the average of duplicate determinations. The value of A DNA back- 
ground was subtracted from each hybrid value. Details for procedures 
used in these experiments are described elsewhere””. 


effect of these antibiotics on ASase synthesis. The inhibition of 
P and phage promoter directed ASase synthesis by different 
doses of novobiocin and coumermycin (Fig. 34, c) show a 
striking parallel with NAL inhibition. In all cases P,,, directed 
synthesis is much less sensitive to these antibiotics than phage 
promoter directed ASase synthesis. The 20% inhibition of Pop 
directed ASase synthesis at 100 ug ml7' novobiocin probably 
refiects inhibition of DNA replication observed at this dose level 
in this strain (see ref. 28). The greater inhibition observed with 
coumermycin could be due to the greater permeability of E. coli 
to this antibiotic’. 

Our results provide the first direct evidence that DNA gyrase 
is involved in transcription. Three other antibiotics known to be 
specific inhibitors of DNA gyrase mediated supercoiling dis- 
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trp MRNA remaining (%) 





l 3 5 7 9 1! 13 15 
Tıme after addition of nfampicin (min) 


Fig. 5 Effect of nalidixic acid on the stability of ap mRNA 
synthesised from a phage promoter (a) and the authentic op 
promoter (b). At 30 °C strain rpAEl (a) or strain #pAE! (h* i") (b) 
was infected with d80pep in the presence of (a) or absence of (5) 
L-tryptophan (50 pg mi’), respectively. Pulse-labelling (1 min) 
carried out with 33 pCi ml * *H-uridine at the 15th minute after 
the phage infecton was immediately followed by addition of 
rifampicin (300 ug ml~') in the presence of (O) or absence (@) of 
40 pg ml” NAL. At the times indicated portions of the cultures 
(6 x 10° cells) were removed for RNA extraction The rp mRNA 
values are expressed as “H-RNA hybndised per pg RNA and 
normalised to 100% for the maxumum value. The value represen- 
ted is the average of duplicate determinations. Detailed procedures 
are described elsewhere” 


played the same promoter specific inhibition of transcription as 
NAL. The specificity implies that transcription requires DNA 
gyrase when initiation occurs at the phage promoter but not 
when initiation occurs at the ap promoter. In addition, it seems 
that it is the supercoiling activity of DNA gyrase that is involved 
in transcription. The effectiveness of these inhibitors on phage 
promoter-directed transcription is striking when compared to 
the inibitor concentration required to obtain an equivalent 
degree of inhibition of DNA synthesis. 

The origin of the specific requirement of DNA gyrase for one 
of the two promoters remains unexplained. Botcham”® observed 
an increase in carly phage promoter mRNA synthesis in A when 
supercoiled DNA template was used instead of a relaxed 
template. Although no studies have directly compared P,, 
transcription on supercoiled and relaxed templates, it is possible 
that by raising the superhelix density DNA gyrase could pre- 
ferentially assist a weak promoter at binding RNA polymerase. 
This simple mechanism would be consistent with suggestions 
that complex formation between RNA polymerase and a pro- 
moter 1s accompanied by duplex unwinding™’*’. However, the 
DNA gyrase-requiring promoter seems to be stronger than the 
P,» promoter when total enzyme activity is examined. It is 
difficult to explain this simply by considerations of superhelix 
density. 

As an alternative it is tempting to speculate that the critical 
factor in determining the requirement for DNA gyrase is the 
linking of transcription with translation™”*. The phage pro- 
moter which requires DNA gyrase is not linked to translation 
whereas the gyrase-independent promoter is linked to trans- 
lation. Clearly, further studies are needed to determine whether 
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it extends to other host cell translational-independent pro- 
moters. 

Another alternative hypothesis is that the phage promoter is 
subject to some type of topological constraint which DNA 
gyrase must overcome in order for transcription to occur. For 
example the phage promoter could be involved in a loop of 
DNA where the ends were held rigid by attachment to a cell 
constituent such as the cell membrane. Such a loop structure had 
been postulated for the E. coli chromosome**”’. 

In A phage it has been reported that transcription initiated at 
the leftward phage promoter is dependent on the phage N 
protein™~’. This protein interacts with RNA polymerase and 
DNA so that in the presence of the rho termination factor, the 
RNA polymerase no longer recognises a termination point 
present in the phage genome™. Transcription of the trp operon 
in $80, is dependent on the phage N gene product, as the operon 
is integrated into the phage at a point past the rho termination 
site. Therefore, it is possible that NAL is acting as an anti-N 
effector, so that phage transcription in the presence of the drug is 
terminated at the rho site. However, in preliminary experi- 
ments, NAL inhibition of phage controlled ASase synthesis has 
been observed in Aptrp phages lacking the rho dependent 
termination site (data not shown). 

Although it is not clear how pnal participates in RNA 
synthesis, it is obvious that the transcriptional apparatus at some 
operons is dependent on the pnal protein. Thus, NAL and pral 
can serve as a probe to examine the transcriptional process at 


1. least in the case of phage promoter synthesis and perhaps in 


bacterial transcription. Ea 
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On infection of Escherichia coli cells by bacteriophages 
T4, T5 or T7, the degradation of E. coli protein fragments 
and abnormal proteins is inhibited. Normal E. coli proteins, 
however, continue to be degraded at their usual rates. T4 
early protein(s) is needed to iahibit the turnover of abnor- 
mal proteins in T4-infected E. coli cells. 





HALF LIVES of proteins with abnormal conformations and 
protein fragments are much shorter than those of most normal 
proteins in bacterial and in eukaryotic cells'?. Most nonsense 
fragments of Escherichia coli proteins are so short-lived that 
either they fail to accumulate to detectable levels or they are 
found in much lower quantities than wild-type proteins**. E. coli 
polypeptides containing missense alterations also tend to turn 
over rapidly compared to normal proteins*. Nonsense fragments 
of virus proteins from bacteriophage T4-infected E. coli cells 
are, in contrast, often found at levels approximating those of 
normal T4 proteins’. In this article we present evidence relating 
to the basis for this difference in stability between E. coli and T4 
protein fragments. 

The identities and functions of the specific enzymes respon- 
sible for the rapid turnover of abnormal proteins and protein 
fragments are not known in detail, but some information of 
interest is available about this system in E. coli. The degradation 
of such proteins is ATP-dependent’. If cellular ATP levels are 
substantially reduced, the turnover of abnormal proteins and 
protein fragments is also reduced’~’. To investigate the charac- 
teristics of this degradative system, the intracellular levels of 
abnormal proteins can be increased by treating cells with 
puromycin, leading to the production of protein fragments, or 
with amino acid analogues, leading to the production of full- 
sized proteins with abnormal conformations. In E. coli, both 
puromycyl peptides and analegue-containing proteins are 
degraded by an ATP-dependent system*’*, as are other 
abnormal proteins and protein fragments. Specific mutations 
called deg” (or fon”) at 11.4 miautes on the E. coli map, near 
proC, reduce the turnover rates of protein fragments'®, abnor- 
mal proteins, and also of phage 4 proteins containing tempera- 
ture-sensitive, missense alterations''. The molecular basis for 
the effect of deg” mutations on the E. coli degradation system is 
obscure. 

The mechanism by which the E. coli degradation system 
recognises abnormal proteins is also obscure. Electron micro- 
graphs suggest that abnormal proteins, if present in sufficient 
quantity, form intracellular aggregates which appear adjacent to 
the E. coli inner membrane'*'’. The ATP-dependent degrada- 
tive activity is probably bound to the E. coli cell membrane (R. 
Voelimy and A. L. Goldberg, personal communication). The 
adherence of abnormal proteins to the cell membrane, probably 
through exposed hydrophobic regions of the proteins, may 
provide the recognition signal forthe degradation system. It may 
be of interest, therefore, that the earliest detectable step in T4 
capsid assembly involves the formation of amorphous aggre- 
gates of unprocessed capsid proteins on the cell membrane’. 
These aggregates are morphologically indistinguishable from 
those formed by abnormal E. coli proteins’. Yet, if these T4 


proteins were degraded, the production of progeny virions could 
not occur. The mechanism by which T4 proteins probably avoid 
the E. coli degradation system is described below. 


Degradation of E. coli proteins 
and puromycyl peptides after T4 infection 


To study the effects of bacteriophage infection on the degrada- 
tion of abnormal E. coli proteins and protein fragments, we first 
examined the degradation of puromycyl protein fragments 
(PPF) in uninfected and in T4-infected E. coli CR67 cultures. 
We exposed a CR63 culture to '*C-leucine in the presence of 
puromycin; the unincorporated puromycin and '“C-leucine 
were then removed and the cells were resuspended in fresh 
medium with unlabelled leucine. The culture containing the 
'*C-PPF was divided into two equal volumes. T4 particles in 
tryptone broth were added to one volume of cells and sterile 
broth was added to the other. Samples taken before the culture 
was divided and at various times thereafter were added to cold 
trichloroacetic acid (TCA) at a final TCA concentration of 5% 
to precipitate high molecular weight polypeptides. As '*C-PPF 
are degraded to amino acids which are soluble in TCA the 
corresponding radioactivity appears in the TCA supernatant. 
The fraction of the '*C-leucine that was TCA-insoluble before 
dividing the culture, but that became TCA-soluble afterwards is 
referred to as the percentage of protein degraded. 

The amount of protein degraded in the uninfected cultures 
varies as a function of the puromycin concentration used during 
the labelling period (Fig. 1). When no puromycin is added to the 
culture, 4% of the “C-labelled proteins is degraded in 30 min; 
in the presence of 15 ug ml”', puromycin protein degradation in 
30 min increases slightly to 5% ; 50 pg ml”! puromycin produces 
a level of 14% protein degradation; and 100 pg ml’ puromycin 
24%. The correlation between increasing concentrations of 
puromycin and increasing levels of protein degradation is 
expected; as the concentration of puromycin is increased there is 
an increase in the production of protein fragments that are 
turned over rapidly relative to normal proteins that are turned 
over slowly, 

Although bacteriophage T4 infection has no detectable effect 
on the degradation of normal E. coli proteins (Fig. la), T4 
infection drastically inhibits the degradation of '*C-PPF (Fig. 





Table 1 PPF degradation after infection by T4, T5 or T7 phages 


amaenn e Maa arte fart MARAE ana rary tabi hd 


Culture” “% Protein degraded? 
Uninfected 14 
T4-infected 9 
T5-infected 10 
T7-infected 1} 





* E. coli B cultures growing at 37°C. 

+ The % of PPF degraded during the first 15 minutes after infection 
{or the comparable time interval for the uninfected control). Normalised 
data from two experiments are presented. Comparisons of PPF 
degradation at later time intervals are precluded by the short T7 latent 
period. 
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Fig. 1. Degradation of 
normal proteins and of 
puromycyl protein frag- 
ments (PPF) in uninfec- 
ted and in T4-infected E. 
coli CR63 cells. Puro- 
mycin (0-100 pg ml’) 
was added to mid-log 
phase CR63 cultures 
(5x10 cells per ml) 
in M9 medium'®; 10 
min later C-leucine 
(0.2 wCi mi™*) was added. 
After a 5min labelling 
period, the bacteria were 
collected on Millipore 
filters and washed twice to 
remove unincorporated 
puromycin and CG: 
leucine. The bacteria were 
then resuspended in fresh 
medium containing 


%, Protein degradation 








20 


Time (min) 


unlabelled leucine (300 pg mi” +). The cultures were divided and one half of each was infected with wild type T4 D particles. Unless otherwise 
stated, the multiplicity of infection in this and in other experiments was 5 phage per cell, and the T4 particles used were wild type T4 D. Samples 
taken just before the cultures were divided (our 0-time samples) and at various times thereafter were added to cold TCA at a final TCA 
concentration of 5%. The TCA insoluble and soluble materials were separated from each other by low speed centrifugation. The amounts of 
'4C_jeucine in the TCA supernatants and pellets were determined by liquid scintillation counting techniques. The pellets were dissolved with 
Soluene (Packard) and then counted in BBOT scintillation fluid; aliquots of the supernatants were counted in Patterson Greene scintillation 
fluid’. The fraction of the '*C-leucine that was TCA insoluble before dividing the culture, but that became TCA soluble afterwards ts plotted as 
the percent of protein degradation, The arrows in this and in subsequent figures indicate the times when phages or other treatments were added to 


the bacterial cultures. a, No puromycin; b, 15 ug ml”: 


ib, c, d). Thus the degradation to acid soluble material of 
proteins made in the absence of puromycin is quantitatively 
similar in the T4-infected and in the uninfected cultures. As the 
concentration of puromycin increases, causing the production of 
progressively more PPF, the T4-induced inhibition of PPF 
degradation becomes apparent. 


Degradation of normal and canavanine- 
containing proteins after T4 infection 


To determine whether T4 infection inhibits the degradation of 
abnormal proteins other than puromycyl protein fragments and 
to extend our observations of normal protein turnover after T4 
infection, we performed the following double label experiment. 
Normal proteins in E. coli A-33, an arginine auxotroph, growing 
in the presence of arginine were labelled with *H-lysine; after a 
suitable labelling period, unincorporated *H-lysine and arginine 
were removed, and the growth medium was supplemented with 
unlabelled lysine and L-canavanine; 5 min later C-leucine was 
added to label the abnormal canavanine-containing E. coli 
proteins (CCP). At the end of the labelling period, the cells were 
collected, washed free of unincorporated canavanine and “C- 
leucine, and then resuspended in medium containing arginine 
and unlabelled leucine. Degradation of the *H-normal proteins 
and ‘“C-abnormal canavanine-containing proteins was 
measured in the T4-infected and in uninfected control cultures. 
The results of this experiment (Fig. 2) show no detectable 
difference in the degradation of normal °H-proteins between the 
T4-infected and uninfected cultures. Yet, in the same cells the 
degradation of abnormal '“C-proteins is severely inhibited in 
the T4-infected culture compared with the uninfected control. 
We conclude that during T4 infection, the rapid degradation of 
abnormal proteins and protein fragments is inhibited, but the 
turnover of normal proteins is unaffected. 


Inhibition of protein degradation 
after infection 
by various multiplicities of T4 particles 


If the processes of T4 adsorption and injection were themselves 
directly responsible for altering the cell in such a way that the 
degradation of PPF and CCP were inhibited, then the extent of 
inhibition of degradation might be expected to increase with 


c, 50 pg ml and d, 100 pe mi”) puromycin. 


increasing multiplicities of infection (MOI). Hf, on the other 
hand, T4 proteins synthesised after phage adsorption and 
injection were responsible for inhibition of degradation, little 
change in inhibition would be expected from different MOIs 
since only about four infecting T4 genomes per ceil can be 
expressed in normal conditions.” We therefore infected 
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Fig. 2 The degradation of proteins in uninfected and in T4- 
infected E. coli A-33 cells containing both *H-normal proteins and 
‘4C. abnormal proteins. Normal proteins in £. coli A-33 bacteria 
growing in M9 medium supplemented with L-arginine 
(50 weg ml” ') and L-tryptophan (50 pg ml '} were labelled with 
H-lysine (1 pCi ml"); the cells were then collected on filters, 
washed free of *H-lysine and of arginine, and resuspended in M9 
medium lacking arginine, but supplemented with L-canavanine 
(20 ng ml~') and unlabelled lysine (300 pgm’). After 10 mia | 
*C-leucine (0.2 aCi ml~') was added to label the abnormal CCP; 
5 min later the cells were again collected on filters, washed, and 
resuspended in fresh M9 with arginine (100 pg mi‘) and 
unlabelled leucine (300 yg ml”’). Thus, the E. coli A-33 culture 
contained *H-normal proteins and ‘*C-CCP. One half of the 
culture was infected with T4 particles; degradation of *H-normal 
proteins and '40..CCP was assayed as described in Fig. 1. The tow 
level of degradation of *H-normal proteins observed in this 
experiment is a consequence of the elapsed time between labelling 
normal proteins and the onset of our degradation assays. Those 
normal proteins that turn over rapidiy had been degraded during 
the labelling of CCP and, therefore, had become TCA soluble by 
the start of our protein degradation measurements. 
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Fig. 3 The effect of various multiplicities of T4 particles on the 

degradation of E. coli puromycy! protein fragments. This experi- 

ment is similar to that in Fig. ld, except that after exposure to 

puromycin (100 wg ml~') the CR63 culture was split into several 

aliquots which were then infected with the indicated multiplicities 
of T4 phages. 


aliquots of a CR63 culture containing ‘*C-PPF with various 
multiplicities of T4 particles. As can be seen in Fig. 3, the 
inhibition of PPF degradation following T4 infection is not 
multiplicity dependent. The same level of inhibition was ob- 
served with MOIs of 3, 6, 10, and 15 T4 particles per bacterium. 
Thus, it seems that the processes of T4 adsorption and injection 
are not directly responsible for the inhibition of PPF degrada- 
tion. 


Requirement for T4 protein synthesis 
to inhibit degradation of abnormal proteins 


To find whether T4 protein synthesis is needed to block the 
degradation of E., coli protein fragments we used the antibiotic 
chioramphenicol (CAP) to inhibit protein synthesis at various 
times after T4 infection. Puromycy! protein fragments in E. coli 
CR63 were labelled with ““C-leucine, as described above; the 
culture was divided and one half was infected with T4 particles. 
Our data (Fig. 4) show that T4 protein synthesis is required to 
inhibit the degradation of ‘“C-PPF. If CAP is added and T4 
protein synthesis is blocked 1 min after the addition of T4 
particles, the T4 infected and uninfected cultures show essen- 
tially no difference in PPF degradation. CAP does not interfere 
with T4 adsorption or injection; over 95% of the cells in the 
1-min CAP sample had lost their colony-forming ability because 
of T4 infection. If CAP is added to samples at progressively later 
times after T4 infection, the samples show progressively more 
inhibition of PPF degradation. The degradation of PPF when 
CAP is added 7 min after infection is nearly the same as in the 
T4-infected sample with no CAP. The addition of CAP 10 min 
or longer after infection does not affect the inhibition of PPF 
degradation (data not shown). Therefore, it seems that T4 
proteins synthesised early after infection inhibit the degradation 
of puromycyl peptides. Further, the continued synthesis of these 
proteins is not necessary to sustain the inhibition for the dura- 
tion of the latent period. 

Maturation-defective T4 mutants” have also been used to 
demonstrate that T4 early proteins are sufficient to inhibit PPF 
degradation. The proteins encoded by T4 genes 33 and 55 are 
required continuously for the synthesis of late T4 mRNA; thus, 
in T4 33° or 55° infections only early proteins are produced. 
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Our results (Fig. 5) show that in T4 33` or 55” infected E. coli 
cells PPF degradation is inhibited to the same extent as in the 
control T4 infection. We conclude that inhibition of PPF 
degradation is an early T4 function. 


The extent of T4-induced inhibition 


It is difficult to assess with certainty the extent to which T4 
inhibits CCP and PPF degradation. The continued solubilisation 
of labelled proteins that we have observed after T4 infection is at 
least in part due to (1) the time required for T4 particles to 
adsorb to bacteria, to inject their DNA, and to effect maximum 
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Fig. 4 The requirement for T4 protein synthesis to inhibit 
degradation of puromycyl protein fragments. This experiment is 
similar to that described in Fig. 1d, except protein synthesis was 
blocked at 1 min (©), 4 min (A), 5 min (O), 6 min (@), and 7 min 
(A) after T4 infection and immediately after dividing the CR63 
culture in one of the uninfected controls (@) by addition of 
chloramphenicol (CAP) at a final concentration of 100 ug ml*. x, 
Uninfected control; 0, infected control. 


inhibition, (2) the uninterrupted turnover of those normal pro- 
teins synthesised along with PPF or CCP during the labelling 
period, and (3) continued cleavages by peptidases of CCP and 
PPF molecules that were substantially degraded before T4- 
induced inhibition became effective. As treatment of cells with 
organic solvents such as toluene virtually eliminates the 
degradation of B-galactosidase amber fragments (D. Zipser, 
personal communication), we were interested to compare the 
inhibition of PPF degradation observed after treatment with 
organic solvents to that observed after T4 infection (Fig. 6). The 
organic solvent used was chloroform, which blocks degradation 
as rapidly as any treatment we have tested. Our results indicate 
that addition of chloroform to E. coli cells inhibits PPF turnover 
only slightly more rapidly than does addition of T4 particles 
(MOI = 5). This difference in kinetics of inhibition is probably 
due to the longer time required by T4 to maximally block PPF 
degradation. The turnover rates of PPF in the T4 infected and 
chloroform treated samples are nearly the same by 10 min after 
infection. 
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Inhibition of protein degradation by T5 and 
T7 phages 

Inhibition of degradation of abnormal proteins and protein 
fragments following virus infection is not peculiar to T4 phages: 
Other phages, unrelated to T4, such as T5 and T7, also inhibit 
PPF degradation (Table 1). Neither T5 nor T7 infection, 
however, seems to inhibit PPF breakdown to as great an extent 
as does T4 infection. 


Implications 


We have found that infection by T4, T5, or T7 bacteriophages 
results in the inhibition of degradation of abnormal E. coli 
proteins (CCP) and puromycy] protein fragments (PPF). Normal 
E. coli proteins, however, continue to turn over at their usual 
slow rates despite T4 infection. The differential effects of T4 on 
the turnover rates of normal and of abnormal proteins are not 
explained by the model of one E. coli proteolytic system in 
which the Vax of a crucial degradative enzyme is reduced after 
phage infection so that at high substrate concentration (for 
example, in the presence of PPF or CCP) the reduced V mex 
becomes rate limiting, whereas at low substrate concentrations 
(in the absence’ of PPF or CCP) substrate is limiting. On the 
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contrary, our experiments (Fig. 2) show that in the same T4- 
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Fig. 5 Inhibition of PPF degradation after infection by T4 
maturation defective mutants. This experiment is similar to that 
described for Fig. id with the following exceptions: an E. coll B 
(Lon*) culture containing '*C-PPF was divided into four aliquots, 
one of which was infected with T4am N134 (gene 33 ) (©), 
another with T4am BL292 (gene 55) (A), the third with wild type 
T4 particles (), and the fourth was treated only with broth (@). 
Degradation of ““C-PPF in each aliquot was assayed as described 
in Fig 1. 
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Fig. 6 The effect of chloroform on degradation of PPF. This 
experiment is similar to that described for Fig. 1d, except that 
several drops of chloroform were added to one aliquot of the 
*C_PPF-containing E. coli CR63 culture. @, Treatment with 
broth only; O, T4 infection only; x, chloroform added. 


infected cells at the same times that CCP (or PPF) degradation is 
inhibited, the degradation of normal proteins is unaffected. 
Thus, high substrate concentrations are not related to the 
differential effects of T4 infection on the degradation of normal 
and of abnormal proteins. Our results suggest that, at least in 
part, the E. coli pathway for the degradation of abnormal 
proteins is distinct from the pathways for thé degradation of 
normal cellular proteins. Therefore, the turnover of most 
normal E. coli proteins is not a consequence of changes in these 
proteins which renders them susceptible to degradation as 
abnormal proteins. ae 

Our observations explain why nonsense fragments of most T4 
proteins are readily found in extracts of infected cells*, whereas 
E. coli nonsense fragments are usually not found due to their 
rapid degradation in uninfected cells. This difference in turnover 
rates is not the result of some intrinsic distinction between T4 
and E. coli proteins, but rather of the inhibition of CCP and PPF 
degradation following T4 infection. 

Inhibition of CCP and PPF degradation requires T4 protein 
synthesis. Adsorption of T4 particles to the E. coll surface and 
injection of T4 DNA are not by themselves sufficient to alter 
protein turnover. The results of experiments using chloram- 
phenicol to block T4 protein synthesis at various times after 
infection suggest that an early T4 function is responsible for 
inhibition of CCP and PPF degradation. This suggestion is 
consistent with our observations following infections by T4 
maturation defective mutants. In T4 33° or T4 557 infection, 
early proteins, but no late proteins, are made; nevertheless, 
degradation of CCP and PPF is inhibited to the same extent as in 
wild type T4 infection. We conclude, therefore, that early T4 
protein(s) shut off the E. coli system for degradation of abnor- 
mal proteins and protein fragments. 

The fact that several unrelated phages are able to inhibit CCP 
and PPF degradation in their host cells suggests that this ability 
may have some evolutionary significance for the survival of 
these phages. Perhaps specific proteins of various phages and 
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other viruses would be degraded as though they were abnormal 
proteins by the host cell if its degradation system were not 
inhibited. 
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letters to nature 


An ultraviolet subdwarf 
companion to HD17576 


ULTRAVIOLET objects detected by the §2/68 UV sky-survey 
telescope’ aboard the TD-1 satellite consist primarily of known 
early-type stars. In addition, there is a substantial subgroup of 
unidentified and/or untyped ultraviolet stars including some 
new hot subdwarfs’* and a small subgroup of known late-type 
objects including the 20 stars of types F and G listed in the 
Ultraviolet Bright-Star Spectrophotometric Catalogue’. Selec- 
tion of those objects whose ultraviolet colours suggest that they 
are earlier than an unreddened B5 V star ought to eliminate the 
latter category entirely, but several apparently late-type 
anomalies persist. If these objects cannot be discarded on 
grounds of blending, misidertification, inaccurate ultraviolet 
colours (objects with flow flux or few orbital passes), or 
erroneous prior spectral types taken from the literature, then 
one is confronted with the possibility of genuine duplicity. 
UV0246 ~ 37, taken from the UCL Catalogue of Ultraviolet 
Objects soon to be published, is just such an object: a binary 
system consisting of a previously unrecognised hot ultraviolet 
star and a cooler G-type primary which wholly dominates in the 
visible region. 

Six unblended spectral scans of UV0246 — 37 were obtained 
by the $2/68 experiment in 1972-3, two of which must be 
rejected: in one pass the target lay too far off-centre to yield 
reliable data, and in the other the data were contaminated by the 
enhanced radiation background of the South Atlantic 
Anomaly’. Photon pulse counts were obtained in three 400-A 
spectrometer channels centred on 1,550 A (A2), 1,950 A (A3), 
and 2,350 A (A4), and in a photometric channel with FWHM 
310 A centred on 2,740 A. These counts were converted to flux 
densities through the absolute calibration determined by 
Humphries et al.° The mean ultraviolet spectrum from the four 
passes is plotted in Fig. 1, excluding the data at 1,750 A and 
2,150 A where vignetting was severe. The steep blueward rise is 
reflected in the mean difference between the magnitudes 
derived from pulse counts in the Al and A2 channels: 
Mar May = ~2.00. 

The position of UV0246 — 37 coincides with that of HD17576 
(=DM ~ 37° 1050 = SAO193923), a star of Mpa = 8.1 classified 
as GO on two HD plates’. To verify the spectral classification and 
check for evidence of duplicity, uvby and B photometry was 
conducted on the I-m telescope at the South African 
Astronomical Observatory in July 1977, and spectra at recipro- 
cal dispersion 30 A mm! (second-order blue) were obtained on 
backed I]a0 plates with the f/1.4 EMI image-tube spectrograph 
at Cassegrain focus on the 1.9-m telescope in September 1977. 


0028-08 36/78/02 73-04 12301 00 


The luminosity class of the GO star—as predicted among other 
factors on the strength of the G band, the dominance of Hô over 
the Fe 1 and Sr H lines shortward of it, and measures of 
luminosity-sensitive line ratios"—must be V or IV-V. The only 
spectroscopic trait indicative of the presence of a hot companion 
is the ratio of the Ca H lines (K:H=3:4), long held to be a 
reliable diagnostic of a composite spectrum’ when the ‘cool’ 
primary is later than type F and the secondary earlier than type 
A. 

The composite nature of HD17576 is strikingly confirmed by 
the uvby photometry (for a description of the uvby system, 
including the passbands of the four filters, see ref. 10): 


V =7.82 +0.02; u ~b = 1.152 +0.006 
b — y = 0.382 +0.006,;, m, =0.128+0.010 
cı = 0.113 +0.010; B = 2.584+ 0.007 


(weighted means of three observations). Since m, is low and c, 
very low indeed compared with the approximate mean values 
(for GO VY) of 0.18 and 0.34 respectively (E. Oblak, personal 
communication and ref. 11), it stands out conspicuously in a plot 
of the reddening-insensitive indices [c,] against [m] (Fig. 2). On 
the other hand, {b — y)= 0.382 is not anomalous and though not 
a reliable luminosity discriminant further supports the GO V 
classification of HD17576 since (6-y) remains virtually 
unaffected by any faint hot companion. [u — b] =[c,]+2[m,]= 


0.369 is certainly bluer than normal (~0.76); had it not been 


Fig. 1 Mean ultraviolet spectrum of UV0246~-37 from the 

$2/68 experiment: nine unvignetted points in the wavelength 

region covered by the spectrophotometer channels (A2, A3, and 

A4) and the photometric datum at 2,740 A (Al channel). Ordinate 

units are 10°'? ergem ?s } Å}; abscissa units, A. Error bars 

indicate the lo deviation over four of the six recorded orbital 
passes (see text). 
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contaminated, it could well have served as a luminosity dis- 
criminant''. The HB measurement is slightly low (Crawford 
tabulates 2.606 as the norm for GO) but among the G stars the 8 
index loses most of its usefulness as a luminosity or temperature 
discriminant through the crowding of absorption lines. 

The presence of the ultraviolet star in a binary system with a 
normal late-type primary enables us to infer the absolute 
luminosity of the hot secondary. The standard luminosity cali- 
bration gives M,=4.4 for a main-sequence GO star'*"*; with 
m, = 7.82, the distance turns out to be only ~50 pe. 

On the absolute flux calibration scale determined for Vega by 
Hayes and Latham”, the apparent magnitude of UV0246 — 37 
at 2,740 Ais ma; = 8.07. To derive m, for the hot secondary, the 
UV flux curve can be extrapolated—a possibly reprehensible 
procedure in view of the 0.2 or 0.3 mag uncertainty incurred by 
the Balmer jump—to give (m, — ma,)= 2.0. Alternatively, we 
can use the fact that the flux distribution of UV0853+01, an 
early-type field star unaffected by the presence of a cool 
companion, mimics that of UV0246—37 to infer the same 
2.0 mag difference. Moreover, if the mean value m, Ma, IS 
calculated for all hot subdwarfs (J. R. Giddings, unpublished 
data) with ultraviolet colours (ma2—ma,) and (ma2~ Maa) 
deviating no more than +0.2 from those for UV0246 — 37, we 
arrive once more at the same result. 





Per then aaa: 
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Fig. 2 Boundaries of the main sequence in the [c,]—[m,] plane, 
with normal positions for several spectral types shown. In standard 
notation’®, [c,] = ¢, — 0.20 (6 — y)and[m,] = m,+0.18(b — y). The 
diamond represents HD17576, whose anomalous position reflects 
its composite nature. The main-sequence band is based on the 
observational material of Oblak et al.'’. 


Thus m, = 10.1 for the secondary and its absolute magnitude 
follows: M, = 6.7. If the determination of MK luminosity were 
in error by half a class interval, a not uncommon discrepancy’®, 
then the quoted value could be 0.6 mag too faint. In any case it is 
at once evident that the secondary is markedly subluminous for 
an early-type star albeit more luminous than any white dwarf; it 
is indeed a hot subdwarf akin to such objects in the UCL 
Catalogue as UV1758+36 (ref. 2), UV0921+36 
(BD +37° 1977) (refs 17-19), and UV2158 —02 (BD — 3°5357) 
(ref. 20) but far more subluminous. Nevertheless, it is not 
without precedent: four objects in the list of subdwarf O stars by 
Greenstein and Sargent?! (HZ 38, HZ 3, Feige 26, and BD + 
25°4655) have M, 26.0. Luyten” considers the kinematic data 
for O and B subdwarfs scarcely distinguishable and accordingly 
treats them as a single group for which, on the basis of his 
proper-motion survey of faint blue stars, he finds M, = 4.1. 
Evidently UV0246-—37 has an exceptionally low luminosity, 
even for a subdwarf, indeed approaching that of the most 
luminous white dwarfs. However, the values of M, for the 
hottest white dwarfs are ill determined: for HZ 43, assigned 
M,=7.1 by Greenstein and Sargent’', a careful study by 
Margon et al.” finds M, = 9.1+0.5. Subdwarfs are in any case 
readily distinguished from white dwarfs on photometric and 
spectroscopic criteria (for example, ref. 24) except in a special 
case like the present one where the required observational data 
cannot be simply ascertained. 
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At this stage, estimation of the physical parameters of 


UV0246 -37 is an invidious task inasmuch as the errors in the 
flux measurement are substantial and Tø estimates from a 
black-body model are notoriously sensitive to the slope (for 
example, ref. 23). A crude black-body fit yields a temperature of 


+05 
4.2 D n 10* K. It may be noted that HZ 38, an O subdwarf 


36,000 K and log g = 7.0. 

The significance of the discovery reported here is twofold. 
Carnochan et al.” have mustered evidence from the faint (limi- 
ting m, ~ 10), unclassified ultraviolet objec:s detected by $2/68 
that there exists a substantial population of subluminous hot 
stars in a region of the HR diagram previously considered 
sparsely populated. Their space density and scale height have 
been calculated and will be published elsewhere. UV0246 — 37 
is manifestly drawn from this population. 

Second, there is a growing body of recognised cool stars with 
hot secondaries??? few of which represent such extreme 
cases of spectral segregation as UV0246 — 27, the primary being 
undetectable in the ultraviolet region and the presence of the 
secondary nearly indiscernible in the visible. The $2/68 survey 
yielded several other late-type ultraviolet anomalies of which 
ground-based spectroscopy and photomet-y are being carried 
out (ref. 27 and J. P. Swings and M. Berger, personal com- 
munications), and it is anticipated that other cool stars will prove 
to have unsuspected hot companions. These objects are prime 
candidates for investigation by the Interqational Ultraviolet 
Explorer satellite since their fortuitous occurrence in binary 
systems will help to elucidate the nature o’ the hot subdwarfs. 
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The origin of lunar palaeomagnetism 


THE new determination of magnetic field anomalies over part of 
the Moon's surface from Apollo 15 and 16 subsatellite 
magnetometer data has recently been interpreted’ in terms of 
magnetised areas of the lunar surface. I show here that, from this 
analysis, palaeomagnetic pole positions can be calculated and 
that these are so clustered on the lunar surface that there is 
evidence against meteoritic or cometary processes as explana- 
tions of the remanent magnetisation of the Apollo rocks. I 
conclude, therefore, that the Moon had a magnetic field in its 
early history produced by dynamo processes in a fluid electric- 
ally conducting core. 

Since the discovery of remanent magnetisation of Apollo 11 
lavas’, we have attempted in a series of papers to interpret lunar 
palacomagnetism as observed in the remanent magnetisation of 
the returned Apollo crystalline rocks and breccia and in wide- 
spread crustal magnetic anomalies mapped by magnetometers 
on Explorer 35° and the Apollo 15 and 16 subsatellites*, and by 
the reflected electron technique’. Surface traverses of Apollo 14 
and 16° also detected magnetic anomalies. Our interpretation 
supposed that the Moon once had a magnetic field in which these 
rocks acquired, at the time of their cooling from above the Curie 
point of their iron grains, a stable thermoremanent magnetisa- 
tion. This field existed at least from 4,000 to 3,200 Myr (the ages 
of the rocks studied), decreased from 1G to 5,000 nT (ref. 7) 
over this interval and has now disappeared. Much scepticism has 
been expressed® about this hypothesis of an ancient internal 
field, presumably because a number of consequences follow 
which had not been envisaged by the majority of lunar scien- 
tists—the existence of a sizeable iron core in which a dynamo 
process can take place’, the melting of the entire Moon” in its 
earliest history (so that the iron core formed) and thermal 
convection in the interior. 

Consequently there have been several suggestions as to how 
the magnetisation of the lunar rocks might have been acquired 
by an external field’® (or no field at all, although as T. Gold 
points out, some far-reaching modification in physics, for 
example, the law of parity, would seem to be necessary if this 
explanation were to be sustained). These ideas appeal to pro- 
cesses with which we are unfamiliar in terrestrial studies, and 
they are therefore difficult to test. For example, the ubiquity of 
large meteorite impacts on the early lunar crust has suggested 
the possibility of impact magnetisation'*'*. Also it has been 
pointed out that cometary impacts are statistically likely to have 
been quite frequent on the Moon and again the physical pro- 
cesses during such events may have favoured magnetisation *. 
What must be postulated is that the acquisition of a stable 
remanent magnetisation is greatly facilitated during such large 
impacts either by the effect of the transient stress field on the 
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iron grains (although the magnetisation direction might be 
biased by the stress) or through the shock wave raising the rock 
temperatures instantaneously to above the blocking tempera- 
ture of the iron grains. Thus the magnetising field on such a 
hypothesis could be small and transient: it may arise from surges 
of electric current in the plasma during impact, ‘pseudo-light- 
ning strikes’, or be the field of the solar wind, which does not 
remain constant for long. We are concerned with the early 
history of the Solar System when the solar wind field may have 
been much more intense than at present. The average solar wind 
field now lies in the ecliptic, therefore a magnetisation of the 
Moon along its rotation axis is implausible if the magnetisation 
was acquired very quickly as must be the case in an impact 
magnetisation process'*. On the other hand, because of the 
Moon’s rotation, a magnetisation in the ecliptic or the lunar 
equatorial plane is unlikely unless the magnetisation was 
acquired in a time much shorter than a month. 

Very important interpretations of the lunar magnetic 
anomalies, as seen by the Apollo 15 and 16 subsatellites, which 
bear on these critical questions, have been made by Hood, 
Coleman and Russell’. They show that these magnetic anomal- 
ies at altitudes of 100 km can be represented by 35 dipoles at the 
surface of the Moon and they calculate the strength and direc- 
tion of these dipoles. Strangway'®, and Dermott and Runcorn 
(unpublished) found that the largest magnetic anomalies of the 
lunar far side demand east-west directed dipoles for their 
explanation. Hood et al. show that the dipoles are not randomly 
directed in space but he nearly in the equatorial plane of the 
Moon. However, they show that their directions, projected in 
this plane, are scattered, apparently randomly, through 180°. 
They conclude that this random feature is the explanation of the 
null result found in the determination of the present dipole 
moment of the Moon’’. This result I had explained’? by showing 
that a spherical shell permanently magnetised by a field of 
internal origin, so that the magnetisation is parallel and pro- 
portional to the field, which later disappears, produces no 
external field. I had argued that such magnetic anomalies 
would arise from the large craters releasing lines of magnetic 
force from the magnetised lunar shell. Thus the anomalies 
should be well modelled by a dipole in the centre of the crater 
but it has been often found in such attempts (ref. 1 and Dermott 
and Runcorn, unpublished) that the dipoles are not so posi- 
tioned, although the largest magnetic anomalies are associated 
with the large craters around Van de Graaf on the far side. It 
therefore seems hkely that the magnetised areas may sometimes 
result from the cooling of layers of breccia thrown out by 
meteoritic impacts, as suggested by Strangway et al.'®. 

The two features of the distribution of dipole directions, that 
they are near to the lunar equator and in that plane are randomly 
directed, seem to suggest that a field is responsible which is 
directed in this plane and this suggests the solar wind field which, 
though fluctuating, is on average in the plane of the ecliptic, to 
which the lunar equator is inclined by only 1°. Cometary or 


Fig. 1 Distribution of 
pole positions from lunar 
magnetic anomaly dipoles 
(given in Table 1 of ref. 1). 
Stars are mean directions 
and circles the 95% circles 
of confidence. Stereo- 
graphic projection of 
eastern (a) and western 
(b) hemispheres of Moon. 
The numbers are the 
dipole strengths per unit 
area given in Gem. Left, 


eastern hemisphere. 
Right, western hemi- 
sphere. 
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Table 1 Number of poles within 30° sectors of longitude compared 
with number expected on the theory that the dipoles are randomly 
orientated in the lunar equatonal plane 


No. of poles 

No. of poles m 

all included <10 G cm excluded 
_ Longitude sectors Observed Theory Observed Theory 
Eastern Hemisphere 
0~30°, 150°-180° 2 a1 0 2.3 
30°-60°, 120°-150° 6 37 4 27 
60°--90", 90°-120° 7 6.0 7 5.9 
Western Hemuphere 
180°--210°, 330°-360° 1 38 1 3.6 
210*--240°, 300°-330° 4 4,5 4 4.2 
240°—-270°, 270°-300° 13 9.6 12 9.1 


y7= 5.30 (all poles included) and 595 (excluding <10 G cm). 
Confidence limits for rejection of theory, 75% and 80% respectively. 


meteoritic impact hypotheses seem to be supported. However, 
Table 1 of Hood et al.’ gives the locations on the Moon of these 
dipoles and their angles of orientation to the vertical and the 
meridian are listed. I have calculated the corresponding pole 
positions, as has proved fruitful in palaecomagnetism, that is, the 
latitudes and longitudes of the axes of those dipoles at the centre 
of the Moon which have fields at the various locations coincident 
with the palaeofield directions’ found there. These poles are 
plotted in Fig. 1 and are seen not to be random. 
A minority of directions are opposed to the most frequent 
grouping: this is to be expected as a dipole may either arise from 
a magnetised body of rock or from a magnetised part of the lunar 
crust in which there is a demagnetised volume, a physical cavity 
formed by impact or a volume of rock demagnetised by impact. 
Moreover, reversals of polarity of a field produced by a core 
dynamo process is to be expected. The scatter of the pole 
positions is considerable but this is to be expected as many of the 
anomalies, so remarkably analysed and modelled by Hood et al. 
are much less than inT, and their treatment of the 
magnetometer data has required the removal of the much larger 
field of the Earth’s magnetotail, which is not very constant. In 
fact the nonrandom distribution of the pole positions demon- 
strates that this difficult process has been successfully accom- 
plished by Hood et al. and suggests that an attempt to separate 
the magnetic anomalies from other regions of the Moon, at 
present obscured by the solar wind field, might be worth 
attempting. 

Thus the demonstration that the vector means of the two 
groups of pole positions, shown with their 95% circles of 
confidence in Fig. 1, are at 180°, seems at first sight to be strong 
evidence that the magnetisation of the lunar crust does not arise 
from meteoritic or cometary impacts, for the palacomagnetic 
directions impressed on the lunar crust from such processes 
must, because of the lunar rotation, be instantaneous directions 
from the solar wind magnetic field. Unless all the impacts 
occurred at the same time of the month, the palacomagnetic 
directions over the Moon as a whole would not have an axs fixed 
in one region of the Moon. However, the fact that the mean 
poles are along the E-W equatorial axis is odd. Consider a set of 
dipoles at a site (0° N, 180° E) lying in the equatorial plane. If the 
difference in azimuths of two neighbouring dipoles is d7 then 
their poles lie on the equator at distance d@ apart where @ is the 
angular distance from the site 


dé = dI(1+3 cos? 6)/2 


Thus if these dipoles at one site are distributed randomly 
through 180°, then their poles are clustered four times more 
densely about an E-W equatorial axis than about the N-S axis. If 
random N-S components are added, this distributon would 
resemble that of Fig. 1. However, I show now that the conclusion 
that the dipoles are random is wrong, although clearly the dipole 
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directions will be substantially affected by random components 
inherent in the magnetic survey observations and analyses. It is 
significant that four out of six of those po es which lie far away 
from the main group have dipole moment per unit area magni- 
tudes less than 10 G cm, that is corresponding to fields less than 
0.1 nT at the subsatellite orbit. 

The sites of the dipoles are in fact distributed over a strip 45° 
on either side of the mean site at 10° S 180° E. If random dipoles 
were uniformly distributed over the equator between 135° E 
and 215° then the pole density destritution would be pro- 
portional to tan™' sec 26, with a maximum at 90° E and 270° E, 
three times that of the minimum at 0° anc 180°. 

On the above hypothesis the proporticn of poles within the 
30° ranges of longitudes is shown in Tab.e 1 and is compared 
with the actual number. It is clear that x° test excludes at the 
80% confidence level the hypothesis that the directions are 
wholly random: an east-west component is also present. 

Yet there is an external field to which the Moon is exposed 
during 2-3 days around full Moon and wnich is directed along 
the Earth—-Moon line. This is the Earth’s ragnetotail: the Moon 
traverses both its north and south lobes, in which the magnetic 
field is directed towards and away from the Sun respectively, in 
the course of the year. Thus if impacts had imparted to crustal 
regions magnetisations directed along ths field, a plot resem- 
bling Fig. 1 would be found. However, -he Moon spends 10 
times as long in the solar wind as in the magnetotatl, and so 


-unless impacts occurred always at ful Moon the crustal 


magnetisations should be nearly randorcly distributed in the 
ecliptic. This hypothesis would, if 90° of rotation of the Moon 
about its axis since magnetisation had cccurred, explain the 
results of Table 1, had the magnetised area been small. But for 
two areas of longitude difference dA within the strip, imprinted 
by the magnetotail field, their calculated pcle positions would be 
d0 apart where d0 = 3dA(2+tan?A)/(4+tan’ A). This pole dis- 
tribution is spread nearly uniformly over atout 70° on either side 
of the mean pole. Thus the additional hypothesis of magnetisa- 
tion by the magnetotail field, as well as the solar wind field, 
would broaden the pole distribution of the theory columns of 
Table 1, rather than reduce it as required by the observations. 

So in spite of random scatter and the restricted area covered 
by the anomalies, it 1s concluded that the ancient pole position 
was not near the present axis of rotation of the Moon. Yet, in 
spite of the lunar core being an order of magnitude smaller than 
the Earth's core and the angular rotation Sess by a factor of 30, 
the reason onginally advanced to explain the fact that the 
average geomagnetic field is directed along the axis of the 
Earth’s rotation, that is the Coriolis force is many orders of 
magnitude greater than any other term in the hydrodynamic 
equation”, must also apply to the Moon. Therefore, I conclude 
that lunar palacomagnetism shows that pclar wandering occur- 
red in the Moon’s early history, that is, the Moon rotated relative 
to its axis of rotation It was shown previously that polar 
wandering can take place in a planet either by internal motion?! 
or by the disequilibrium produced by a mountain” (or crater), 
provided that solid state creep in the interior can readjust the 
position of the equatorial bulge which otherwise strongly stabil- 
ises the rotation axis. The dates of the magretised regions on the 
lunar highlands, which we are discussing, gre very early”: if the 
rocks are impact breccias they may be the same age as the last 
great impacts on the Moon (4.1 x 10° yr)** or, if they arise from 
craters in the already magnetised highlands crust, they may be 
older. In any case, they are of such an age that the great impacts 
which redistributed mass on the lunar sur‘ace on a large scale, 
were a likely cause of the polar wandering required to explain 
this result. Further studies when a comple:e magnetic anomaly 
map is obtained by the lunar polar orbiter may show pole 
positions distributed between the present equator and the 
present rotation pole. Such a polar wandering path would be of 
great interest, and would perhaps be ussful for the relative 
dating of the lunar far side. Such a slow poler wandering through 
over 90° would suggest that solid state creep in the lunar interior 
has played an important part in its evolution and supports the 
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view that convection is responsible for its non hydrostatic shape, 
as I have maintained****. The axis of minimum moment of 
inertia is aligned by the Earth so that the ‘bulge’ is earthward: 
thus if polar wandering has occurred it may have taken place 
along the present limb so that the ancient axis is now east- 
west. 

I thank P. J. Coleman, S. F. Dermott, L. Hood, R. Lin, L. 
Molyneux and C. T. Russell for helpful discussions. 
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Short-term storage 
and wind power availability 


IN a discussion on the economics of alternative energy sources, 
Ryle’ suggested that wind power in conjunction with short-term 
thermal storage can provide a viable and attractive source of 
energy in the UK. Leicester, Newman and Wright’ have recently 
analysed wind data and empirically derived heating demand 
over a six-month period. On the basis of these data they suggest 
that short-term (~150h) storage is inadequate to provide a 
reasonably reliable supply from wind generators for heating 
purposes. This conclusion has been criticised by Diesendorf and 
Westcott’ and, in view of the limited data sample used it is clear 
that a more extensive analysis is required. Here we use hourly 
wind and temperature measurements over a 17-yr period (data 
obtained from the Meteorological Office, Bracknell) to investi- 
gate the performance of a simple system in which wind power is 
used in conjunction with 150-h thermal storage to provide 
domestic space heating. The results are promising, even for this 
basic system, and confirm that, with some modifications, such a 
system can provide adequate reliability. A significant result of 
this analysis has been to indicate the importance of selecting an 
appropriate value for the wind speed at which the wind turbine is 
to produce its peak output (the ‘rated’ wind speed). It is shown 
that the use of too high a rated speed not only greatly exag- 
gerates the fluctuations in available power but could also result 
in a more expensive design of turbine for a given annual energy 


output. 
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Fig. 1 Histogram of the number of hours spent at different 
internal temperatures for a 17-yr period (149 x 107 h). 


For the main analysis a model system has been constructed in 
which electrically connected turbines at three typical well- 
spaced sites (Aberporth, Kinloss and Manston—three of the 
eight sites considered by Leicester et al.”) are used to provide the 
sole means of heating three groups of houses, one at each site. 
Each house is equipped with a thermal store having a half-power 
decay time of 150 h and the heat loss from the house ts taken to 
be proportional to the difference between internal and external 
temperatures. (Although heat losses also depend to some extent 
on cooling by wind and rain, these effects are small and have not 
been included.) For this simple system the rate of supply of heat 
to the houses is determined by the natural heat loss from the 
store, although in a practical system some additional control is 
likely to be included; the houses themselves have a thermal 
time-constant of 10h. 

Each turbine has a power rating such that the total energy 
produced over the winter months (October—March) is just 
sufficient to maintain the houses at that site at a constant internal 
temperature of 20°C. Because in the short term wind power and 
heat losses (that is, external temperature) are uncorrelated, 
there will be some periods when insufficient power is available so 
that the house temperature will fall and, conversely, others when 
the supply of heat from the store is excessive and some has to be 
discarded. To simulate a national grid system the power from the 
three turbines is divided in such a way as to keep the internal 
temperatures of the three groups of houses equal and as close to 
the design value (20°C) as possible. 





Table 1 Adopted turbine characteristics*” 


a RN A et ern te reir te retract trent nt Smet AMHR A ma AY Arm Na gah 


Wind speed 
Rated wind speed Relative power 

0-0.5 9 
0.6 0.2 
0.75 0.5 
0.9 0.8 

1.0-2.0 1.0 

>2.0 Q 
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The results of this analysis are shown in Fig. 1 as a histogram 
of the number of hours spent at different internal temperatures. 
It is found that the temperature is within 3°C of the nominal 
value (that is >17°C) for 86% of the time and falls below 10°C 
for a total of only 462h in 17 yr (0.3%). It is interesting to 
examine the results of our analysis for 1 February to 31 March 
1975, a period considered as an ‘extreme’ example by Leicester 
et al.” The histogram for this period is shown ın Fig. 2 (solid line) 
from which it can be seen that, even over this period, the 
temperature is above 16°C for over half of the time and never 
falls below 11°C. (Note that, with no change ın the results, the 
system could also provide domestic hot water at a nominal 
temperature of, say, 60°C, with corresponding temperature 
fluctuations ) On the basis of these figures the reliability of the 
system would not seem to be very much worse than that of the 
conventional grid when the effects of miners’ strikes, 3-day 
working weeks and so on are included. 

The system considered here 1s extremely simple and possibile 
enhancements which would undoubtedly improve the per- 
formance still further are: (1) the provision of a limited amount 





Temperature ( ©) 


Fig. 2 Histogram corresponding to Fig 1 for the ‘extreme 
period’, F 1975 (Leicester et al’) Vg=1.5 Ẹ 
(solid line), Vg = 2.3 V (dotted line) 


of non-degrading storage, for example, of the eutectic or chem- 
ical type which, in conjunction with the above system, would 
reduce the wastage of energy during warm periods. (2) The use 
of storage having the same capacity but better thermal insulation 
(as might be applicable to a small-scale district storage system) 
so that some control could be exercised over the rate at which 
heat was extracted. Avoiding the unnecessary heat loss at night, 
for example, would be important when considering the 
economics of the system. 

We have used the measured performance figures of actual 
machines*” and, as described below, adopted a ‘rated’ wind 
speed of 1.5 times the mean wind speed, V. By comparison, the 
generator characteristics used by Leicester et al ° are based ona 
higher rated wind speed and, also, give an output which seems to 
fall off unreasonably rapidly at the lower wind speeds. To show 
the effect of a higher rated speed we have recomputed the 
histogram of Fig. 2 for a rated speed of 2.3 V (dotted line) from 
which it is apparent that the performance of the system is 
significantly degraded. In contrast to the results of Leicester et 
al.*, who assumed an unrestricted rate of energy extraction from 
the store, in neither case is the store completely emptied over 
this period. The discrepancy between our results and those of 
Leicester et al.” can therefore be explained largely in terms of (1) 
the different wind-turbine characteristics which we have used 
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Fig. 3 Temporal distnbution of combined power output from the 
three sites for two values of ‘rated’ wind speed; Va =2 3 V (solid 
line); Vp =1.5 V (dotted line). 


(Table I) and (2) our use of a thermal] store with an exponential 
decay. (However, it is not clear why the averaged heating 
demand as derived by Leicester et al.* should have such a low 
standard deviation (4.9%), a value which is remarkably small 
even allowing for a significant, and constant, demand for 
domestic hot water; in contrast, the weekly records of the energy 
used for heating our own laboratory between October 1977 and 
March 1978 show a s.d. of 30%.) 

Finally, we discuss briefly the effect of variations in the rated 
wind speed of the turbine. ETSU* have shown that for UK sites 
the maximum annual energy output is provided by a turbine 
having a rated wind speed approximately 2.3 times the mean 
wind speed, assuming that the cut-in speed, that is the speed 
below which no output is obtained, is about half the rated wind 
speed. However, such a turbine gives rise to prolonged gaps in 
the energy supply. If a lower rated wind speed is adopted these 
gaps are considerably reduced; conversely, if the rated speed is 
higher than 2 3 V, not only are the gaps seriously increased but 
the total energy output also falls The effect of changes in the 
rated speed can be seen clearly in Fig. 3 which shows the number 
of hours for which a given combined output is obtained from the 
three sites considered previously. The histograms have been 
derived from two systems having the same total energy output 


Table 2 Parameters of two wind turbines having the same annual 


output but different rated speeds 

Parameters VR= 2.3 Y VrR=15 v 
Power rating 1 MW 300 kW 
Rated wind speed 27 knots 18 knots 
Diameter 46m 52 m 
Relative aual force 1.0 0.54 
Relative torque 1.0 0.62 

Estimated costs (£10°) 
Tower, foundations 22 17 
Orientation 4 4 
Rotor 30 34 
Mechanical transmission 26 16 
Alternator 12 5 
Other items 14 14 
Total cost £108(000) £90(000) 
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but with different rated speeds of 2.3 V (full line) and 1.5 V 
(dotted line). It is apparent that the former system has much 
longer periods of low or zero output and a correspondingly 
shorter time at which it is near its rated output. 

Because, for a given swept area, reducing the rated speed 
from 2.3 V to 1.5 V decreases the annual energy output by 
~20%, a proportionate increase has to be made to the size of the 
turbine blades to obtain the same mean output. The latter 
machine is, nevertheless, likely to be cheaper, because of the 
reduced ratings of the alternator and gearbox and the lower 
loading of the tower, as well as providing a more steady output. 
This is shown in Table 2 in which two designs having the same 
annual output are compared. The relative costs have been 
estimated using figures in the ETSU report’. 

Our analysis has been concerned only with the time variations 
of available wind power in relation to fluctuations in the demand 
for space heating. Because of the normalisation carried out at 
the start of the analysis no knowledge of the absolute power 
demand is required and the results are independent of the type 
or number of houses to be supplied by the wind turbine or the 
precise temperature at which they are maintained. However, an 
approximate estimate of absolute energy requirements can 
readily be made. Assuming an average winter heating demand 
of 2kW, a typical figure for a medium-sized, well-insulated 
house, a single turbine of the type considered in Table 2 would 
be sufficient to maintain about 90 houses at the temperature 
levels given in Fig. 1. 

We thank the Meteorological Office for the supply of wind 
data. Financial assistance from the SRC to M.B.A. and from the 
Royal Commission for the Exhibition of 1851 to K.N. is 
acknowledged. 
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New materials in the 
Si-C—Al-—O-N and related systems 


THE concurrent discovery at the Universities of Utah and 
Newcastle-upon-Tyne of a continuous series of solid solutions, 
with the 2H wurtzite-type structure, between silicon carbide 
(SiC) and aluminium nitride CAIN) is reported here. This, 
together with observations of the additional solubility of alu- 
minium oxycarbide (Al,OC), suggests a large extension to the 
already wide field of sialons. It offers the prospect of many more 
materials in the Si-C—Al-O-N and related systems that are of 
scientific and technological interest not only as engineering 
ceramics but also for their physical, chemical, and electrical 
properties. 

Silicon nitride and silicon carbide are leading contenders for 
gas turbine and other high-temperature engineering appli- 
cations. Extensive solid solution based on B-Si,N4 was first 
shown by Oyama’ and by K.H.J. and Wilson’ but only a few 
systems, such as Si;N,-Al,03N, Si;N,-MgAl.O, and Sh Na- 
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Fig. 1 X-ray photographs of 2H wurtzite-type solid solutions of 
SiC~AIN, 


LiAl;Og, have been explored in detail. Investigation progressed 
in different directions’ when it was appreciated that the rever- 
sible replacement 


Sif N? = AP +O? (1) 


is of general applicability and that the sialons are essentially 
aluminosilicates in which oxygen is partly replaced by nitrogen. 
A wide field of new materials exists, vitreous as well as crystal- 
line, built up of (Si,AI)(O,N), tetrahedra in the same way that 
the almost infinite variety of mineral silicates is based upon the 
(Si, AIO; tetrahedron. 

The formation of extensive solid solutions with silicon nitride 
and also with silicon carbide might seem surprising in that their 
covalent bonding, in addition to its high strength, is specific and 
selective. In the Si-Al-O-N system’ the extended homogeneity 
range of phases along lines of constant metal: nonmetal atom 
ratio M: X and the very restricted solubility in directions parallel 
to the AIN-SiO, join is due, at least in part, to the similarity of 
the two bond lengths 


Si-N(1.75 A)~ Al-O(1.75 A) (2) 
and the difference between the other two bonds 
AI-N(1.87 A) # Si-O(1.62 A) (3) 


The ready replacement of metal and nonmetal atoms in 
covalently bonded solids ts not restricted, however, to that of 
Si-N by Al-O. Thus, a variety of polytypes MmX m1, MmaiXm 
and MX with extended regions of homogeneity have been 
characterised recently* in the Mg-Si-Al-O-N, Be~Si-Al-O-N 
and Al-C-—O-N systems. Their structures are related to those of 
the silicon carbide polytypes and are based on the atomic 
arrangement of wurtzite. 

Recent work at Newcastle’ has shown the existence of a’- 
sialons, that is, phases in the M-Si-Al-O-N system where M 
includes Li, Mg, Ca and Y, that are isostructural with a-Si,N,. 
The unit-cell contents are represented by M,(Si,Al),2(O.N):6 
where x #2 and where the metal atoms M occupy partially or 
completely the only two interstitial sites in the structure. As 





Table 1 Unit-cell dimensions of the end members of wurtzite-type 
solid solutions 


a Č 
a-SiC(2H) 3.076 5.048 
AIN 3.114 4.986 
Al,OC 3.19 5.09 
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shown by equations (4) and (5), the formation of a’-sialons from 
silicon nitride 

3Si N4 +3AIN + CaO —> CaS Al ON;s (4) 

3Si N; +3AIN + YN > YSi Al, Nis (5) 


is essentially by replacement of Si-N by AL-N and not by AHO 
as in 8’ formation. 

Although the preparation of wurtzite-type ALCON shows 
the possibility of producing carbon-containing sialons, the first 
attempts to do so at Newcastle were unsuccessful. Because 
diffusion coefficients in covalent solids are extremely small, solid 
solution is unlikely to be obtained by the heating and annealing 
of the powdered solid components; nor 18 it possible by melting 
The other possibilities, by liquid-phase and vapour-phase reac- 
tions, have both now been used in preparing SiC-—AIN solid 
solutions. 

The preparation of silicon carbide and silicon nitnde from 
silica by reduction with carbon or carbon plus nitrogen is a 
vapour-phase process’ involving the formation of SiO and 
CO. Similar reactions occur in the production of aluminium 
nitride from aluminium oxide (I.B.C., unpublished) and of 
sialons from clay’° and S102: Al;O3 gels (A. Hendry and K.H.J., 
unpublished). All such processes occur rapidly at relatively low 
temperatures, 1,400-1,600 °C. By using a very finely divided, 
high surface area, amorphous silica (‘Cabosil’) and a carbon 
source such as starch or sugar, an intimate and porous mixture of 
carbon and silica is produced by coking to remove all volatiles. 
Other oxides may then be homogeneously dispersed within the 
mixture by precipitation from their soluble salts. Using these 
techniques, with aluminium precipitated as hydroxide, reactions 
have been carried out at Utah in both argon and nitrogen 
atmospheres at 1,600°C. These show 2H wurtzite-type solid 
solutions between SiC and AIN and between SiC and Al,OC 
extending in each case from 2m/o to 100m/o of the aluminium- 
containing component. In each case continuous shifts of 
reflections were observed in a single-phase wurtzite-type 
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Fig. 2 Unit-cell dimensions of 2H solid solutions of SiIC~AIN. 


diffraction pattern corresponding with the unit-cell dimensions 
for the end members given in Table 1. 

At Newcastle it was considered that a'-sialons were obtained 
by reaction of SiN, with AIN plus relatively small concen- 
trations of CaO or Ca,N, because of the formation of a liquid 
phase in which the reactants have some solubility. When a’- 
CaSipgAl,ON,5 was reduced in a carbon crucible at 1,800 °C for 
30 min in flowing nitrogen the product was single phase with a 
wurtzite-type structure of unit-cell dimensions corresponding to 
3SiC . AIN. No calcium was detected in the product and in the 
same experimental conditions calcium oxide was completely 
reduced and volatilised as calcium vapour and carbon monox- 
ide. In subsequent experiments at the same temperature, mix- 
tures of Si;N,, AIN and CaO were reacted with carbon instead of 
using the preformed a'-sialon. It 1s thought that the addition of 
CaO provides a transient oxynitride liquid in which the reactants 
are soluble. 
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Fig. 3 Linear coefficients of expansion (7-0-1,000°C) of solid 
solutions of SiC-AIN. 


SiC—AIN solid solutions were also obtained at Newcastle by 
heating intimate mixtures in molecular nitrogen at 1,400- 
1,500 °C of SiO2, AkO, and C obtained by a sol-gel process. 
The products always contained some 8-SiC, unlike those pre- 
pared by essentially the same process at Uzah. The formation of 
8-SiC depends on impurities, and also on mitrogen pressure, but 
it is clear from the present results that 8, cnce formed, does not 
readily react with-AIN to give a solid solution. 

Figure 1 shows X-ray photographs of 2H solid solutions of 
3AIN: SiC, AIN: SiC and AIN : 3SiC compared with that of pure 
AIN. The shifts of X-ray reflections show “hat c increases and a 
decreases as AIN is replaced by SiC. This variation in cell 
dimensions is shown by Fig. 2. The mean >oefficients of expan- 
sion a, and a, at 20—1,000 °C for the com>osition AIN : SiC are 
compared with values for the end members in Fig. 3. The value 
of about 5 x 10° per °C is probably too high for the use of the 
material in gas turbine applications but the electrical and semi- 
conducting properties are expected to be of interest. 

As extensive solubility between the end members of the 
SiC—AIN solid solution occurs with ALOC, five component 
Si-C-AHỌO-N phases must occur althcugh their ranges of 
homogeneity have not yet been establisted. Moreover, there 
are many nitrides, oxynitndes and cazbo-oxynitrides with 
wurtzite-type structures, for example LiSi.N3, MgsSiN:, 
LiSiION, MgSi AIN, and ALCON, and so in appropriate condi- 
tions these should also form solid solutions with SiC—AIN. 

The new materials based on Si-C—Al-O_N in combination 
with a variety of network-modifying metais will not all be useful 
ceramics but their other properties are worth investigation. 
Moreover, they provide a new and hither-o unexplored area of 
inorganic chemistry. 
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New isotopic evidence 
for the origin of Red Sea brines 


THE hot brines in the Atlantis II Deep in the Red Sea (Fig. 1) 
have concentrations of both oxygen- and hydrogen-isotopes 
which are different from those of the overlying Red Sea deep 
water but are identical to the surface waters, only at the southern 
parts of the Red Sea’. It was inferred, therefore, that these 
brines originated in the southern Red Sea and have migrated 
northwards to their present location. This hypothesis has often 
been questioned, using mainly geological arguments, the most 
striking of which 1s the improbability of a plumbing system which 
had to work over a distance of more than 800 km (refs 3, 4). 
However, the geochemical problem of the depletion in heavy 
isotopes in the hot brines as compared to the directly overlying 
seawater has still not been solved. We can add new data to this 
discussion from stable isotope analyses carried out on new 
brines which were found throughout the Red Sea (Fig. 1). Many 
of these occurrences are between the Atlantis II Deep and the 
southern Red Sea’. 

Our analytical procedures were the same as those for the early 
isotope analyses on the Atlantis II Deep brines” and are 
described in detail elsewhere®'*. The accuracies were +0.07% 
and +0.5% for oxygen and hydrogen, respectively 

The results are given in Table 1 and Fig. 2. Many of the brines 
have chlorinities which are appreciably lower than the nearly 
saturated brine in the Atlantis II Deep. We assume that this is 
due to dilution by seawater after intrusion of the saturated 
brines. This would have caused a change in the isotopic 
compositions if seawater and brines differed in their initial 
isotope content. Therefore, we calculated the assumed 
compositions of the brines before their dilution. These ‘cor- 
rected’ values are shown in Table 1 and Fig. 2. 

The brines exhibit a considerable variation ın their isotopic 
content. However, those brines near the Atlantis H Deep are 
isotopically identical. These include the Atlantis II Deep itself, 
the Discovery Deep, the Chain Deeps and the Albatross Deep 
(Fig. 1). This homogeneity supports previous assumptions~” that 
the brines in the Atlantis JI Deep area are from one source and 





Table 1 '°0/'°O, D/H-isotope and chloride data for waters of various 
l brines ın the Red Sea 


c è 8 o* spt 8*otr s8Dt 


Location (gperkg) (%) (%) (4) (4) 

Atlantis II Deep +156.0 +1.21 +7 4 +119 +7.3 
Chain A-Deep +1548 +129 +82 +1.26 +8.0 
Chain B-Deep +155.5 +1.19 +7.5 +1.16 +7.3 
Chain C-Deep +154.2 +1.22 +75 +1.19 +7.3 
Discovery Deep +155.1 +1.16 +75 +1.13 +7.3 
Albatross Deep +143.5 +1.20 +77 +1410 +7.2 
Valdivia Deep +144.6 +1.84 +115 +1.83 +115 
Erba-Deep +838 +1.98 +130 4209 +149 
Port Sudan-Deep +124.8 +2.39 +15.0 +257 +16.2 
Nereus-Deep +1295 +2.64 +172 +2.86 +18.9 
Kebnt-Deep +153.2 +1.05 +104 +1.00 +103 
Suakin-Deep +85.8 +4256 +216 +335 +33.6 





-values are reported versus SMOW and are defined as 
Riggs Rindan 
8 = _x 1, 000%] 
R mandard 
where R is the D/H and the “*0/'°O rato respectively. 
* Measured values The orginal brines are supposed to be diluted by 


Red Sea Water so the corrected datat for undiluted brines are calculated 
according to the following formula’ 
8 corr = (Sanne ~ X,8ew)/(1 - x1) 

Stine are the measured isotope data*, dgw the data of recent Red Sea 
deep water (8 "Ogg = 1 89%, 8Dgy = 11.5% (ref. 6) The sea water 
contributions x, to the actual brines are calculated from the respective 
contents Clie: X = (Clbnne ~ 160.8)/(22 5— 160.8) The saturation 
Cl" -concentration of Atlantis II brine is 160.8 g per kg at 25 °C (ref. 2); 
22 5g per kg (ref. 6) was determmed for recent Red Sea deep water 
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Fig.1 Locations of Atlantis II Deep brine pools and of new bnne 
occurrences in the Red Sea?”’®, 


probably have subsurface connection. The presence of nearly 
identical brines in the Albatross Deep is now understood better 
and could not be explained by the overspill theory’. 

The Valdivia Deep is an elevated position located away from 
the central rift 10 km west of the Atlantis II Deep system (Fig. 
1). Its brines have significantly higher D/H and “O/'*O ratios 
than the Atlantis II Deep brines. They are the only example of 
brines which are isotopically identical to present-day Red Sea 
water, which suggests that they originated from present-day Red 
Sea deep water, or from Red Sea palacowaters of present-day 
composition. For this brine pool, a dissolution of exposed 
evaporites® by present day Red Sea deep waters is likely. 

The brines from the Erba, Port Sudan and Nereus Deeps 
are enriched in both D and “*O and exceed the range of present- 
day Red Sea deep waters. Only a few processes could have 
caused a simultaneous enrichment of D and ‘*O as shown in Fig. 
2 for these three brines. An ennchment by evaporation is highly 
unlikely as these brines have never been exposed to air. Mixing 
of recent Red Sea water with only one subsurface brine having a 
specific isotopic composition is excluded as the adjustment of 
these values to brines umixed with seawater (corrected values in 
Table 1) should then result in identical isotopic compositions, 
and the corrected values differ significantly. The 8D and 6*O 
values of the three brines under discussion fall nearly on a line in 
the 8D/S *O diagram; this line 1s located between present-day 
Red Sea deep water and Red Sea deep water of the last glacial 
maximum 18,000 yr BP (III in Fig. 2). This value was estimated 
using '*O-variations in foraminifera in Red Sea sediments which 
are given in Fig. 3. The total '*O-enrichment, A’*O, during the 
last glacial maximum was ~+2% in “*O as compared with 
present-day values. The A’*O values in Fig. 3 are the approx- 
mate O-oscillations of the Red Sea waters during the past 
20,000 yr as surface water temperatures did not change 
significantly during this period’®. The Red Sea deep water- 
values given in Fig. 2 have been estimated with the assumption 
that the 8 '*O/8D relationship of Red Sea deep water relative to 
open ocean water (SMOW) (that is 8D =68“*O (ref. 1)) has 
prevailed. 
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We conclude that the bnnes from below the Erba, Port Sudan 
and Nereus Deep are Red Sea waters, which infiltrated to 
sub-bottom strata during times when the isotopic composition of 
the Red Sea was significantly enriched in heavy isotopes as 
compared with today; that is, these brines are essentially derived 
from Red Sea palacowaters. 

The same concept could also explain the origin of the Atlantis 
II Deep brines. During past pluvial periods the Red Sea water 
was depleted in 1O by up to 1% compared to open ocean 
water’. An ‘8O-depletion is also indicated in Fig. 3 by the 
negative A'*O values at inferred ages that are about 5,000 yr BP. 
We therefore propose that the isotopic composition of the 
Atlantis II Deep should not be related to present-day Red Sea 
surface waters but more likely to isotopically depleted Red Sea 
deep waters from previous pluvial periods. The depletion in ‘*O 
of ~—0.5% during the last climatic optimum (~5,000- 
8,000 yr BP) as indicated in Fig. 3 is sufficient to explain the 
isotopic composition of the Atlantis H Deep brines which are 
also depleted by 0.6%. as compared to present day Red Sea deep 
waters. 

The concept of a palaeowater origin of the brines in the Red 
Sea agrees with the widespread occurrence of brines and eli- 
minates the need to hypothesise their derivation from waters to 
the far south. We assume that these palacowaters were trapped 
in an earlier geological period and have been stored since then in 
subterranean strata. Alternatively, dynamic systems have to be 
assumed where the subsurface flow times of these systems are of 
the order of 7,000—15,000 yr. 

The brines in the Kebrit and Suakin Deeps do not have 
isotopic compositions within the range of possible Red Sea 
palaeowater compositions. Some specific waters of the meteoric 
water cycle have similar compositions. Such waters were found 
in lakes in the Danakil Desert’? or in hot springs in the area 
around Djibouti’? The intrusion of such waters at the bottom of 
the Red Sea is unrealistic. Therefore, we assume the Kebrit and 
Suakin brines to be Red Sea palaeowaters which have changed 
their isotopic compositions due to secondary effects. High 
temperature exchange reactions between minerals and waters 


Flg.2 Isotopic composition of Red Sea brines and some inferred 
source fluids. Each brine which has a salinity higher than the 
Atlantis II Deep brine has a corrected value (©) which is connected 
with the measured value (©). The corrected values give the original 
isotopic composition of the brines, if it is assumed that the lower 
salinities were caused by dilution with present-day seawater. The 
isotopic variation of world ocean water and Red Sea deep water is 
shown for the following stages: I interglacial (last climatic opum 

8,000-5,000 yr BP), TI present day and II glacial maximum 18, 

yr BP. The isotopic composition of interstitial waters s not well 
defined (J. R Lawrence, personal communication); the indicated 

fleld encloses the reported analytical uncertainties’ 
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Inferred age (kyr BP ) 
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Fig. 3 Variation of the 1O concentration ia the Red Sea during 
the past 20,000 yr. The A’*O values are defined as 81O pa~ 
5 Osc and show the relative change of FO in foraminifera in 
the Red Sea as compared to present day foraminifera values. As 
the temperature variations in the Red Sea waters were small, the 
A'*O values represent approximately the vanations in '*O in sea 
water. The time scale has been Inferred by assuming the time of 
maxmum '*O enrichment to be 18,000 Yr ap. The '*O concen- 
trations of the brines are given for comparison and are also plotted 
as differences from present day Red Sea deep water This 
comparison shows that the variations in “"D in seawater cover 
those in the brines. 


are improbable. Even the Atlantis II Deep brines, which exhibit 
the highest temperatures, do not show any "O isotope shift”. We 
suggest, however, that low temperature mineral reactions, 
similar to those which alter pore fluid compositions'*:'* should 
be considered. Interstitial waters in the Red Sea sediments have 
been analysed in bore holes near the brine deeps (GC 225 and 
GC 228 in Fig. 1). Although the '*O corcentrations in these 
fluids could be determined only with great uncertainty (J. R. 
Lawrence, personal communication), it 3 important to our 
results that interstitial waters are similar in their isotopic 
compositions to those brines which do not fit to proposed 
unaltered palacowaters. These waters also tend to be different as 
compared to Red Sea deep waters and Red Sea palacowaters 
and are similar to the brines at the Suakin and Kebrit Deeps. The 
brines of the Kebrit and Suakin Deep may, therefore, be inter- 
preted as accumulations of expelled inters-itial waters. 

This interpretation is somewhat speculative, especially take- 
ing into account the isotopic composition of the Suakin brines 
before dilution. However, alternative sou-ce fluids like down- 
wards migrated meteoric waters from the Saudi Arabian coast’ 
are even more speculative and formation waters" are ruled out 
by their isotopic composition. 
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Texture discrimination and 
Fourier analysis in human vision 


NEUROPHYSIOLOGICAL experiments have shown that many 
cells in the visual cortex of the cat and monkey respond well only 
if the retinal image contains a line stimulus of appropriate 
orientation and width (spatial frequency} ?. Different cells are 
sensitive to different orientation/spatial frequency combina- 
tions and judging from numerous corroborative psychophysical 
experiments, it seems highly probable that similar populations 
of cells exist in man also’. However, the function of these cells is 
not known. One suggestion is that they decompose the retinal 
image into its two-dimensional Fourier components and that 
processes such as object recognition, region finding and image 
segmentation then operate on this Fourier description*”’. We 
report here experimental results on human texture dis- 
crimination which argue against this possibility by showing that 
textures which differ markedly in their Fourier spectrum are not 
always readily discriminable. 

Figure | illustrates the texture discrimination task we used. 
Each stimulus had one ‘target’ quadrant whose texture differed 
from that used for the other three quadrants. The stimuli were 
presented in a tachistoscope and latencies were measured for 
discrimination of the target. A buzzer warned the subject when a 
stimulus was about to appear and he indicated his choice for 
target quadrant by pressing one of four response keys, arranged 
in a panel to match the layout of the stimulus quadrants. His 
response terminated the stimulus presentation and also stopped 
a timer which recorded response latency. Each stimulus was 
presented four times during an experimental session lasting 
about 30 min. The location of the target quadrant was varied 
randomly from trial to trial except that each quadrant was used 
once for the target for each stimulus. Stimuli were presented ina 
different quasi-random order for each subject which ensured 
that he did not know which quadrant was to be the target on any 
given trial. 

Textures consisted of either one sinusoidal grating (45°, Fig. 
la and d), two sinusoidal gratings added together (45° + 105°: 
Fig. 16 and e), or three sinusoidal gratings added together 
(45° + 105° + 165°: Fig. 1c and f). In half the stimuli the target 
quadrant differed from the other quadrants in the spatial 
frequency of its texture (2.2 and 4.4 cycles per degree respec- 
tively: Fig. la-c). In the other half the target differed in the 
orientation of its components (30° rotation: Fig. 1d—f). All 
stimuli were generated by computer and produced as hardcopy 
on a full-tone facsimile picture recorder (Muirhead type K-550- 
B/1). 

The reader is invited to judge for himself the difficulty of 
finding the target quadrant in each of the stimuli shown in Fig. 1. 
Subjects made the various spatial frequency discriminations 
very quickly but took much longer over the orientation ones. 
Even the quickest orientation case (Fig. 1d) produced a mean 
latency twice as long as any of the spatial frequency ones and in 
the three-component orientation condition (Fig. 1f) the latency 
is extremely long indeed. 

We have also studied this kind of texture discrimination task 
using 200-ms tachistoscopic stimulus presentations which 
prevent benefit from scanning eye movements. Texture dis- 
criminations which can be made in such circumstances are 
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sometimes called ‘immediate’ to distinguish them from dis- 
criminations requiring much more lengthy and careful scrutiny”. 
The spatial frequency discriminations remained easy using 
200 ms presentations whereas the orientated type could not be 
performed reliably, even in the one-component condition’. We 
have also found that these conclusions apply to textures 
composed of filtered random noise (which appear like woven 
fabrics). 

These results are difficult to reconcile with any theory in which 
it is assumed that the processes of texture discrimination have 
immediate access to information corresponding to a local 
piecewise Fourier analysis. In Fourier terms, the difference 
between target and non-target textures in all the stimuli of Fig. 1 
is clearcut, consisting as they do of widely separated pure 
sinusoids. Given a Fourier model, therefore, easy discrimination 
would be expected in all cases but this was not the obtained 
result. 

The results are also difficult to reconcile with Julesz’s theory of 
texture vision’’. Julesz has proposed that textures which differ 
only in their 3rd or higher order statistics cannot be dis- 
criminated without scrutiny. This conjecture does not entail, of 
course, that all textures differing in their lower order statistics be 
discriminable. Even so, the second order differences between 
target and non-target quadrants in Fig. | are marked and this 
makes the relative difficulty with orientated discriminations 
surprising, given Julesz’s basic thesis. 

An alternative theory of texture vision has been formulated 
by Marr’? in which the processes of texture vision have access to 
a rich but primitive symbolic description of the visual scene 
called the ‘primal sketch’. According to Marr's theory, the 
primal sketch is computed from local measurements taken at 
every position in the visual image by the orientated spatial 
frequency channels. The outputs of these channels are then used 
to produce a description of the kind of edge or blob present at 


Fig. 1 Sample stimuli used in the experiment. Times alongside 
each figure are group mean latencies (n = 9) for detection of the 
target quadrant (s.e.m. in brackets). 
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each location, with channel outputs not available to *absequent 
processes. Consider, for example, Fig. lc. In terms | Marr’s 
theory, the measurements taken by the various or ntated 
channels are used to form ‘assertions’, entered i 
sketch, about the presence of blobs of 
contrast. The clear cut differences i 








“are of'go 
Pe aE to subsequent processes. Instead, in order t detect 


to agereesie the blobs into rows. It is only after this group; 
process (which would be maximally difficult in Fig. if—he 


the longest latency for this condition) that the. orientation : 
differences in the textures can be detected. On the other hand, in 
the case of a discrimination based on spatial fre uency 





is written catea into the rimal sketch and is thus available 
directly to the processes of immediate texture discrimination. 
Clearly, our results are compatible with Marr’s ideas and chal- 
lenge any theory which suggests that the outputs of orientated 
spatial frequency channels are used directly for immediate 
texture vision. 
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Artificial menstrual cycles, 
behaviour and the role 
of androgens in female rhesus monkeys 


THE sexual behaviour of higher primates has special relevance 
to the human situation. The rhesus monkey, for instance, has a 
true menstruation, and copulation occurs throughout the cycle. 
Levels of sexual activity, however, are generally higher in the 
peri-ovulatory period’, and a similar mid-cycle maximum has 
been reported for certain human couples’. Androgens increase 
the sexual behaviour of rhesus females**, and they have been 
used to treat loss of libido in women’. “These observations, 
together with the rise in plasma testosterone near mid-cycle, 
have led to suggestions that androgens may be the main libidinal 
hormone in the female®. We report here our experiments to test 
this hypothesis. We devised a daily dose schedule of oestradiol, 
testosterone and progesterone for ovariectomised rhesus 
monkeys that duplicated the changing plasma levels during 
normal menstrual cycles. When males were paired with females 
so treated, sexual activity showed a pattern similar to that during 
the normal cycle, and the omission of testosterone was without 
any detectable effect on this pattern. 

Oestrogens given in physiological amounts to ovariectomised 
female rhesus monkeys increase the sexual behaviour of the 
pair, whereas injections of progestins antagonise the effects of 
oestrogen’. Testosterone given in pharmacological amounts to 
ovariectomised females both increases female sexual invita- 
tional behaviour’ and increases their lever-pressing for access to 
a male partner in an operant situation’. This has raised the 
question of whether the physiological increase in testosterone, 
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Fig. 1 Doses of oestrad benzoate (upper histograms) a 
progesterone (lower histog mis} given daily by st beutal US 
injection to eight ovariectomised rhesus morkeys to | 
changing plasma levels during normal cycles. Mean 
oestradiol (upper graph) and progesterone (lower graph)in plasma 
samples drawn 8 h after injections during 24 artificial menstrual 
cycles (@) are compared with mean plasma levels for five intact 
females during 33 normal menstrual cycles (©). Each point 
represents the mean of 7~32 values. Vertical bars given standard 
errors of the means. 






















rather than the increase in oestrogen levels, wear the middle part 
of the menstrual cycle may be primarily responsible for the 
menstrual rhythms in sexual behaviour. 

Eight female and eight male rhesus monkeys were used in this 
study. The females were ovariectomised 3 months before the 
start of the experiment. Doses of oestradiol benzoate, pro- 
gesterone and testosterone propionate in 0.2 ml sesame oil were 
administered subcutaneously at 08.00 h each morning according 
to the 28-d dose schedule shown in Figs 1 and 2 . Females so 
treated had a normal menstruation. every 28 d, and we have 
called these cycles ‘artificial menstrual cycles’. Blood samples 
were collected at 16.00 h three or five times per week, and were 
analysed for oestradiol, progesterone and testosterone simul- 
taneously using a radioimmunoassay involving chromatography 
on Sephadex LH20. Changes in the plasma levels of these 
steroids in 24 artificial menstrual cycles were closely similar to 
the levels in 33 normal cycles (Figs 1 and 2). Mean values were 
within the inter-individual variation for this species. When 
testosterone propionate was omitted from the daily dose 
schedule (eight cycles), plasma testosterone levels were steady 
throughout (adrenal secretion) and were simisar to the levels in © 
females receiving control injections of vehicie only (Fig. 25). 
Thus, the administration of physiological doses of oestradiol and 
progesterone was without any detectable effect on the secretion 
of testosterone by the adrenals. | 

To determine the effect of these dose schedule on sexual 
behaviour, each female was paired alternately with one of two 
male partners (groups 1 and 2). Behaviour tests of 1-b duration 
were observed from behind one-way vision mmrors, and scores 
were entered directly into a computer througk terminals in the 
observation booths. The number of ejaculatiors për test is used 
here as a measure of the males’ sexual activity. To measure the 
females’ motivation for propinquity with meles, four of the 
females (eight pairs) were tested in an operant situation that 
permitted them to press a lever 250 times to gair access to a male 
partner. The females were allowed 30 min to perform this task 
and a 1-h behaviour test followed, either immediately, if access 
was attained, or later the same day, if it was net”, 

When males were paired with females with art ficial menstrual 
cycles, sexual activity showed a very consistent pattern similar to 
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ssiraata collected from intact females (9 pairs, 33 
dusivowed a mean frequency of 1,3] + 0.04 ejaculations 
it (n = 447), and a mean access time of $15.6+23.65 
p< 443), 
y Figure 3 shows changes in ejaculations, access times, female 
= Sexual invitations (presentations, hand-reaches, head-ducks and 
head-bobs) and in male success ratios (percentage of male 
mounting attempts not refused by the female)-during these 
artificial cycles. Cyclic patterns of ejaculation occurred in all 24 
cycles when all three steroids were administered and in all eight 
cycles when testosterone was omitted; there were no significant 
differences (analysis of variance) between cycles with and 
without testosterone. Access times were shortest in the week of 
highest oestradiol dosage in both types of artificial cycle. There 
were no consistent changes either in female proceptivity as 
measured by sexual invitations or in receptivity as measured by 
male success ratios, and there was clearly no evidence for 
reduced numbers of invitations or decreased male success ratios 
in cycles without testosterone. 

These results are consistent with those of others'® in suggest- 
ing that the mid-cycle increase in plasma testosterone during 
normal menstrual cycles is of ovarian rather than of adrenal 
origin. Although functional adrenal glands (a major source of 
androgen in females) are necessary for the expression of many 
patterns of behaviour, including those of sexual behaviour"', it 
seems unlikely that the physiological mid-cycle surge in testo- 
sterone plays any significant part in the increase in female sexual 
motivation at this time. The changes in behaviour observed in 


Fig. 2 a, Daily doses of testosterone propionate given by sub- 
cutaneous injection (histograms) used in artificial menstrual cycles, 
and mean plasma levels of testosterone in 24 artificial cycles (@) 
compared with 33 normal cycles (©). b, Mean plasma levels of 
testosterone in eight artificial cycles (eight females) during which 
the schedule of oestradiol and progesterone was continued but in 
which testosterone propionate was omitted. The horizontal inter- 
rupted line represents the mean testosterone level (127.6+ 25.7 pg 
per mi, n=45) during control cycles when vehicle only was 
injected. Vertical bars give the s.e.m. 
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Fig. 3 Changes (means per test) in ejaculations, access times, 

female invitations and male success ratios during artificial men- 

strual cycles with oestradiol, progesterone and testosterone (@) 

and with oestradiol and progesterone alone (©) (2-d running 

means). Each point represents the mean of 8—48 tests. Black 
squares indicate menstruation. 


the earlier studies cited were produced by doses (0.5-1.0 mg 
testosterone propionate) that were 15-400 times those used 
here (2.5-30.0 pg). These pharmacological doses produce 
plasma levels in the female rhesus monkey that are well within 
the normal range for males (4.0-25.0 ng per ml) rather than 
within the physiological range for females (100-800 pg per ml) 
that were obtained here. On the other hand, these studies show 
that normal behaviour cycles result from artificial cycles of 
physiological doses of oestradiol and progesterone. These 
findings support the view that the mid-cycle increase in 
oestradiol is sufficient to account for the increase in sexual 
activity during the peri-ovulatory period of the normal men- 
strual cycle. 
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Elaborate CNS cooling 
structures in large dinosaurs 


DURING sustained activity, or when exposed to high ambient 
temperatures, terrestrial animals often experience periods of 
core hyperthermia. The central nervous system (CNS) is very 
sensitive to elevated temperatures’, and consequently, both 
bradymetabolic an 1 tachymetabolic* terrestrial vertebrates 
have evolved. physiological mechanisms which effect localised 
cooling of the brain, and thereby reduce any thermal impair- 
ment of CNS functioning. In modern reptiles this temperature 
gradient is produced by evaporative cooling from the buccal 
cavity and upper respiratory tract” °, conducting heat from the 
brain through the floor of the cranium’. Mammals dissipate 
heat, by evaporation, from the nasal mucosa to the air flowing 
through the nasal passages. The cooled venous blood draining 
from this highly vascularised mucosa flows into the cavernous 
sinus, where counter-current heat exchange with the carotid 
arteries, elaborated into a rete in many forms, results in brain 
cooling?’ (Fig. 1a). Dinosaurs would have experienced similar 
thermal problems to those of modern vertebrates, and these 
would have been particularly acute in the larger forms whose 
low surface area to volume ratio would have restricted dis- 
sipation of the enormous amounts of heat generated by the 
skeletal muscles during activity. It is therefore proposed that 
they required and possessed comparable physiological 
mechanisms to protect the brain during core hyperthermia. 

In the lambeosaurine hadrosaurs, air entering the nostrils 
passed through extensive passages in a crest formed by the 
premaxillae and nasal bones before descending the choanal tube 
to the throat (Fig. 2a). Early workers associated the function of 
these crests with a semi-aquatic mode of life. The theories 
proposed included air storage chambers or traps to prevent 
water entering the lungs'®, but evidence now indicates that 
hadrosaurs were predominantly terrestrial"? Ostrom'*”* 
showed the early theories to be untenable and concluded that 
the function of the crests was to increase the area of mucosal 





Fig.1 a, Schematic diagram of the blood vessels involved i in brain 

cooling in the sheep (after Hayward and Baker’). b, Proposed 

mechanism of brain cooling in Edmontosaurus. Cooled venous 

blood from the nasal capsule drains into the enlarged orbital 
sinuses where it conducts heat from the brain. 
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Fig. 2 a, Section through the narial crest of the. hadrosaur 
Lambeosaurus illustrating the expanded naga! passages and their 
position relative to the brain (black). EN, external naris, NC, nasal 
capsule; O, orbit (after Ostrom'*). b, Skull of the hadrdsaurinian 
Edmontosaurus showing probable position of the cartilagenous 
nasal capsule (after Ostrom'*). c, Enlargement of the orbit and 
postorbital pouches (P) of Edmontosaurus (after Ostrom on 


epithelium lining the nasal passages, suggesting that this enlar- 
gement was for enhanced olfaction. However, it seems likely 
that the function was primarily thermoregulatory. Although 
probably too small to have an appreciable effect on core 
temperature, the enlarged mucosal area would have increased 
the rate of evaporative heat loss from the head and hence 
prevented excessive elevation of brain temperature. This idea is 
supported by the proximity of the passages to the cranium, 
which would have been cooled by direct conduction into the 
crest and by the action of the cooled venous blood draining from 
the mucosa. As in modern mammals, the rate of cooling may 
have been related to the regulation of air flow through the nasal 
passages, with panting occurring during heat stress”. This pro- 
posal is not incompatible with the suggestion’ that these 
crests, and those of the saurolophine hadrosaurs, also 
functioned in visual display. 

The non-lambeosaurine hadrosaurs lacked hollow narial 
crests, but their external nares were conspicuously expanded 
and probably contained an enlarged cartilaginous nasal 
capsule ’* (Fig. 2b), the lining of the channels within which would 
have formed an extensive evaporative surface. Unlike the 
lambeosaurine crests, the location of this surface indicates little 
influence on brain temperature by direct heat conduction; 
however, the venous blood draining from it would have cooled 
the cranium. Evidence for this is the presence, in some genera, of 
large pouch-like cavities in the postorbital bones (Fig. 2c). 
Ostrom’* suggested these resulted from enlargement of the 
orbital sinuses, venous structures which in modern reptiles 
collect blood from the surrounding areas of the head and empty 
into the internal jugular veins. If this interpretation i is correct the 
cooled venous blood from the nasal capsule would have drained 
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into these enlarged sinuses, the proximity of which to the 
cranium would -have resulted’in brain cooling (Fig. 15). 
Furthermore, counter-cuyrent heat exchange may have occur- 
red between the jugular venous and carotid arterial blood, 
similar to that described in modern mammals® and reptiles'*. 

Many sauropods greatly exceeded 10 tonnes in weight and 
were the largest known dinosaurs. The external nares of these 
animals were situated high on the skull and were usually very 
large, indicating a spacious nasal capsule (Fig. 3). This location 
of the nares was thought to have been an aquatic adaptation, 
allowing these animals to breathe while almost totally sub- 
merged’; but the nares of most aquatic reptiles are small, unlike 
those of sauropods. From the structure of the vertebral column 
and limbs, Bakker!®™ proposed that sauropods were terrestrial 
although he was unable to clarify the functional significance of 
the dorsal position of the nares. However, both the size and 
location of the nasal capsule are consistent with its having an 
important role in brain thermoregulation, its enlargement 
increasing the mucosal area available for evaporation and its 
position reducing the distance between this cooling surface and 
the cranium. The long neck of these dinosaurs increased the 
thermal isolation of the head from the body and extended the 
distance available for heat exchange between the jugular veins 
and carotid arteries. This explanation of narial structure strongly 
supports the evidence that sauropods were terrestrial’ ™” and 
argues against the aquatic theory. 

As in sauropods, hadrosaurs and large ornithiscian dinosaurs 
such as Iguanodon, the nasal region of the skull of the ceratop- 
sians was greatly enlarged and again the nasal mucosa was 
probably the main site of heat dissipation. In modern 
ruminants” the surface of the boney horn cores is covered with a 
rich vascular plexus which vasodilates during heat stress, resul- 
ting in increased blood flow through the horns. This blood, 
cooled by convection and radiation from the surface of the 
horns, drains into the cavernous sinus where it comes into 
contact with the carotid rete and cools the arterial blood enter- 
ing the brain. Most ceratopsians d one or more horns 
with cores very like those of ruminants’. A network of channels 
on their surface indicates-that they too were highly vascularised 
and therefore could have functioned comparably in brain ther- 
moregulation. Vascularisation of the surface of the ceratopsian 


Fig. 3 Skulls of the sauropods Brachiosaurus (a) and Diplodocus ` 
(b), Ulustrating the size and dorsal location of the external nares 
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parietal-squamosal neck frills, especially the marginal areas not 
overlain by jaw musculature’, would also have permitted addi- 
tional heat loss from the head. ' f 

In the carnosaurs, whose external nares are not as enlarged as 
those of other large dinosaurs, a major site of heat loss was 
probably, as in modern reptiles, the lining of their enormous 
buccal cavity. In some forms there was considerable flexibility 
between the various jaw elements, structural modifications 
thought to have facilitated the engulfing of large portions of 
prey. This could indicate the presence of-a fairly extensive 
gular area which would have also further extended the evapora- 
tive surface area. Additional cooling may have been achieved by 
active pumping or fluttering of this gular region, a method used 
by large varanid lizards”* and birds such as the ostrich™. © 

Some large dinosaurs evolved structures which can be inter- 
preted as providing thermal protection for the extracranial CNS. 
The vertebrde of many forms contain deep excavations which 
probably contained an air sac system similar to that of birds”. 
Ventilation of this system would have removed heat from the 
region around the spinal cord. Not surprisingly, the excavations 
are particularly extensive in the vertebrae of sauropods”’, 
which, because of their size, would have been especially vulner- 
able to hyperthermia. Stegosaurus possessed additional radia- 
tive and convective structures consisting of a double row of 
boney plates, well permeated by blood vessels, running along 
the neck, back and tall”. Although ‘the size of these plates 
suggests they significantly influenced core temperaturé, the 
spinal cord would have been particularly well protected from 
elevated temperatures’ by the cooled blood draining from the 
plates directly above it. The largest plates are located in the 
sacral region where the spinal cord was apparently enlarged into 
a ganglion exceeding the brain in size. The vertebral neural 
spines of a few dinosaurs, such as Spinosaurus and Ourano- 
saurus, were extremely elongated and are thought to have 
supported a vascular sail-like structure which would similarly 
have permitted increased radiative and convection heat loss, so 
cooling the spinal region. | 
_ The described CNS cooling mechanisms do not constitute 
direct evidence that dinosaurs were either bradymetabolic ‘or 
tachymetabolic animals, as such physiological mechanisms are 
found in the extant groups of both. However, the apparent very 
highly developed nature of these structures in dinosaurs does 
tend to support the idea that they-may have been tachy- 
metabolic, with a high metabolic level and resulting endogenous 
heat production, rather than bradymetabolic like modern 
reptiles. Unfortunately, the nervous and vascular systems are 
not preserved in fossils and it is only possible to observe the 
structure of those portions which leave an impression on the 
skeleton. This makes it impossible to establish the detailed 
physiological functioning of the proposed cooling mechanisms, 
but it seems reasonable to assume that they would have been as 
sophisticated as those of modern vertebrates, incorporating 
heat-exchanging retes and vascular shunts'*™ allowing control 
of blood flow to and from the cooling surfaces. 
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Unusual response of DDT-resistant 
houseflies to carbinol analogues of DDT 


THE toxic action of DDT is thought to be caused by complex 
formation between the insecticide and nerve protein, a 
mechanism consistent with the well known phenomenon of 
negative correlation between insect mortality and temperature’. 
We present here evidence which indicates that some carbinols 
which are close analogues of DDT may have a different mode of 
action. These compounds elicit very different symptoms of 
poisoning, and none of the major mechanisms of resistance to 
DDT in the housefly confers significant resistance to these 
compounds. 

Several analogues of DDT (Table 1) were tested against 
strains of houseflies (Musca domestica L.) with known genetic- 
ally isolated mechanisms of resistance to DDT. These strains 
were: Beiruth (heterozygous for DDTase), 2778 (DDT md, 
monooxygenase, sesamex-suppressible resistance), 538 ge (kdr- 
resistance)’ and Super-kdr (kdr-like resistance). This last 
mechanism, not yet fully characterised, was recently isolated 
from the multi-resistant 153y3 strain of houseflies by the 
chromosome isolation technique’. Super-kdr resembles kdr in 
many respects; it is controlled by one or more incompletely 
recessive factor(s) on chromosome 3, confers resistance not only 
to DDT and its analogues but also to the pyrethroids, and is 
unaffected by pretreatment with FDMC  (bis(p-chlor- 
phenyl )trifluoromethyl carbinol, 1 ug per fly), piperonyl butox- 
ide (2 wg per fly) or the two additives applied together. Also, it 
crosses freely with bwb (brown body, a recessive mutant marker 
for chromosome 3), confers no detectable resistance to organo- 
phosphorus or carbamate insecticides and differs from kdr only 
in its greater or much greater resistance towards DDT-like 
compounds and the pyrethroids (Table 2). 

Three- to five-day-old female houseflies of the four strains 
were treated at room temperature with the compounds dis- 
solved in acetone, and were held either for 48 h at 20 °C or 3—4 d 
at 15, 20 and 28 °C, and were checked daily for numbers killed. 
Of the carbinols tested (Table 1) only dicofol and FDMC had 
relatively strong insecticidal activity. 

DDT and four of its analogues (Table 1) produced typical 
symptoms of DDT poisoning in the susceptible and three of the 
resistant flies. These symptoms are increased activity, tremors, 








Table 1 Structure of the DDT analogues tested 
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p-p'-DDT Cl H CCl, 
TDE Cl H CHC}, 
Perthane C-H; H CCh 
Methoxychlor CH,O H CCl, 
Ethoxychlor C;H;O H CCl 
Chlorphenethol Cl OH CH, 
Dicofol Cl OH CCl, 
FDMC C] OH CF, 
Chiorobenzylate C] OH COOCH; 
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incoordination and tetany. Toxic symptoms were delayed in the 
resistant flies, particularly in the Super-Xdr strain, in which they 
became visible at least several hours after treatment with DDT. 
The carbinols produced different symptoms which were the 
same for all the strains tested. The initial sign of poisoning, 
increased locomotor activity, was first apparent several hours 
after treatment even at the strongest dose and the highest 
holding temperature. The insects then exhibited transient 
collapse with a rapid return to normal activity. The periods of 
prostration, initially infrequent and very brief, increased in 
duration and frequency until the insects were no longer able to 
right themselves or walk. Tremors, incoordination of the limbs 
and increased wing-beat observed in DDT-poisoned flies were 
absent or rare in the carbinol-treated insects. Paralysis was 
neither induced nor reversed by altering the holding tempera- 
ture, but the insects were killed faster at the higher temperature. 
At death (end-point), the relative toxicities of the carbinols 
varied relatively little for the three holding temperatures (Table 
3), but those for DDT and its analogues were negatively cor- 
related with temperature (Table 3) in all strains except Super- 
kdr, which had a positive temperature coefficient for DDT 
(Table 3). This is almost certainly due to the very slow action of 
this compound against those flies at 20 and 15 °C, temperatures 
at which death is delayed well beyond 4 d. Perthane, which acts 
much faster against Super-kdr flies than DDT, gave a negative 
temperature coefficient. 

The other major difference with the carbinols was the slight or 
negligible resistance of the DDT-resistant strains to these 
compounds (Table 3). This lack of effect by major known 
mechanisms of resistance to DDT in the housefly was unexpec- 
ted, particularly so for kdr, which is believed to alter either 
access of insecticide to the site of action, or the site of action 
itself, presumably a nerve-membrane receptor for DDT-type 
insecticides’. (kdr confers resistance to DDT analogues that 


Table 2 Cross resistance of strain 538 ge and Super-kdr to several insecticides 48 h after treatment at 20°C 


LDso ug per fly * s.e, (resistance factor) 


Insecticide Susceptible 538 ge Super-kdr 
Malathion 0.37 1.10 (1.0) 0.40 1.08 (1.1) 0.36 1.09 (0.97) 
Parathion 0.016 1.08 (1.0) 0.016 1.06 (1.0) 0.018 1.09 (1.1) 
Bioresmethrin 0.010 1.10 (1.0) 0.045 1.08 (4.5) 0.31 1.10 (31) 
Cismethrin* 0.0040 1.14 (1.0) 0.072 1.10 (18) 1.5 Lli (375) 
Decamethrin* 0.00049 1.09 (1.0) 0.0069 1.10 (14) 0.30 1.16 (612) 
DDT 0.022 1.07 (1.0) 0.48 1.09 (22) 15.0 1.15 (682) 





* 5-Benzyl-3-furyimethyl(IR,cis )-chrysanthemate. 


t $-(a-cyano-3-phenoxybenzyl (IR, cis )-[3-(2,2,dibromoviny])]-2,2-dimethylcyclopropanecarboxylate. 
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Table 3 Response of several strains of houseflies to some DDT analogues at three bolding temperatures 


LD so ug per fly X s.e. 





Housefly strain Susceptible Betruth 2778 ` 538 ge | Super-kdr 
resistance mechanism (none) DDTase monooxygenase kdr kdr-like 
Compound Holding 
temperature 
DDT 15 0.0075 1.07 (1.0% Re 0.15 1.09 (1.0) 068 109 (1.0) 36.0 1.32 (1.0) 
20 0.020 -1.09 (27) "t 0.35 1.11 (2.3) 0841.09 (12) 15.8 1.15 (0.44) 
28 0041 1.10 (5.5) i 1.12 1.11. (7.4) 1.23 1.11 (1.8) 9.0 1.20 (0.25) 
15 0.048 1.08 (10) 021 1.13 (1.0) 021 111 (1.0) 0.89 1.08 (1.0) 2.45 1.09 (1.0) 
Perthane 20 0,11 108 (2.3) 0.34 1.12 (1.6) 0.80 1.14 (3.8) 1.64 1.09 (1.8) 5.91 1.13 (2.4) 
28 0.25 1.10 (562) — — — 1.69 1.09 (8.0) ` 2.05 1.08 (23) 838 1.11 (3.4) 
15 0.16 107 (1.0) ** 0.26 109 (10), 1.25 1.08 (1.0) see 
TDE 20 — — — aa 0.63 1.08 (2.4) 2.64 1.11 (2.1) aii 
28 0.44 1.08 (2.8) ae — ~— -= 4.12 1.13 8.3) R 
15 0.029 1.10 (1.0) r% 0.20 108 (1.0) 1.59 1.12 (1.0) aia 
Ethoxychlor 20 0.064 1.07 (2.2) = 1.85 1.10 (93) 13.2 1.31 (8.3) a 
28 0.095 1.10 (3.3) = _ — — TAS 
15 0.073 1.06 (1.0) ae 0.86 1.10 (1.0) 1.80 1.09 (1.0) ren 
Methoxychlor 20 0.076 1.10 (1.0) + 2.03 1.09 (24) 395114 (2.2) adhd 
28 0.12 111 (1.6) i — — — ` 43.8 1.35 (24.3) ore 
. d 15 1.85 1.08 (1.0) 2.09 106 (10) 249 1.08 (1.0) ` 1.17 1.07 (1.0) 292 1.08 (1.0) 
FDMC 20 2.27" 1.09 (1.2) 3.23 1.07 (15) 268 1.09 (1.1) 2.16 1.09 (1.8) 2.81 1.08 (0.96) 
28 1.65 1.17 (0.89) 2.51 1.09 (1.2) 3.85 1.16 (1.5) 2.26 1.09 (1.9) 2,37 1.11 (081) 
15 1 07 1.25 (1.0) 2.12 1.10 (10) — —— ` — * '4,93 1.08 (41.0) 3.79 1.09° (1.0) 
Dicofot 20 1.39 114 (1.3) 286 1.12 (1.3) 26 111 — 2.02 1.08 (1.0) 2.69 1.09 (0.71) 
28 1.41 115 (1.3) 211 114 G50). — — — 2.47 113 (1.28) 2.36 1.09 (0.62) 
* Numbers ın parentheses indicate temperature coefficient, LD so at given temperature/ LD so at 15°C. 
** Strain heterogencous for DDTase Hence, LD 598 for insects with strong DDTase not measurable. 
*** | D.o not obtained with doses exceeding 40 pg insecticide per fly. 
. a , 
cannot be dehydrochlorinated and is responsible for low nerve 
sensitivity to DDT directly applied to the thoracic ganglion‘). 
Dicofol and FDMC are therefore not only potent inhibitors of 
DDT dehydrochlorinase but also affect a site of action different Chloroquine enhances 


from that primarily affected by DDT. This site is unknown, but 
several enzymes are known to be affected by DDT’, particularly 
the oligomycin-sensitive Mg’* ATPase®. Chang and Cutkomp 
have demonstrated that inhibition of this enzyme in cockroach 
muscle by DDT, TDE, methoxychlor and DDE has a negative 
temperature coefficient, whereas the activity of dicofol and 
chlorphenethol increases with temperature. 

It ig interesting to speculate whether the major target of attack 
by carbinols in acarines is similar to that in houseflies, as acarines 
are very susceptible to most of the carbinols tested here but are 
unaffected by DDT and many of its analogues. Also, it remains 
to be seen whether the slow toxic action described here is 
confined only to the carbinol analogues of DDT, as the screening 
procedures used so far for bioassays on analogues of DDT were 
not designed to detect this type of action. 

I thank Dr I. J. Graham-Bryce for discussions, Ciba-Geigy 
and Murphy Chemical for some of the carbinols, and Drs J. 
Keiding and A. W. Farnham for two of the resistant strains of 
houseflies. 
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Epstein-Barr virus expression _ 


AFRICAN Burkitt’s lymphoma (BL) is a malignant tumour of 
children most common in areas having holoendemic malaria’. 
It occurs with a particularly high frequency in certain areas of 
Africa’,-with sporadic cases imother areas including Europe and 
North America®’. Malaria has been shown to have 
immunosuppressive effects®’, and chronic malaria, in particular, 
causes repeated stimulation of the immune response to 
infections with plasmodia. It has also been proposed that the 
immunosuppressive action of malarial drugs may make the 
immune system more susceptible to cancer and may contribute 
to BL development. Chloroquine is widely used as an anti- 
malarial agent and also in the therapy of connective tissue 
diseases'*"' It is thought to act by forming molecular complexes 
with plasmodial DNA, causing inhibition of plasmodial DNA 
synthesis'?"’*, It has been suggested that chloroquine may play a 
part in the development of BL’*. Another factor thought to be 
involved in the aetiology of the African form of BL is the 
Epstein—Barr virus. Virtually all BLs are EBV genome-carrying 
tumours and patients have high titres of antibody against 
_EBV'*'’ The most widely proposed hypothesis is that BL is due 
to EBV-induced malignant transformation of thymus- 
independent B lymphocytes’”"*. It has been shown in vitro that 
EBV can induce transformation of resting human and simian 
lymphocytes which become established as permanent lines’®*°, 
Almost all the cells in these lines contain EBNA (the EBV- 
induced nuclear antigen) and carry multiple copies of EBV 
DNA?!?, It bas also been shown that EBV can induce 
lymphomas in experimentally infected monkeys”. However, 
the failure of EBV infection to have serious adverse effects in the 
great majority of humans indicates that interaction with some 
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other factor, such as malaria or antimalarial drugs, must be 
involved in BL pathogenesis. We report here studies on the 
effect of chloroquine on the expression of EBV antigens. The 
data obtained indicate that chloroquine can activate the EBV 
cycle and the expression of EBY antigens. 

EBV-infected cells express one or more of the EBV-induced 
antigens, which are readily detectable by immunofluorescence 
with the use of human sera containing anti-EBV antibodies. 
These antigens include EBNA, early antigen (EA), virus capsid 
antigen (VCA) and membrane antigen (MA). The cell line used 
here was Raji, which is EBNA-positive, EA-negative and 
VCA-negative. The cells were grown in medium RPMI 1640 
supplemented with 10% heat-inactivated fetal bovine serum, 
penicillin (100 U ml’) and streptomycin (100 pg ml’). Raji 
cells were superinfected with P3HR-1 strain of EBV” for the 
induction of EA and VCA. Drug treatment was carried out as 
follows: 2 10° lymphoid cells were sedimented by low-speed 
centrifugation and the cells were washed three times with phos- 
phate-buffered saline (PBS). The pellet was dispersed and 
incubated at 37°C in 5 ml of medium containing chloroquine 
(diphosphate salt, Sigma) at concentrations of 0, 0.1, 1.0, 
5.0 pgml (0, 1.9107’, 1.910%, 9.5 10M). Six tubes 
were prepared for each treatment and the viability of the cells (as 
determined by the trypan blue exclusion test) was estimated 
after 20-24 h. Only cell preparations which contained less than 
_ 5% nonviable cells were used for EBV infections. 200,000 cells 
from each of these preparations were pelleted by low-speed 
centrifugation. The supernatant was discarded and 0.1 ml virus 
suspension was added per pellet, except to the control. The 
virus-ccell mixture was shaken gently, 1 ml of medium contain- 
ing the appropriate amount of chloroquine was added and the 
cultures incubated for 48 h at 37 °C. Cells were then collected, 
washed three times in PBS and resuspended in it. Four smears 
were prepared from each culture, dried in air at room tempera- 
ture, and fixed in a 1:1 mixture of acetone—methanol at —20 °C 
for 3 min. The smears were kept at —20 °C until used for staining 
by the standard immunofluorescence methods described in 
Table 1. 

The data on the effect of chloroquine on superinfection of 
Raji cells with P3HR-1 EBV are shown in Table 1. Chloroquine 
treatment caused a significant increase in EA-positive cells at a 
concentration as low as 0.1 ugml* (1.91077 M). In this 
regard, it is interesting that plasma concentrations of chloro- 
quine in man during malaria chemotherapy range from 3x 107” 
to 107° M (0.16 to 0.53 ug mI™)**. Above 0.1 ug ml? chloro- 
quine, there .was no further increase in the number of EA- 
positive cells. There was no difference in VCA-positive cells in 
the presence of chloroquine. 

In preliminary experiments we found that chloroquine had no 
effect on EA and VCA in EBV genome-cartying cells not 





Table 1 Effect of chloroquine on % EA-positive cells 
Raji+ EBV + chloroquine (ug mi~ +) 


Raji Rajit+tEBV 0.1 1.0 50 


EA 0 6.5+0.95 19.041.61 16.841.83 18.3+1.97 
(P<0.001) (P<0001) (P<0.001) 


The tests for EA and VCA were carried out by indirect 
tImmunofhuorescence The smears were mcubated at room temperature 
for 45 min with anti-EA serum LM (with EBNA-poative, EA-positive 
and VCA-poaltive antibody composition) diluted 1:20, and with anti- 
VCA reference serum JM diluted 1.10. These smears were washed 
three tumes with PBS and incubated for 45 min with anti-IgG conjugate 
(Highland) diluted 1:30. The smears were then washed again three 
times with PBS, counterstained with Evans blue for 10 min, washed 
three times with PBS and mounted on a slide in a 1:1 mixture of 
glycerol-PBS. Rafi cells were used as control for EA and B95-8 cells’? 
as control for VCA. EA- and VCA-positive cells were estimated as a % 
of approximately 300 cells. Each concentration was tested in six cultures 
and the results show the meanis.e.m. i 
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superinfected by EBV, thus indicating tha: unlike iododeoxy- 
uridine’, chloroquine does not induce artigen expression in 
non-exogenously infected cells. 

The results presented here clearly indicete that chloroquine 
increases EA expression in superinfected cells. This suggests 
that chloroquine may be acting either directly on the exogenous 
EBV genome or indirectly by activating cellular mechanisms 
essential for the expression of the exogenous EBV genome. 

It is well known that BL patients have high antibody titres 
against EBV antigens'™’’. In the present study, chloroquine 
gave rise to an increased expression of EA, an EBV antigen, 
which in vivo would be expected to prcvoke an increased 
antibody reaction. It would therefore be useful to compare 
levels of antibody titres in BL patients who received chloroquine 
therapy with control BL patients who were never treated with 
this drug. . 

Although the exact mechanism by which chloroquine treat- 
ment affects viral expression is unknown, one possibility is that 
chloroquine alters the relationship between DNA and cellular 
controls and this hypothesis is now being ir vestigated. Chloro- 
quine can also form molecular complexes w-th DNA and inhibit 
DNA-dependent nucleic acid polymerase reactions’*"™, 

In conclusion, the present study suggests that chloroquine 
may play an important part in the devebpment of African 
Burkitt’s lymphoma by enhancing the exp-ession of EBV, an 
oncogenic human herpesvirus. This does not exclude a further 
contribution resulting from the immunosuppressive action of 
chloroquine. 

J. Menezes is a scholar of the MRC of Canada. These studies 
were supported by the NCI of Canada. 
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Asbestos-mediated membrane 
uptake of benzo[a]pyrene 
observed by fluorescence spectroscopy 


EPIDEMIOLOGICAL evidence indicates that particulate 
matter, such as asbestos, can increase the health risk from 
exposure to chemical carcinogens. For example, asbestos 
insulation workers show an eightfold increased disposition 
towards lung cancer; non-smokers had only a slightly increased 
risk of lung cancer, whereas the smokers had a 92-fold increased 
risk'*. These data indicate that 90% of the asbestos related 
cancers are the result of the co-carcinogenic effects of cigarette 
smoking and the inhalation of asbestos fibres. We have now 
examined one possible mechanism of co-carcinogenesis—the 
ability of particulate matter to increase the rate of cellular 
uptake of benzo[a]pyrene (BP). We used fluorescence spec- 
troscopy to investigate the ability of two particulates, silica and 
asbestos, to adsorb BP, and to deliver the carcinogen to model 
membranes. The surface area of the asbestos sample was 60-fold 
less than that of our silica sample. Surprisingly the asbestos 
sample showed a greater ability to adsorb BP in a monomeric 
state than silica. Most importantly BP which is adsorbed to 
asbestos is more rapidly transported into membranes than BP 
which is adsorbed to silica. Thus increased cellular exposure to 
carcinogens, resulting from the presence of particulates which 
can adsorb and deliver these carcinogens to cells, may be 
involved in the process of co-carcinogenesis. 

Figure 1 shows fluorescence emission spectra of BP in dilute 
benzene solution, and of a suspension of BP crystals in aqueous 
buffer. A structured emission is observed from BP dissolved in 
benzene, whereas the suspension of BP crystals yields a broad 
structureless emission at longer wavelengths. This fatter emis- 
sion results from formation of an excited state charge-transfer 
complex between two or more adjacent BP molecules? and is 
called the excimer emission. The fluorescence emission spectra 
may therefore be used to reveal the proximity of BP molecules 
to one another. Also shown in Fig. 1 is the fluorescence emission 
spectrum of BP which is partitioned into lipid bilayers after 
uptake from asbestos fibres. Only the structured emission is 
observed which is indicative of widely dispersed BP molecules. 


Fig. 1 Fluorescence emission spectra of benzo[a]pyrene. Emis- 

sion spectra are shown for BP in benzene { ), and as a suspen- 

sion of crystals in aqueous buffer (--~-). After addition of DPPC 

vesicles to asbestos containing adsorbed BP (---) the emission 
spectra closely resembies that of BP in benzene. 
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Fig. 2 Fluorescence emission spectra of benzofa]pyrene. 

Normalised emission spectra for BP microcrystals (- - -), and for BP 

adsorbed to 8.6 mg silica (~~ —) and 9.5 mg asbestos (~~~). In each 

case the sample was suspended in 10 ml of buffer, and contained 
5 wg BP. 


Figure 2 shows the fluorescence emission spectra of BP when 
present as microcrystals which are suspended in aqueous buffer, 
and when the BP is adsorbed to silica or the amosite, which is the 
form of asbestos used in our studies (see Table | legend for 
experimental details). The emission spectra of the microcrystals 
and of the silica-adsorbed BP are similar, indicating the 
presence of BP microcrystals on the silica surface, or the 
presence of BP crystals which did not adsorb to silica during the 
solvent evaporation process. The emission spectra of the asbes- 
tos-adsorbed BP is dominated by the structured emission, 
indicating the presence of monomeric adsorbed BP. The 
superior ability of amosite to disperse BP is especially surprising 
when the surface areas of these two particulates are compared. 
As determined by nitrogen adsorption these surface areas are 
5.7 and 381 m” g’' for asbestos and silica, respectively*”. 

The fluorescence emission spectra of BP are sensitive to both 
the weight percentage of carcinogen which is on the particulate 
and to the age of the samples. Over a period of weeks after 
preparation the emission spectra of BP on the silica samples 
becomes more structured and shows less excimer emission. We 
do not know what factors control this process, but temperature 
of sample storage and the presence of residual solvent do not 
seem to affect the rate of sample ageing. Less significant changes 
occur with asbestos-adsorbed BP. Irrespective of these consi- 
derations we consistently observed more BP excimer emission 
from the silica than from the asbestos samples. These obser- 
vations include BP-to-particle weight ratios ranging from 3 to 
0.1 mg BP per gram of particulate. For both particulates the 
excimer emission is less pronounced at the lower weight ratios 
(Table 1). 

Emission spectra of aqueous suspensions of particles which 
contain BP retain a constant intensity and shape over a period of 
hours. On addition of phospholipid vesicles, an increase in 
fluorescence intensity occurs at 405 nm. Simultaneously the 
excimer emission disappears. After complete transfer of BP to 
the lipid bilayers the emission spectra of all samples listed in 
Table 1 become identical to that of BP in lipid bilayers (Fig. 1). 
Thus, significant decomposition of BP on the surface of the 
particles did not occur. 

BP is only slightly soluble in water, so it seems likely that BP 
crystals will have a cellular availability which is limited by its rate 
of solubilisation in the aqueous phase. A particulate which 
adsorbs and disperses BP in a monomeric state could therefore 
facilitate BP solubilisation and hence increase cellular availabil- 
ity. The transfer of BP from the particulate’s surface to the lipid 
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bilayer is conveniently quantitated by the increase in fluores- 
cence intensity at 405 nm. The percentage of BP transferred is 
calculated from 


I, — Io 


where Io is the fluorescence intensities at 405 nm before addi- 
tion of membranes, fæ is the intensity after complete transfer, 
and I(t) the intensity at time t. 

Figure 3 compares the membrane uptake rate of BP from the 
three states. As a model membrane we used single bilayer 
vesicles of dipalmitoyl-L-a-phosphatidylcholine’*. Asbestos- 
adsorbed BP shows the most rapid rate of membrane uptake, 
and the microcrystals of BP the slowest rate. Table 1 lists the 
time required for 50% transfer of BP for particulate samples 
with a range of BP-to-particulate weight ratios. Asbestos is 
more effective than silica at all weight ratios, with the most 
dramatic effect being observed at the lower ratios. Asbestos or 
silica, when added to preformed microcrystals of BP in buffer, 
did not increase the rate of BP membrane uptake or alter the 
shape of the fluorescence emission spectra of the suspended 
microcrystals. Therefore, only BP which is adsorbed to the 
particles displays an increased rate of membrane uptake. These 
rates increased as surface density of BP on the particulates 
decreased. 

Our results clearly demonstrate that a particulate with a 
known co-carcinogenic effect is also effective in the dispersal 
and transport of benzo[a]pyrene. This observation may partially 
explain the co-carcinogenic effects of particulates and poly- 
nuclear aromatic hydrocarbons”'’. Presumably a carcinogen 
must enter a cell before transformation, and such entry must 
involve transport of the polynuclear aromatic hydrocarbon 
across the plasma membrane. The lungs have mechanisms 
whereby particulates are cleared, these being phagocytosis by 
the lung macrophages and upward cilliary action followed by 
ingestion’*. Particulate matter which increases the rate of 
carcinogen transport could therefore increase the effective dose 
of carcinogen before clearance by these protective mechanisms. 
This speculation is supported by observations which indicate 
that soot particles which have been isolated from human lungs 
no longer contain BP’. 

Particle-enhanced transport of carcinogens is unlikely to be 
the only mechanism of co-carcinogenesis. Studies with experi- 
mental animals have shown that the inhaled particulate haema- 
tite is co-carcinogenic with the injected systemic carcinogen 
diethylnitrosamine’*. The tumours are localised in the lungs, 
which are the sites of particle deposition. However, particulate 


% BP transferred to membrane = 


Fig.3 Rate of benzo[a]pyrene uptake in to lipid bilayers. The % 

of benzo[a]pyrene transferred to DPPC vesicles is shown for 

microcrystals of BP (©), silica adsorbed BP (A), and amasite 
adsorbed BP (C). 


"4 Benzo [a] pyrene transferred to membrane 
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matter is unlikely to facilitate carcinogen uptake in these condis 
tions where exposure to particulates and carcinogens is by 
different routes of administration. 

Epidemiological studies have correlated human exposure to 
asbestos with the incidence of mesothelioma, but this cancer 


Table. 1 Benzofa]pyrene uptake by phospholipid vesicles fram particulate 
adsorbed and microcrystalline states 
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Time for 50% uptake {Monomer emission)? 
me BP per (min) {Totaj emission} 
g particulate Silica Asbestos Silica Asbestos 
0.1 45 3 0.32 0.34 
0.3 24 6.5 0.24 0.34 
1.0 30 i2 0.19 0.28 
3.0 34 {7 0.23 0.22 


Time for 15% (Monomer emission) 





BP Microcrystals uptake {min} (Total emission) 
No particles 23 O17 

+ Amosite* 24 0.21 

+ Silica* 24 0.19 


Benzoja pyrene (BP) 99+% purity was from Aldrich lot 101847 used without 
further purification. BP concentrations were obtained using a molar extinction 
coefficient of 57,500 M7! cm! at 299.4 am. Silica was obtained from preparative 
thin-layer chromatographic plates, 20* 20cm, 1,000 am thick (Analabs), The 
surface area of this sample, as determined by nitrogen adsorption, was 381 m g~t. 
The particle size distribution is heterogeneous, with most particles being between 
1.5 and 15 um in diameter, and an average size of about 3 um (ref 6). Amosite 
served as reference asbestos sample (International Union Against Cancer, Johan- 
nesburg). The surface area determined by nitrogen adsorption is 5.5 m* eo The 
particle size distribution is heterogeneous, ranging from 1.5 to 10 um, with the 
average size 2 um. For more detailed information on size and chemical composi- 
tion see ref. 5. Particulate samples containing BP were prepared by mixing the 
particulate with a benzene solution of BP, followed by evaporation of the benzene 
under reduced pressure. 0.1 to 3.0 mg of BP was added for each g particulate. The 
volume of benzene added was always adequate to wet the entire particulate 
sample, typically 5 or 6 ml of benzene per g of particulate. The sample was rotated 
continuously during the benzene evaporation. After the sample appeared dry it 
was kept under vacuum for 30-45 min at 85°C. At the higher weight ratios BP 
crystals could be seen on the walls of the glass vessel. Any material which clung to 
the walls was discarded. After removal from the vessel the particulates were stored 
in the dark under an argon atmosphere. The amount of BP present on the particles 
was determined by solvent extraction using a Sohlex extractor. Typically the 
extraction was continued for 4.5 h (about 50 individual extractions). AH extrac- 
tions were done in duplicate. The fluorescence emission spectra of the extracted 
material were identical to that of the starting material. Thus there seemed to be no 
degradation of BP on this particulate which interfered with our measuremenis, 
The amounts of BP adsorbed to silica and asbestos. were found to be 84 15% of 
the amount added. Aqueous dispersions of BP crystals were prepared by evapora- 
tion of a benzene solution of BP to dryness, addition of buffer, followed by 
sonication for 30 min at 40 W using a Cole-Parmer Model 8845-2 water bath-type 
sonicator. We will refer to this preparation as being microcrystalline. In all studies 
the buffer was 0.01 M Tris-HCI, 0.05 M KCl, pH = 7.5. Phospholipid vesicles of 
dipalmitoyl-_-a-phosphatidylcholine were prepared by ultrasonic irradiation of 
the lipid suspended at 10 mg ml~*, Sonication was performed using a Heat 
Systems Model 350 for 10 min at ~50 °C. Power input was ~200 W, Vesicles were 
then centrifuged at 54,000 g for 60 min. All fluorescence spectral data were 
obtained on an SLM Instruments, computerised photon counting spec- 
trofluorometer (excitation wavelength, 296 nm; excitation and emission band- 
passes 8 and 4 nm, respectively; excitation filter, Corning 7-54; emission filters, 
0-52 and 2 mm of 1 M NaNO). BP uptake was measured by the intensity increase 
at 405 nm. The emission filters do not transmit light below 395 am. Without these 
filters we do observe a background signal from the asbestos and silica. Some 
background signal was seen above 395 nm, typically <19% of the total intensity. 
These backgrounds were quantitated using particles without BP, and subtracted 
from the spectra shown. Spectral data were obtained using a 2 x 2 cm cuvette, 4 om 
high, which was thermostated and positioned on a magnetic stirrer so that the 
stirring bar stayed below the light path. Stirring was required to keep the particles 
or crystals in suspension. The exciting beam impinged upon the sample at an angle 
of 20°, and the emission observed from this illuminated surface was at HF to the 
exciting light. For all the BP uptake kinetics reported here we used 5 ng of BP and 
10 mg of DPPC. An amount of particulate containing 5 pg BP, or 5 pg BP crystals, 
was suspended in 10 mi of buffer. After measurement of the initial intensity 10 mg 
of DPPC were added in 1 ml of buffer to initiate the reaction. All measurements 
were performed at 25 °C. Complete BP transfer to the bilayers was obtained by 
heating of the sample to 55°C for 30 min. The final fluorescence intensity was 
measured after equilibration at the experimental temperature of 25 °C. 

* Particles were added after formation of the microcrystals. 

+ This value was estimated from the ratio of area under the fluorescence 
emission spectrum from 380 to 440 nm to the total area from 380 to 605 am. After 
complete uptake of BP by vesicles this ratio is 6.47, 
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does not seem to be correlated with cigarette smoking’. Parti- 
culates such as fibrous glass’®, asbestos'®'' and many other types 
of foreign bodies'’ seem to be carcinogenic without deliberate 
exposure to chemical carcinogens. In fact, most types of cellular 
trauma and scarification will predispose the damaged areas to 
neoplastic transformation'*’*. Therefore it is clear that 
mechanisms other than particle enhanced transport are opera- 
tive in carcinogenesis. The fluorescence methodology described 
here is useful with other polynuclear aromatic hydrocarbons° 

and with nitrogen heterocyclic compounds*’. The ability to 
quantitate the delivery of carcinogens to cells should aid in 
elucidating the multiple etiology of carcinogenesis. 
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Electromechanical properties 
of articular cartilage 
during compression and stress relaxation 


THE main physiological function of articular cartilage is to act as 
a bearing material. It consists of an organic matrix made of 
collagen, proteoglycans, non-collagenous proteins, lipids and 
cells that are swollen with water’. Its net fixed charge is 
negative and directly proportional in magnitude to its hexos- 
amine content at each depth’. When cartilage is compressed, 
interstitial fluid is exuded. This flow of fluid with respect to the 
solid matrix plays an important part in controlling various 
rheological properties of the tissue, such as its creep defor- 
mation under load}. Also, we have observed that measurable 
electrical potential differences are induced between the surface 
and deepest regions of cartilage when it is compressed. We 
report here our studies of this phenomenon to quantitatively 
relate the magnitude, sign and time dependence of the electrical 
potentials to the known features of cartilage mechanics and fluid 
flow'', that is, in terms of tissue structure, function and 
composition. Our results suggest that an electrokinetic 
mechanism is primarily responsible for the mechanical-to-elec- 
trical transduction response. 

Mechanically induced potentials in cartilage have been 
observed previously ~ 13 when a load was applied to one region 
of a hydrated specimen while electrodes were generally located 
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Fig. 1 Experimental configuration for measurement of electrical 
potential Vo and mechanical stress g due to an imposed strain € 
and strain rate £. 


in an adjacent region. However, in these experiments the 
mechanical stress, strain and the fluid velocity field were so 
complex that it was difficult to relate quantitatively any induced 
electrical field to the mechanical fields. In our studies, therefore, 
a geometrical configuration was chosen so as to induce and 
measure electric fields that are colinear with the axial strain feld. 
This enabled us to compare nonequilibrium electromechanical 
and mechanical rate (for example, transport) processes. 

Circular disks of articular cartilage were compressed in a 
confining chamber with a chlorided silver rod against a porous 
Ag/AgCl platen (Fig. 1). The articular surface was positioned 
against the platen. During and after compression, the stress o 
and the potential difference Vo were measured. (The latter was 
monitored continuously with a Keithley 602 electrometer and a 
Tektronix 555 oscilloscope.) When final, time-invariant values 
of ø and Vo were attained, the tissue was further compressed to 
a new Strain, at the same strain rate £ = 15% per sec, and the 
procedure was repeated. Strains in the range of 5-20% were 
attained with each compression, corresponding to compressions 
of ~0.06-0.2 mm. These strains resulted in peak stress levels for 
normal plugs that ranged over 250-650 p.s.i. (17-44 x 
10° dyn cm~’). The apparatus was a modification of that used 
previously’? to study stress relaxation behaviour of articular 
cartilage. 

To ensure that the measurements reflected the properties of 


the full thickness of the tissue, 40 plugs of cartilage and bone 


were cut from the parapatellar region of 14 medial femoral 
condyles of adult steers using a previously described pro- 
cedure’*. The underlying bone was then removed around the 
tide mark; the resulting cartilage plugs were 2.6 mm in diameter 
and ~1.0-1.5 mm thick when fully hydrated. (However, plugs 
with a =1mm region of bone gave similar results.) The plugs 


Fig. 2 Potential (@) and stress (©) history for three successive 
compressions (a~c) of the same normal plug. £, Cumulative strain: 
12.7% (a), 26.4% (b)and 39.4% (c). é, Strain rate = 15% 5s ‘(a-c). 
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were prepared from tissue that was previously frozen. To assess 
the effect of such storage, five fresh plugs were prepared from 
one condyle and tested within 3 h of killing the animal, during 
which time the tissue was kept at 5 °C. Experiments were also 
carried out with nine plugs that had been partially digested with 
testicular hyaluronidase. The conditions used decreased the 
hexosamine content of the tissue by ~75% (ref. 16), and hence 
reduced its net negative charge. The plugs were equilibrated in 
0.15 M NaCl at 4°C for at least 1 h before use; longer equili- 
bration times gave the same results. Also, one series of both the 
normal and enzymatically digested samples were equilibrated in 
0.15 M NaCl at pH 2.8, and another series of normal plugs was 
equilibrated with 5 M NaCl at neutral pH. - 

The pertinent features of the electromechanical response are 
typified by the data of Figs 2 and 3. Figure 2 shows the time 
history of Vo and æ for three successive compressions of a disk of 
cartilage equilibrated in 0.15 M NaCl at neutral pH. During the 
compression phase, t< T, Vo(t) was positive and increased 
linearly with o (t) until time t= T when compression was stop- 
ped. The ratio (Vo/a) at t= T always decreased monotonically 
with successive compressions at the same strain rate, £ (Fig. 2). 
During the relaxation phase, t>T, both V(t) and o(r) 
decreased; the decay with time of Vs and o was almost identical 
after the first compression. With each successive compression, 
these decay times were longer, but o (t) decayed at a successively 
slower rate than V,(t). Although the asymptotic stress was 
usually finite and progressively larger at the end of each suc- 
cessive compression relaxation cycle,- Vo typically relaxed to 
zero. These data were obtained with plugs that had been stored 
in the frozen state, but the results obtained with fresh samples 
were qualitatively identical. 

. The compression of enzymatically treated plugs equilibrated 
at 0.15 M NaCl, neutral pH, resulted in potentials positive in 
sign but reduced in magnitude by 45-75% (Fig. 3a). A similar 
result was obtained with normal plugs that had been equill- 
brated in 0.15 M NaCl, pH 2.8. However, all plugs that were 
enzymatically treated and equilibrated at pH 2.8 gave negative 
V(t) values (Fig. 3b). Finally, the compression of normal plugs 
equilibrated in 5 M NaC! resulted in potentials that were dras- 
tically reduced in magnitude. 

A comparison of the electrical and mechanical rate processes 
that were highlighted in this study suggests the importance of 
interstitial fluid flow in the observed electromechanical coupling 
phenomena. The movement of fluid and concomitant matrix 
reorientation is thought to control the stress relaxation of arti- 
cular cartilage *™"*. Here, the sign and time dependence of Va on 
pH and neutral salt concentration suggest that the potentials are 
directly related to the flow.of fluid and entrained counter-ions 
with respect to the net negatively charged solid matrix, that is, 
that an electrokinetic mechanism is dominant. 

In the absence of other mechanisms, an electrokinetic model 
would predict the relaxation of the potential to zero on cessation 
of fluid flow, as was seen. Further, the observed decrease in 
(V,/o) at t= T with increasing s is consistent with the known?” 
increase in fluid flow resistance at higher e. The instances of 
negative V, (Fig. 3b) would indicate that the combination of 
proteoglycan extraction and carboxyl group neutralisation 
changed the sign of the net matrix charge from negative to 
positive Furthermore, the decrease in Vo at high NaCl concen- 
tration is consistent with a screening of the effective fixed charge 
by mobile neutral salt ions, that is, a decrease of the elec- 
trokinetic ¢ potential. Similar effects of pH and ionic strength 
have been seen with collagen membranes’*’*. The effect of pH 
on the dissociation of proteoglycan and collagen charged groups 
has also been reported”***'. These results'**’, together with the 
fact that streaming potentials have been induced in vitro using an 
applied pressure gradient but without varying the strain™, also 
support our conclusion. 

Although electrochemical processes may contribute to the 
measured V, (for example, changes in interfacial Donnan equil- 
ibrium potentials, or nonequilibrium diffusion potentials due to 
train-induced concentration gradients), their contribution was 
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Fig. 3 Potential (@) and stress (O) history wich a, enzymatically 

treated plug pre-equilibrated in 0.1 M NaCl nt neutral pH (s = 

18%). b, Enzymatically treated plug pre-eqcilibrated in 0.1 M 
NaCl, pH 2.8 (e 334%). f= 15% 87". 


probably minimal. This emphasises the impo-tance of consider- 
ing the kinetics of V,(t) and o(f). For example, an estimate of 
the decay of a nonequilibrium concentration gradient and its 
concomitant diffusion potential, characterised by the diffusion 
time ran ~ 87/2D, is almost two orders of magnitude slower than 
that observed for the decay of Vo (based on a typical specimen 
thickness 8 and internal diffusion coefficients D (ref. 23)). On 
the other hand, the Donnan interfacial potentials span a distance 
of a few Debye lengths. They can re-equilibrate in a time 
which is of the order of the Debye space charge relaxation time” 
(the interstitial fluid dielectric constant divided by its conduc- 
tivity). This is a negligibly short time on the scale of V(t), for 
relevant ranges of parameter values. On tke other hand, the 
hypothesis that relative fluid flow is intimatel~ linked not only to 
stress relaxation but to the induced potential Vp is consistent 
with the observed similarity of the relaxatior of e(t) and V(t). 
This, in addition to our other results, lends further support to the 
notion that an electrokinetic effect is the don-inant rate-limiting 
process. 

The occurrence of mechanically induced elsctric fields in vivo, 
under equivalent physiological loads, may play an important 
part in regulating the transport of ions and irterstitial fluid. We 
are now trying to assess quantitatively the infuence of chemical 
modifications of the charge groups within the tissue in order to 
experimentally and theoretically characterise electromechanical 
influences on transport. Preliminary results snow that compres- 
sion of samples whose carboxyl groups were blocked (using 
established reactions’) produces a V, that is consistently nega- 
tive. Finally, we note that the successively Ciffering relaxation 
rates found for stress as compared with potential (Fig. 2) may 
provide the first evidence and an important m»thod for assessing 
the relative contributions of the fluid atid solid phases to stress 
relaxation. 

This work was begun while A.J.G. was visizing lecturer in the 
Department of Orthopaedic Surgery, Children’s Hospital 
Medical Center and Harvard Medical School. The work was 
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Naloxone reversal of endotoxin 
hypotension suggests 
role of endorphins in shock 


IT is known that the cardiovascular system is extremely sensitive 
to the effects of both exogenous'* and endogenous’ opiates. In 
rats, less than 1% of the morphine dose necessary to produce 
antinociception results in significant hypotension and brady- 
cardia’. The endogenous opiate B -endorphin is stored along 
with pituitary adrenocorticotrophin (ACTH), and the action 
of stressors seems to result in the release of both peptides*® 
Therefore, it seemed likely that B-endorphin is released during 
shock states and that it might contribute to the hypotension. To 
test this hypothesis we used an endotoxin shock model”®. If 
endotoxin-induced hypotension were mediated through 
endorphin release, then blockade of endorphins should reverse 
such hypotension, Using the specific opiate antagonist, nalox- 
one, we not only rapidly reversed endotoxin-induced hypoten- 
sion, but also prophylactically blocked its occurrence. These 
findings suggest that endorphins may have a role in the patho- 
physiology of shock and that narcotic antagonists should be 
evaluated for their potential therapeutic value in the treatment 
of shock. 

All studies were carried out using conscious rats with 
chronically indwelling arterial and venous catheters. Two days 
before experiments, male Wistar rats (Walter Reed strain) 
weighing 275-300 g were anaesthetised with pentobarbital 50 
mg per kg. The tail artery was cannulated by the method of 
Chiueh and Kopin’ for subsequent measurement of blood pres- 
sure and heart rate. The external jugular vein was cannulated to 
allow for intravenous drug injections. Both cannulae were sub- 
cutaneously implanted so that they emerged at the back of the 
neck. The animals had access to food and water ad libitum and 
were maintained at 24 °C on a 12 h light-dark cycle. 

Rats were studied in their home cages with arterial lines 
connected to a microtransducer (Narco Bio-Systems, model 
RP1500). Injections of naloxone hydrochloride (Endo Labora- 
tories) or saline were made after administration of Escherichia 
coli lipopolysaccharide endotoxin (Difco, control no. 598159); 
all injections were given intravenously followed by a 0.3 ml 
saline intravenous flush to ensure that all of the drug was 
infused. Blood pressure and heart rate were continuously 
recorded on a Beckmann dynograph (type R). 

Figures 1 and 2 represent the effects of treatment after 
injection of 4 mg endotoxin per rat. Usually within the first 
5-15 min after endotoxin a precipitous fall in blood pressure 
occurred. When the mean arterial pressure (MAP) dropped to 
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Fig. 1 Effects of intravenous saline (top) and naloxone (bottom) 

on the precipitous fall in blood pressure produced by 4 mg endo- 

toxin in representative rats. Either saline (0.3 ml) or naloxone was 

injected when MAP fell to 65-70 mm Hg (torr). The prominent 

effect of the cannula flush (0.3 ml, bottom) is related to the clearing 
of residual naloxone from the line. 


our pre-established criterion of 65-70mm Hg (torr), 
equivalent volume of either saline or naloxone 10 mg per kg was 
given by intravenous bolus. 

Figure 1 shows the effects of saline and naloxone on endo- 
toxin-induced hypotension in representative rats. In marked 
contrast to saline, which had only a minor transitory effect (Fig. 
1, top), within 5 s after naloxone injection both MAP and pulse 
pressure were restored to pretreatment values (Fig. 1, bottom). 
The striking differences between naloxone-treated and saline 
control rats are further demonstrated by grouped data shown for 
the 5-min interval after endotoxin-induced hypotension (Fig. 2); 
again, a rapid return of MAP and pulse pressure towards control 
levels can be seen following naloxone injection. Naloxone in the 
absence of endotoxin (Fig. 2, solid line) was without effect on 
either MAP or pulse pressure. 

A comparison of the effects of naloxone pretreatment with 
saline controls over a 2-h period after endotoxin administration 
is seen in Fig. 3. Due to the short biological half life of nalox- 
one’’, the initial 10 mg per kg dose of this drug was repeated 
every 30 min; saline controls were also treated at these same 
intervals. Although the same general pattern of changes was 
observed in both groups (Fig. 3), the saline control animals 
exhibited two hypotensive episodes (10 and 45 min after endo- 
toxin administration) during which blood pressure values were 
significantly lower than before endotoxin (repeated measure- 
ment analysis of variance using Hotelling’s T? statistic'’, F = 
12.29, P = 0.003). By contrast, naloxone-pretreated animals did 
not show significant declines in blood pressure after endotoxin 
administration (F = 0.83, P = NS). 

The reversibility of endotoxin-induced hypotension over a 
2-h period is represented in Fig. 4. After injection of 8 mg 
endotoxin, animals were randomly divided into two equal 


Fig. 2 Results of various drug injections on mean arterial blood 
pressure (top) and mean pulse pressure (bottom). Measurements at 
t= 0 began 5 s after intravenous catheter flush. Naloxone alone (@) 
did not significantly change either measure. Endotoxin 4 mg 
intravenously resulted in a significant drop in MAP and pulse 
pressure from control levels (Student’s f test, P< 0.01 both 
groups). Subsequent naloxone injection reversed the drop in MAP 
and pulse pressure (A), whereas saline injections (©) were without 
effect. Points represent averages+s$.e.m. Naloxone doses 10 mg 
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groups. One-half received naloxone 10 mg per kg and the other 
half saline; these were given only after individual MAPs had 
dropped to 65-70 torr. Animals receiving naloxone after endo- 
toxin-induced hypotension had significantly higher MAP than 
those receiving saline (analysis of variance’*, F= 10.55, P= 
0.009). 

In addition to blood pressure effects, heart rate was also 
measured. In the saline control group, heart rate data tended to 
parallel the blood pressure changes, the Jowest average heart 
rate being observed 55 min after injection (347+ 33 beats per 
min, n = 4) followed by an increase to significantly higher values 
at 120 min (453417 beats per min, n= 4, Student’s t = 2.86, 
P< 0.02). In naloxone-pretreated rats, subsequent injection of 
endotoxin had no effect on heart rate. 

The results of this study clearly demonstrate that naloxone not 
only blocks but also reverses the hypotensive effects of endo- 
toxin. Heart rate changes after endotoxin also seem to be 


MAP (torr) 
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Flg. 3 Effects of naloxone pretreatment on 2h MAP measure- 

ments after endotoxin. Pretreatment with naloxone 10 mg per kg 

(@) blocked the effects of 4 mg endotoxin on MAP. The groups 

treated with 4 mg endotoxin alone (©) had significantly lower MAP 

values compared with pre-endotoxin control values (see text). 
Vertical bars are +s e.m 


blocked by naloxone. During these experiments the adminis- 
tration of naloxone was discontinued after 2h (Fig. 3), and 
survival was not affected. Studies are in progress to evaluate the 
effects of more prolonged naloxone administration. 

The efficacy of the specific opiate antagonist, naloxone, as a 
_ modifier of physiological and behavioural events has been 
`. used as a tool to infer endorphin involvement in various 
systems'* **. From that perspective, the effects of naloxone in 
these present studies implicate endorphin as a factor in endo- 
toxin shock. Interestingly, it has often been suggested that 
bacterial endotoxins result in the secondary release of endo- 
genous substances which, in turn, may cause some of the 
cardiovascular effects associated with this form of shock’*. Our 
studies suggest that endorphin may be one of these postulated 
substances. 

Endotoxins are known to result in the secretion of ACTH 
from the pituitary, presumably by activation of hypothalamic 
releasing factors ~. It has been shown recently that both ACTH 
and -endorphin are stored in common pituitary sites and 
concomitantly regulated**. It seems probable that endotoxins 
would therefore also release pituitary 8-endorphin. Moreover, 
it seems likely that the established therapeutic efficacy of 
synthetic corticosteroids*’” in the treatment of shock may bea 
partial consequence of their inhibitory effects on pituitary, B- 
endorphin release”. The enhanced sensitivity of adrenalec- 
tomised animals to shock states’® as well as to intravenous 
B-endorphin injections’®, both of which are attenuated by 
corticosteroid pretreatment, are also consistent with the hy- 
pothesis that endorphin release is important in the patho- 
physiology of shock. 

The effect of naloxone in reversing the early hypotension of 
endotoxin shock suggests that naloxone may be efficacious in the 
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Fig. 4 Reversal of endotoxin shock by naloxone. After injection 
of 8 mg endotoxin, rats were injected with naloxone 10 mg per kg 
(A) or saline (O) after MAP reached 65-70 torr Large arrows 
indicate approximate times of naloxone injection. Some animals 
required two naloxone injections because the hypotensive effects 
‘ produced by endotoxin were biphasic Naloxone injections 
significantly improved MAP (see text) Vertical bars are +3 e m 


treatment of septic shock. The possibility that the endogenous 
opiates may also be involved in the pathophysiology of other 
shock models is currently being investigated in our laboratory. 
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Nicotinic cholinergic stimulation 
increases cyclic GMP 
levels in vertebrate skeletal muscle 


CYCLIC GMP seems to be an intracellular second messenger for 
certain actions of acetylcholine at muscarinic receptors (for a 
review, see ref. 1). For example, previous studies have provided 
evidence that activation of muscarinic, but not of nicotinic, 
cholinergic receptors leads to an increase in the level of cyclic 
GMP in many tissues? ^, including smooth muscle*”~. Also, it has 
been demonstrated that contraction of cross-stnated muscle 
fibres of the giant barnacle elicited by nerve stimulation is 
associated with an increase in the level of muscle cyclic GMP”. 
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These observations prompted us to determine whether a similar 
cyclic GMP increase is associated with contractile activity in 
vertebrate skeletal muscle. We report here that activation of a 
nicotinic cholinergic synapse raises the level of cyclic GMP in 
frog skeletal muscle. As in smooth*® and in barnacle? muscle, 
this cyclic GMP increase in vertebrate skeletal muscle is a 
consequence of a neurotransmitter-induced depolarisation of 
the muscle membrane. 

The gastrocnemius muscles of 3-4 inch Rana pipiens (north- 
ern variety) were used in this study. The cyclic nucleotide 
content of resting muscles from different frogs varied several- 
fold, but the levels in the two muscles from a single frog were 
essentially equal (Table 1, line 1). Therefore, in the experiments 
described below, one gastrocnemius from each frog served as 
the test muscle and the other as the control. 

When the motor nerve supplying a test muscle was stimulated 
for 5, 15 or 30s, in the conditions described in the legend to 
Table 1, both a maintained tetanic contracture and an increase 
in the level of muscle cyclic GMP resulted. The increase seemed 
to be maximal after 15 s, at which time test muscle cyclic GMP 
concentration was 230% that of the paired control muscle. The 
effect of stimulation for periods longer than 30 s was not deter- 
mined because the test muscle fatigued rapidly beyond this 
point. In agreement with other reports'’, nerve stimulation did 
not significantly increase the level of cyclic AMP in frog skeletal 
muscle. 


Table 1 Effect of nerve stimulation on cyclic nucleotide levels in frog 
skeletal muscle 


arr ary teeter para eter 


Duration 
of stimulation Cyclic GMP Cyclic AMP 
(s) “ control 
Unstimulated 10l+ 7 (9) 105+ 8 (13) 
5 162221 (7) 129+20 (7) 
15 230+45 (19) 117+ 14 (14) 
30 192423 (7% 117+13 (6) 





Paired gastrocnemii, with nerve supply intact, were removed from 
each frog and preincubated for 1 h at room temperature in frog saline of 
the following composition: 111 mM Na*, 3mM K*, 1.8mM Ca", 
117.6mM Cr, 5mM MOPS (3-(N-morpholino)propanesulphonic 
acid), adjusted to pH 7.4 with NaOH. One gastrocnemius from each frog 
was arbitrarily chosen as the test muscle and the other as the control 
muscle. After the preincubation period, the motor nerve supplying the 
test muscle was stimulated by a suction electrode with supramaximal 
pulses of 0.2 ms duration delivered at 30 Hz for 5, 15 or 30s. Following 
this stimulation, the control and test muscles were rapidly homogenised 
in 4.0-7.0 ml of ice-cold 7% trichloroacetic acid with an Ultraturrax. 
The homogenates were then centrifuged at 27,000 g for 5 min. The 
protein content of the pellets was determined by the method of Lowry et 
al.'®, 3.0-3.5-ml aliquots of the supernatants were extracted five times 
with 10 ml of ether, lyophilised and reconstituted in 0.5 ml of 50 mM 
sodium acetate-2 mM EDTA (pH 6.2). The cyclic GMP content of the 
reconstituted samples was measured by the radioimmunoassay method 
of Steiner etal.'”, and the cyclic AMP content by the method of Brown et 
al.*°. The recovery of exogenous cyclic GMP and cyclic AMP, added to 
whole mucle homogenates, was 83% and 89%, respectively. When 
sodium acetate-reconstituted samples were treated with beef heart 
phosphodiesterase (Boehringer), the cyclic nucleotide content was 
reduced to indetectable levels. The cyclic GMP and cyclic AMP concen- 
trations of resting muscles were 0.056+0.006 (mean + s.e.m.; 28 
muscles) and 1.13+0.07 (mean + s.e.m.; 26 muscles) pmol per mg 
protein, respectively. The protein levels of the two muscles from a given 
frog were essentially equal; test muscle protein was 102+ 2% (mean + 
s.e.m.; 22 muscle pairs) that of control muscle. For each muscle pair, 
results were calculated as (100 (cyclic nucleotide content of test muscle 
in pmol per muscle )/ (cyclic nucleotide content of control muscle in pmol 
per muscle)). The values represent the mean % +s.e.m. of these data, 
the numbers in parentheses indicate the number of muscle pairs used in 
each experiment. Statistical significance was calculated using a two- 
tailed Student’s t-test. 

* Significantly different from unstimulated, P< 0.05. 

+ P<0.02. 

tP<0.01. 
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Table 2 shows the effect of nicotinic and muscarinic choliner- 
gic antagonists on the response of cyclic nucleotides to nerve 
stimulation. Muscle pairs were preincubated for 1h in frog 
saline containing the antagonists, and the motor nerve of the test 
muscle then stimulated for 15s. Both nicotinic antagonists, 
curare (5x10°*M) and a@-bungarotoxin (10°°M), blocked 
the nerve-evoked contraction almost completely, and both 
compounds abolished the elevation of cyclic GMP in response to 
nerve stimulation (Table 2, lines 3, 4). The muscarinic 
antagonist scopolamine (5 x 10°* M) did not visibly affect the 
nerve-evoked contraction; nerve stimulation in the presence of 
scopolamine increased the cyclic GMP level of the test muscle to 
190% that of the paired control muscle (Table 2, line 5). The 
difference between the nerve-stimulated increase in cyclic GMP 
in the presence and in the absence of scopolamine was not 
statistically significant (compare lines 2 and 5, Table 2; P>0.1 
by Student’s t-test). These data indicate that the nerve-stimu- 
lated increase in cyclic GMP resulted from the activation, by 
endogenous acetylcholine, of nicotinic, rather than muscarinic, 
receptors. 

To determine whether, as in barnacle and smooth muscle, 
membrane depolarisation, without neurotransmitter receptor 
activation, is able to increase cyclic GMP in frog skeletal muscle, 
muscle pairs were preincubated in frog saline for 1 h after which 
the test muscle was caused to contract by direct electrical 
stimulation for 15 s (as described in the legend to Table 2). The 
isometric tension response of the muscle to direct electrical 
stimulation was similar to that observed during stimulation of 
the motor nerve. The cyclic GMP content of the directly stimu- 
lated test muscle was 227% that of the control muscle (Table 2, 
line 6). There was also a slight increase in cyclic AMP in these 
directly stimulated muscles, but this increase was not statistically 
significant. The cyclic GMP increase elicited in response to 
direct electrical stimulation was not due to activation of nicotinic 
receptors by endogenous acetylcholine released from motor 
nerve terminals, as this increase was not blocked by the nicotinic 
antagonist a-bungarotoxin. Thus, a l-h preincubation in 
10°°M a-bungarotoxin, which inhibited neuromuscular 
transmission, did not visibly affect the electrically stimulated 
contracture, and direct stimulation in the presence of a- 
bungarotoxin elevated the level of test muscle cyclic GMP to 
192% that of the paired control muscle (Table 2, line 7; lines 6 
and 7 not statistically different by Student’s t-test, P> 0.1). 
These data suggest that depolarisation of the muscle membrane 
in response to activation of acetylcholine receptors, is a step in 
the sequence of events by which neuromuscular activity elevates 
the cyclic GMP level of frog skeletal muscle. 

Previous studies had demonstrated that activation of 
muscarinic, but not nicotinic, cholinergic receptors causes an 
increase in the level of cyclic GMP in many target tissues; the 
tissues studied included heart’*, smooth muscle", brain’, 
salivary gland*, sympathetic ganglia® and exocrine pancreas”. 
The present study of frog skeletal muscle represents the first 
demonstration of a nicotinic cholinergic-mediated increase in 
cyclic GMP. Previous failures to observe nicotinic-stimulated 
increases in cyclic GMP may be explained partly by the fact that 
many of the tissues examined lack nicotinic receptors and partly 
by the fact that bath-applied agonists rapidly desensitise the 
nicotinic, as opposed to the muscarinic, receptor (for a review, 
see ref. 11), 

The present results on vertebrate skeletal muscle and pre- 
vious studies on invertebrate cross-striated muscle’ and verte- 
brate smooth muscle*” indicate that, in all three types of muscle, 
contractile activity is associated with an increase in cyclic GMP. 
In each case, contractile stimuli which depolarise the muscle 
membrane, without activating neurotransmitter receptors, also 
increase muscle cyclic GMP levels; these results suggest that the 
neurotransmitter increases cyclic GMP levels at least in part 
indirectly through membrane depolarisation, rather than 
through direct activation of a neurotransmitter-sensitive 
guanylate cyclase. Other evidence, obtained in barnacle muscle’ 


and in smooth muscle*’, suggests that the mechanism by which 
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` Table 2 Effect of cholinergic antagonists on cyclic nucleotide levels in stimulated frog-skeletal muscle 





; Mode of stimulation Cyclic GMP Cyclic AMP 
. Preincubation solution of test muscle % control 

1. Normal saline None 101+ 7 (9) 105+ 8 (13) 
2. Normal saline Nerve stimulation 230+45(19)* 117+ 14 (14) 
3.°5x107* M curare-saline Nerve stimulation . 104+13 (11) 97410 (6) 
4. 107° M a-bungarotoxin-saline : Nerve stimulation * 101416 (5) 112414 (5) 
5: 5x10™ M scopolamine—saline - Nerve stimulation 190+14 (8)t 118412 (8) 
6. Normal saline Direct stimulation 227 + 22 (22)t 138+ 17 (10) 
7. 10° M a-bungarotoxin-saline Direct stimulation — 192 +29 (10)* 111+11 (10) 


Paired gastrocnemii, with nerve supply intact, were removed and preincubated for 1 h at room temperature in the indicated solutions. ‘Nerve 
stimulation’ indicates that the nerves supplying the test muscles were stimulated for 15 s as described in the legend to Table 1. ‘Direct stimulation’ 
Indjcates that test muscles were placed ina plexigiats chamber and a baffle was fitted around thé muscles to divide the chamber into two compartments; 
supramaximal pulses (1-ms duration; 30 Hz) were applied for 15 s between the two compartments. The values represent the cyclic nucleotide content 
of the test muscle as the mean % +s.e.m. of that of the paired control muscle. The numbers in parentheses indicate the number of muscle pairs used in 

each experiment Statistical significance was calculated using a two-tailed Student’s t-test. 


* Significantly different fronr unstimulated ei 1), P< 0.02. 
PES: 01. 


EE A increases cyclic GMP involves an increase in the 
intracellular concentration of free calcium. A similar mechanism 


may be responsible for ne cyclic GMP increase in re) skeletal . 


muscle.: . 

The role of ea GMP in muscle function remains unknown. 
Ong and Steiner”, using an immunocytochemical procedure, 
showed that cyclic GMP is predominantly located over the A 
bands in unstimulated mammalian skeletal- muscle, but the 
functional significance of this observation has not- yet been 
determined. Cyclic GMP may be part of a positive or negative 
feedback system for regulating the concentration of free calcium 

_in muscle?"*, Another possibility is that cyclic GMP mediates 
some of the effects of contractile activity on muscle physiology. 
For example, contractile activity increases the glucose 
permeability of vertebrate skeletal muscle, and can both 
maintain muscle mass‘ and prevent the appearance of extra- 

_junctional acetylcholine receptors!” in denervated mammalian 


muscle. It is possible that cyclic GMP is the intracellular media- 


tor of-one.or more of these effects. The observation that 
contractile stimuli elevate cyclic GMP in several types of muscle 
indicates that this cyclic GMP increase .is of physiological 
importance: , 


We thank Dr Thomas Lentz for purified a- -bungarotoxin and 


Dr Robert Study for participating in the early experiments of 
this investigation and for providing the materials for the cyclic 
GME oe This research was supported F the 
USPHS. ake th 
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Effect of guanine nucleotides 
on striatal dopamine receptors 


GUANINE NUCLEOTIDES have been shown to regulate the 
sensitivity of adenylate cyclase to hormones in several 
systems’, including the dopamine-sensitive adenylate cyclase 
in the caudate nucleus*“*. It has also been reported that in the 
presence of GTP the affinities of glucagon receptors®, B- 
adrenergic receptors’*, prostaglandin E, receptors’ and opiate 
receptors? for agonists are decreased. For 8 -adrenergic recep- 
tors this effect of GTP has been described as ‘agonist-specific’, as 
it is seen with agonists but not with antagonists”. We report 
here a similar effect of GTP on the ability of dopamine-receptor 
agonists to compete for *H-spiroperidol binding sites on rat 
striatal membranes. The presence of 0.3 mM GTP led to a four- 
to-fivefold increase in the Ka values for the inhibition of H- 
spiropenndol ‘binding. by dopamine-receptor agonists. No 
changes in Ka values were observed for antagonists. Dopamine- 
receptor agonists and antagonists have been defined by the 
stimulation or inhibition of dopamine-sensitive adenylate 
cyclase in the neostriatum’’’? or by their effects on the canine 
renal artery’. Controversy exists, however, as to whether bind- 
ing studies using labelled neuroleptics such as spiroperidol 
actually measure dopamine receptors. Our finding of an agonist- 
specific effect of GTP’ supports the conclusion that *H-spiro- 
peridol is’ binding to Pocnonpl dopamine receptors in the 
caudate nucleus. . 
The binding of the potent dopamine receptor antagonist 
*H-spiroperidol was studied in vitro using a direct filtration 
binding, assay (see legend to Fig. la and refs 14-16). At 37°C 
*H-spiroperidol bound to rat striatal membranes with an ob- 
served affinity of approximately 80 pM, reached equilibrium 
levels in-8 min, and had a half-time of dissociation of 20 min. 
Specific binding was défined as the difference between *H- 
spiroperidol bound in the absence and presence of 2 uM 
(+)butaclamol; this constituted 90-95% of total binding. At the 
same concentration, (—)butaclamol was inactive. GTP had no 
effect on the binding characteristics of *H-spiroperidol. Scat- 
chard analysis was consistent with the existence of only a single 
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class of high-affinity binding site. The presence of GTP did not 
lead to changes in either the Ka (78+ 6 pM and 85+ 5 pM in the 
absence, and presence of GTP, respectively; n =6) or the 
density of binding sites for *H-spiroperido] (305 + 1 fmol per mg 
and 306+ 1 fmol per mg in the absence and presence of GTP, 
respectively). The control Ka value in this study was approxi- 
mately fourfold lower than that reported previously '*"'*. This is 
probably due to species differences—Creese et al. used bovine 
caudate '*—-and to the use of different tissues—Fields et al. used 
whole rat brain'*. 

The addition of GTP led to a decrease in the apparent affinity 
of dopamine for the *H-spiroperidol binding site (ECso = 
0.003 mM GTP). The effect of GTP on rat striatal membranes 
was maximal at the concentration used (0.3 mM GTP). At this 
high concentration the order of efficacy of purine nucleotides 
was as follows: GTP=GDP>ITP > GMP = guanosine = 
ATP = control (Fig. 1a). These results are similar to the effects 
of purine nucleotides on 8-adrenergic receptors’. 

A variety of dopamine receptor agonists and antagonists 
effectively competed with *H-spiroperidol for binding sites on 
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Fig. 1 a, Effect of guanine nucleotides on the inhibition of 
*H-spiroperidol binding by dopamine in rat striatal membranes. 
Striatal membranes were isolated following homogenisation in 200 
volumes of 0.32 M sucrose/ 10 mM Tris buffer (pH 7.5) by centri- 
fugation at 20.000 g for 10 min at 4°C. Radioligand, drugs and 
nucleotides were dissolved in 2.8 mM ascorbic acid containing 
10 pg per ml bovine serum albumin (BSA). An aliquot of the 
resuspended membranes (0.1. mg protein in 850 xl of 0.9% 
NaCl/10 mM Tris buffer, pH 7.5) were added to tubes containing 
50 ul °H-spiroperidol (26 Ci mmol” ': 0.4 nM final concentration), 
50 wl drug and 50 yl ascorbate/BSA or nucleotide (0.3 mM final 
concentration), Samples were incubated at 37°C for 10 min; the 
reaction was then terminated by the addition of 10 ml ice-cold 
buffered saline and samples were immediately filtered through 
type-AE glass fibre filters. Each filter was washed at room 
temperature with an additional 10 ml of buffered saline, and 
radioactivity was determined by liquid scintillation spectrometry in 
7ml of a Triton X-100/toluene-based fluor. The counting 
efficiency for tritium was approximately 32%. Points on the dis- 
placement curves represent the mean values of three independent 
determinations. In these experiments *H-spiroperidol binding 
ranged from 800 c.p.m., in the absence of dopamine, to 80 c.p.m., 
in the presence of 1 mM dopamine. Standard errors (not shown) 
ranged over 5-15%. @, Control; A, GTP; ©, GDP; ©, GMP. b, 
The effect of 0.3 mM GTP on the inhibition of °H-spiroperidol 
binding by dopamine-receptor agonists and antagonists in rat 
striatal membranes. Methods used were identical to those 
described above. @, a-fluphenthixol; ©, a-fluphenthixol + GTP; 
A. (+)ADTN: A. (£)ADTN + GTP; $, epinine; Ci, epinine + GTP. 
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striatal membranes (Fig. 1b and Table 1). Addition of 0.3 mM 
GTP to the incubation medium did not affect the inhibi- 
tion of °H-spiroperidol binding by the potent antagonist 
a-fluphenthixol. In the presence of GTP, however, the 
agonists (+)amino-6,7-dihydroxy-1,2,3,4-tetrahydronaphtha- 
lene (ADTN) and epinine were less potent in competing for 
*H-spiroperidol binding sites (Fig. 1b). Several dopamine- 
receptor agonists and the partial agonist apomorphine were less 
potent in displacing *H-spiroperidol binding in the presence of 
GTP, whereas antagonists were not affected by the presence of 
GTP (Table 1). The magnitude of the effect was independent of 
the potency of the agonist tested. Hill coefficients for the 
agonists/partial agonist were less than unity (0.49-0.61; Table 
1) and increased only slightly on the addition of GTP (0.59- 
0.76). This finding differs from that with 8 -adrenergic receptors, 
in which GTP leads to a marked increase in the Hill coefficients 
for agonists towards unity. In the case of 8 -adrenergic receptors, 
Hill coefficients for antagonists are approximately 1.0 in either 
the presence or absence of GTP’. 

It should be pointed out that the active isomers of the 
dopamine-receptor antagonists have Hill coefficients of 
approximately 0.65, whereas the inactive isomers have Hill 
coefficients of about 1.0 (Table 1). This difference suggests that 
the effect of the less active isomers is a reflection of their intrinsic 
activity and not of contamination with a smail amount of the 
active isomers. It is likely that there are differences in the site or 
sites occupied by the active and inactive isomers. The Hill 
coefficients of the antagonists were not changed by the addition 
of GTP. Low Hill coefficients (<1) could indicate negative 
cooperativity between individual receptor sites or the existence 
of multiple binding sites, although it is not known whether either 
of these explanations is correct. 

A possible explanation for the agonist-specific effect of GTP 
comes from studies of the binding of labelled agonists to 
glucagon receptors’*®, B-adrenergic receptors", prostaglandin 
E, receptors’ and opiate receptors'’. In these systems, guanine 
nucleotides increase the rate of dissociation of agonists from 
their binding sites. Agonists, therefore, seem to be less potent in 
the presence of GTP. Labelled agonists for dopamine receptors 
have been used in direct binding studies'””’®. However, the 
specific binding of *H-dopamine to rat striatal membranes is 
usually only about 20% of total binding'®. We have thus far been 
unable to examine the effects of GTP on *H-dopamine binding 
in the rat striatum. 

Several reports have suggested that the action of GTP may be 
involved in the coupling of the receptor with adenylate 
cyclase"?! GTP is required for dopamine stimulation of 
adenylate cyclase in membranes prepared from homogenates of 
rat striatum?*. It is interesting that the hormonal sensitivity of 
striatal adenylate cyclase, uncoupled from its receptor by 
exposure to the venom of Russell’s viper, was restored by the 
addition of GTP to the incubation medium*’. The most direct 
evidence that the effect of GTP is related to the coupling of 
receptors with adenylate cyclase has come from studies of the 
B-adrenergic receptor~adenylate cyclase system in S49 
lymphoma cells. In wild-type S49 cells, guanine nucleotides 
increase the Ka values and Hill coefficients for agonist, but not 
antagonist, inhibition of '°I-iodohydroxybenzylpindolol bind- 
ing’. In contrast, $49 cells, in which the B-adrenergic receptor 
and adenylate cyclase are both present but ‘uncoupled’, lack an 
agonist-specific response to GTP. So far, only receptors that can 
be shown to be linked to adenylate cyclase have been reported to 
show decreased affinity for agonists in the presence of guanine 
nucleotides'**. Opiate receptors, which seem to be linked to 
adenylate cyclase in some systems”, have been reported to show 
nucleotide regulation of both agonist and antagonist binding’’. 

The relationship of neuroleptic binding sites to dopamine 
receptors has been questioned. The affinities of dopamine- 
receptor agonists and antagonists differ depending on whether 
they are determined in the presence of an agonist or antagonist 
ligand”. Discrepancies also exist between the agonist and 
antagonist potencies determined by binding studies when 
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Table 1 Effect of GTP on the affinity and cooperativity of agonist and antagonist inhibition of *H-spiroperidol binding to ret striatal membranes 


Ka (nM) 
Control GTP 
Agonists 
Complete 
Epinine 390 + 100 1400 + 200* 
¢ Dopamine 380 + 80 1800 + 300* 
(+)ADTN 1443 54+6* 
Partial 
Apomorphine 2544 90 + 29* 
Antagonists 
(+)Butaclamo!l 061+0.10 0.67+0.19 
(—)Butaclamol 3400 + 400 3900 + 600 
a-Flupheothixol 0.37+0.04 0.45+0.13 
B-Fluphenthixol §2+11 5224 


Hill coefficient 
Ratio Control GTP 
3.6 0.56+0.05 0.61 +0.02 
4.7 0.5420 02 0 59+0.03 
3.9 0.49 +0.07 0 59+0.07 
36 0.61+0 04 0.76+0 06* 
1.1 0.65 +0.03 0.66 +0.04 
1.1 0.97+0.01 0.94 +0.05 
1.2 0.65 +0.07 0.62 +: 0.06 
1.0 1.02+0.06 0.96+ 0.04 


Assays were carried out as described in the legend to Fig. 1a. Each ratio of Ka values was calculated as the Ky in the presence of GTP to the Ka in the 
absence of GTP. The concentration of GTP was 0.3 mM. The results are expressed as the mean+s.e.m. calculated from three to four independent 


determinations. 
* Means values significantly different; Student's t test, P<0.05. 


compared with those determined in studies of dopamine-stimu- 
lated adenylate cyclase activity’. Further, the subcellular 
distributions of *H-spiroperido! bindin ng sites and adenylate 
cyclase in the rat brain are not identical**. From such studies, it 
has been suggested that the dopamine receptor and adenylate 
cyclase are related but not identical sites. Also, decreases in 
dopamine-sensitive adenylate cyclase activity (85%) and °H- 
haloperidol binding 440%) occur following intrastriatal 
injection of kainic acid“. The difference in the magnitude of the 
effects of kainic acid has led some investigators to question 
whether striatal adenylate cyclase and *H-haloperidol binding 
sites are associated. The data presented here demonstrate a 
specific effect of GTP on the inhibition of *H-spiroperidol 
binding by the same agonists which have previously been shown 
to activate adenylate cyclase'™!?. The connection between the 
striatal "H-spiroperidol binding site and the dopamine-sensitive 
adenylate cyclase is thus strengthened $, 
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Mammary tumour virus and 
casein gene transcription 


during mouse mammary development 


MORPHOGENESIS and differentiation of the murine mammary 
gland is dependent on the interaction of peptide and steroid 
hormones. These hormones cause mammary growth through 
proliferation of ductal and alveolar epithelial cells'* and 
differentiation of the gland for the production of the milk 
proteins, casein and a-lactalbumin**. Mammary development 
frequently increases the incidence and results in an earlier onset 
of mammary tumours*”. The influence of mammary develop- 
ment upon tumorigenesis has been correlated with the 
appearance of mouse mammary tumour virus (MMTV) sae 
cles® "°, Importantly, the production of MMTV particles 
dependent on alveolar differentiation and function’ pints 
ing mammary glands from BALB/c mice contained consider- 
ably lower levels of MMTV RNA than glands from C3H mice 
infected with the milk-transmitted virus MMTV-S (ref. 12). In 
this study we have examined the influence of the hormonal 
changes that occur during mammary development on MMTV 
and casein expression by molecular hybridisation with specific 
complementary DNA (cDNA) probes to MMTV 70S RNA and 
casein 15S mRNA. Hence, the relationship between MMTV 
expression and the expression of a normal differentiated mam- 
mary function—the production of casein mRNA—was deter- 
mined. We have quantitated MMTV RNA and casein mRNA in 
developing mammary tissues from BALB/c and BALB/cfC3H 
mice that have a low and high incidence of mammary tumours 
respectively", These studies demonstrate that the hormonal 
alterations occurring during mammary development enhanced 
MMTV RNA expression to a greater extent in the high than the 
low tumour-incidence strain, whereas similar changes in the 
level of casein mRNA were observed in both strains during 
mammary development. 

A representative MMTV cDNA probe was synthesised in 
vitro by avian myeloblastosis virus reverse transcriptase using 
708 MMTV RNA as template and calf thymus DNA frag- 
ments‘ as a random primer'*’*, The level of MMTV RNA was 
quantitated in cellular RNA extracts by the titration method”. 
The amount of MMTV RNA, expressed as a percentage of the 
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Fig. 1 Detection of MMTV RNA and mouse casein 15S mRNA 
in mammary glands by molecular hybridisation, Cellular RNA was 
isolated by sodium dodecyl sulphate—phenol extraction with pro- 
teinase K digestion” followed by extraction with 3M sodium 
acetate’. Hybridisations were carried out and assayed by S1 
nuclease digestion'”. a, Hybridisations of MMTVcDNA, 
equivalent Dot of 0.09, with MMTV 70S RNA isolated from 
purified MMTV virions (&) and RNA isolated from early pregnant 
6), late pregnant (MB) and late lactating (©) uniparous 
BALB/cfC3H mammary tissues. b, Hybridisations of mouse 
casein cDNA, equivalent Dot of 0.09, with purified mouse casein 
15S mRNA (A&)and RNA isolated from early (C), mid (©) and late 
(W) pregnant uniparous BALB/cfC3H mammary tissues. 


cellular RNA, was determined by comparing the rate of hybri- 
disation observed with each cellular RNA to the rate of hybri- 
disation observed with purified 70S MMTV RNA (Fig. la). 
Casein mRNA was quantitated in the same manner (Fig. 15) 
with a full-length cDNA probe synthesised from purified mouse 
casein 15S mRNA" as described previously'®. The limit of 
detection of MMTV RNA and casein mRNA was 0.0005 % of 
the total cellular RNA. 

Casein mRNA was quantitated in mammary tissues from 
virgin and uniparous BALB/c and BALB/cfC3H mice at 
various stages of mammary development. Figure 2a shows that 
the level of casein mRNA, which was at a very low level in the 
virgin gland (0.0009% ), was present at an appreciable level in 
early pregnancy (0.0066% ) and then increased to 0.365% of the 
RNA late in pregnancy. Casein mRNA increased nearly four- 
fold from late pregnancy to early lactation and was maintained 
at a high level, approximately 1% of the RNA, during lactation. 
Following weaning, casein mRNA decreased to one tenth or less 
of the lactating level, but was considerably higher than observed 
in the virgin gland. Essentially identical changes in the level of 
casein MRNA were observed during mammary development in 
both the low and the high mammary tumour incidence strains, 
BALB/c and BALB/cfC3H, respectively. 

MMTV RNA was quantitated in mammary tissues from virgin 
and uniparous BALB/c and BALB/cfC3H mice at various 
stages of mammary development (Fig. 2b). The increased 
tumour incidence of BALB/cfC3H mice relative to the isogenic 
strain, BALB/c, is due to the milk-transmitted virus, MMTV-S, 
obtained by foster-nursing BALB/c mice on C3H. Note that 
normal BALB/c and BALB/cfC3H tissues contain 5~9 copies 
of MMTV DNA per diploid cell’’. The level of MMTV RNA in 
the mammary tissues was below the limit of detection in virgin 
and early pregnant BALB/cfC3H mammary glands and was 
present at low levels (0.0014% )in mid pregnancy. MMTV RNA 
was at an appreciably higher level (0.0125%) in the 
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BALB/cfC3H mammary gland at late pregnancy and increased 
approximately twofold after parturition. Later in lactation, the 
level of MMTV RNA decreased from the level observed in early 
lactating BALB/cfC3H mammary glands. The decrease in 
MMTV RNA late in lactation may be due to the release of 
MMTV RNA particles into glandular secretions? *''?''. MMTV 
RNA levels were similar in BALB/cfC3H mammary glands late 
in lactation and 10 days after weaning, 0.0076% and 0.0096%, 
respectively. Large variations in the amount of MMTV RNA 
(Fig. 2b) but not casein mRNA (Fig. 2a) were observed in 
pregnant and lactating BALB/cfC3H mammary tissues. Inter- 
estingly, differences in milk virus titre, particularly in uniparous 
mice, have been reported to be indicative of similar biological 
variation in virus production". The level of MMTV RNA in 
BALB/c mammary tissues at all the developmental stages 
assayed was 0.0005% or less. 

The hormonal changes that control normal mammary 
development also influence neoplastic development of the 
mammary gland**. In BALB/c and BALB/cfC3H mice the 
mammary tumour incidence is higher in retired breeders than 
virgin mice (refs 6, 13 and D. Medina, personal communication). 
The occurrence of MMTV antigens in milk from lactating mice 
increases with the number of lactations in certain mouse 
strains’'°*?, Mammary tumours from BALB/c and 
BALB/cfC3H retired breeders have higher levels of MMTV 
RNA than observed in uniparous lactating mammary glands (R. 
J. P. and S. H. S., in preparation). These observations suggest 
that additional cycles of hormonal stimulation during pregnancy 
and lactation may increase the levelof MMTV RNA in mammary 
glands. Therefore, the level of MMTV RNA was quantitated in 
mammary glands from BALB/c and BALB/cfC3H lactating 
multiparous mice and retired breeders (Table 1). The levels of 
casein mRNA in multiparous lactating mice and retired 


Fig.2 Mouse casein 15S mRNA and MMTV RNA in mammary 
tissues during mammary development. Tissues were obtained from 
BALB/c and BALB/cfC3H virgin mice (Vi) and either pregnant 
(Pg), lactating (La) or post-weaning (PW) uniparous mice. Early 
(E), mid (M) and late (L) pregnant mice were staged at 1-7, 8-14, 
and 15-21 days of pregnancy, respectively. Early (E), mid (M) and 
late (L) lactating mice were staged at 1-7, 8-14 and 15-21 days of 
lactation respectively. Post-weaning mammary glands were 
obtained from uniparous mice 5 or 10 days following weaning. 
Cellular RNA was prepared and hybridisations were carried out as 
described in the legend to Fig. 1. The amount of casein mRNA (Fig. 
2a)and MMTV RNA (Fig. 26) are expressed as a percentage of the 
cellular RNA. Solid bars denote BALB/c tissues and cross- 
hatched bars denote BALB/cfC3H tissues, presented as the 
mean tone s.e.m. for (n) determinations. 
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Table 1 MMTV RNA and casein mRNA in mammary tissue from 
multiparous mice and retired breeders 


MMTV Casein 

RNA mRNA 

(% total (% total 

Strain Developmental stage RNA) RNA) 
BALB/cfC3H  Lactating—multiparous 0.0181 1.700 
BALB/cfC3H Retired breeder 0.0128 0.017 
BALB/c Lactating—multiparous 0.0006 1.790 
BALB/c Retired breeder 0.0009 0.014 


Mammary tissue excised from 5-7 day lactating multiparous mice and 
retired breeders, obtained one month after weaning of the fourth litter, 
were used for the assays. Cellular RNA was prepared and hybridisations 
were performed as described in the iegend to Fig. 1. 


breeders of both strains were consistent with the developmental 
stage of the gland. In BALB/cfC3H mammary glands from 
multiparous lactating mice and retired breeders (Table 1), the 
level of MMTV RNA was similar to that observed in uniparous 
lactating, 0.0295%, and weaned, 0.0096%, mice. Mammary 
tissues from BALB/c retired breeders contained a low but 
detectable amount of MMTV RNA (0.0009% ) whereas uni- 
parous and multiparous BALB/c lactating mammary tissues 
contained lower levels of MMTV RNA (s< 0.0006% ). Varmus et 
al,'* also have reported that lactating BALB/c mammary glands 
contained low levels of MMTV RNA (0.0003%). Therefore, 
additional cycles of hormonal stimulation increased MMTV 
expression in BALB/c but not BALB/cfC3H mammary glands. 

These studies indicate that the hormonal milieu required for 
mammary development and lactogenesis enhanced both casein 
and MMTV expression in the mammary gland of the high 
tumour incidence strain, BALB/cfC3H. Both MMTV RNA and 
casein MRNA were detectable by mid pregnancy and increased 
until the maximum level was observed early in lactation. 
Although the level of both MMTV RNA and casein mRNA 
decreased following weaning in both uniparous and multiparous 
mice, MMTV RNA did not decrease to the same degree as 
casein MRNA. Therefore, the accumulation of MMTV RNA in 
BALB/cfC3H mammary glands is dependent upon mammary 
development and influenced by differentiated mammary 
function. Consequently, the accumulation of B-type virus 
particles, which is dependent upon alveolar differentiation and 
function’, is also related to and may be dependent upon 
accumulation of MMTV RNA in the mammary gland of high 
tumour incidence strains, Interestingly, an appreciable level of 
MMTV RNA was maintained in the absence of continued 
hormonal stimulation of the BALB/cfC3H gland. Casein 
expression in the low tumour incidence strain, BALB/c, was 
influenced similarly by the hormonal changes that occur during 
mammary development. However, MMTV expression during 
mammary development in BALB/c mice was not influenced to 
the same extent as observed in BALB/cfC3H mice. Therefore, 
MMTV expression in the low tumour incidence strain is 
apparently not influenced by hormonally-regulated mammary 
development to the same degree as in the high tumour incidence 
strain. 

Genetic and biochemical evidence indicate that mouse strains 
contain different variants of MMTV”. MMTV-O_ is 
apparently an endogenous virus transmitted as a germinal pro- 
virus in BALB/c mice****, while BALB/cfC3H mice contain 
both MMTV-O and the exogenous virus, MMTV-S, transmitted 
by foster-nursing. Our studies indicated that MMTV-O and 
MMTV-S do not respond to the same extent to changes occur- 
ring in the hormonal environment during normal mammary 
development. Further studies using specific nucleic acid pro- 
bes”ć or antibodies to type-specific antigenic determinants?” ?® 
should provide additional evidence that MMTV-O and 
MMTV -S respond differently to changes in the hormonal 
environment during normal mammary development. The effect 
of mammary development on MMTV expression is related to 
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the tumour incidence of the strain, suggesting that multiple 
factors may influence MMTV expression during normal 
development. 
This research was supported by contract NOI-CP-4-3385 
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Male recombination is not induced in 
Drosophila melanogaster by extracts 
of strains with 

male recombination potential 


NON-TRIVIAL frequencies of spontaneous male recombination 
in the hybrid progeny of Drosophila melanogaster males from 
so-called ‘male recombination strains’ and laboratory marker 
stock females are well documented'*. Attempts to induce male 
recombination by injection have produced conflicting results. 
The positive results originally claimed by Reddi et al.° were not 
reproducible in two subsequent studies”. Sochacka and 
Woodruff® have suggested that the disparity in results may be 
attributable to the use of extracts from a male recombination 
strain in the former study only, They injected extracts from the 
male recombination strain OK 1 (ref. 7) into laboratory marker 
strain females. These were crossed to the Canton-S strain, which 
lacks spontaneous male recombination potential, producing F, 
hybrids which yielded a low frequency of male recombination. 
Injection directly into F, hybrid males also yielded some 
recombinants. Similar tests using Canton-S as the source of the 
extract were negative. We describe here large-scale tests with 
different male recombination strains. We could not reproduce 
the injection effect of Sochacka and Woodruff, suggesting that 
their results may not be generally applicable. We suggest, 
furthermore, that the genetic implications of a negative injection 
result may be at least as interesting as those of a positive result. 
A positive result would imply the existence of some co-existing, 
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Table 1 Observed numbers of recombinants and the minimum number of recombination events in various studies 


het detente Ho ARR ema aa that 


Experimental 
Recombinants 
Minimum 
Actual events 
Sydney 7 6 
Brown | 9 6 
Sochacka and Woodruff? 25 11 





Control 
Total Recombinants Total 
Minimum 
Actual events 
116,776 9 6 70,548 
39,628 22 15 86,024 
23,170 0 0 67,910 





‘Experimental’ includes all cases of injections of extracts from male recombination strains into females and males. 
‘Control’ includes injection with non-recombination strains, injection of solvents and no injection. 


possibly non-essential, factor, such as a virus or episome. This 
would rule out explanations for male recombination based on 
incompatability of genetic organisation in different strains. 
Explanations of this type, for example, in terms of spatial 
organisation of chromosomes”, have potentially important 
implications for normal nuclear organisation. 

The experiments were carried out independently at Sydney 
University and at Brown University. Extracts from the strong 
male recombination strains, Harwich’ and Hunter Valley”, were 
used in the experimental groups and extracts from the labora- 
tory strain Canton-S were used as controls in both laboratories. 
In Sydney, Harwich or Hunter Valley extracts were injected into 
females of the laboratory strain al cn bw (chromosome II). At 
Brown, Harwich extracts were injected into the laboratory 
strains al cl b c sp? (chromosome H) and rucuca (chromosome 
HI). The majority of control flies were injected with Canton-S 
extracts, a few were injected with Ringer's solution and a few 
were untreated. Experimental and control tubes were coded and 
combined for counting, an important consideration where low 
recombination frequencies are expected. 

Altogether, 10 experiments were carried out. The initial 
experiments were made using the concentration of extract given 
by Sochacka and Woodruff’. Subsequently, concentrations up to 
four times higher were used, We also examined the effect of 
ageing the injected flies, in case a specific developmental stage or 
incubation period was important. In addition, following a 
suggestion by Dr D. Angus of Newcastle University, New South 
Wales, we injected extracts from various hybrids rather than 
from pure strains, on the grounds that male recombination 
might be attributable to an agent which multiplies preferentially 
in the hybrid. 

None of the experiments showed an elevated level of recom- 
bination. Results have therefere been pooled within labora- 
tories, and are presented in the first two lines of Table 1. We 
show both the actual number of recombinants found and the 
minimum number of independent recombination events’. 
Neither of these numbers is an entirely satisfactory measure of 
recombination intensity. The actual number of recombinants 
cannot validly be used in statistical tests if recombinants occur in 
clusters rather than independently of each other. On the other 
hand, comparisons based on the minimum number of recom- 
bination events are strictly valid only if a fixed number of 
progeny is screened per cross. In the present experiments, 
however, neither measure indicates an effect of the treatment. 

The data of Sochacka and Woodruff® are summarised in the 
third line of Table 1. The complete absence of recombinants in 
their control series is noteworthy considering that Canton-S was 
used by all three laboratories. It is a major cause of the 
significance of the difference in recombination frequency 
between their experimental and control groups. Also, the 
frequency in the experimental injected group is about an order 
of magnitude lower than the spontaneous frequency in OK1 
hybrid males’. 

There are, of course, several possible reasons for dissimilar 
results using different strain combinations. We suggest, never- 
theless, that the hypothesis of direct transmissibility of male 
recombination by injection requires further substantiation. 

This work was supported in part by the Australia Research 
Grants Commission and by NSF grant DEB76-82630. We 
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Aphidicolin prevents mitotic cell 
division by interfering 
with the activity of DNA polymerase-a 


THE study of the control of DNA synthesis would be helped if a 
variety of chemicals which influenced DNA synthesis in various 
ways was available. We have searched for chemicals which 
prevent mitotic division of sea urchin embryos, which requires 
DNA synthesis, but do not prevent meiotic divisions of starfish 
oocytes, which are independent of DNA synthesis’. Aphidi- 
colin’ (1) is one such compound. Furthermore, recent experi- 
ments have shown that aphidicolin selectively inhibits the 
activity of DNA polymerase-a obtained from regenerating rat 
liver without interfering with the activity of DNA polymerase-£ 
and mitochondrial DNA polymerase’. The function of the DNA 
polymerases in the complex process of DNA replication is not 
known. Correlative studies of DNA synthesis and the level of 
DNA polymerase activity suggest that DNA polymerase-a@ may 
be important in DNA replication*. However, in certain cases, 
DNA polymerase-8 and -y also increase at the time of DNA 
synthesis, and attempts to specify which of the DNA poly- 
merases is ‘replicative’ or to assign roles to the various poly- 
merases have not yet been successful*, We report here evidence 
that prevention of cell division by aphidicolin in sea urchin 
embryos is due to selective inhibition of DNA polymerase-a 
activity. This study implies a functional role for this polymerase 
activity during replication of DNA. 
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Fig.1 Inhibition by aphidicolin of mitotic division of embryos of 

Hemicentrotus pulcherrimus. Five min after fertilisation, embryos 

were treated with various concentrations of aphidicolin. 

Morphological changes were observed for 150 min. Aphidicolin 

(insoluble in aqueous media) was dissolved in DMSO and then | 

dispersed in seawater to give a DMSO concentration of 0.1% (v/v) 
J my Ee NEO: Be DO ATE SAVNE Í 


. When ayo of the sea urchin Hemicentrotus pulcherrimus 
were exposed to aphidicolin (2 pg m!™') for 150 min from 5 min. 


after insemination, nearly all of them remained at the 1-celi 


stage whereas control embryos divided three times (Fig. 1). The: 


incorporation of *H-thymidine into DNA of the embryos was 
inhibited by, 90% by treatment with aphidicolin at 2 pg ml™ 
(Table 1). The rate of protein synthesis was the same whether or 
not embryos were exposed to the compound (Table 1). RNA 
synthesis remains quite low during early cleavage and maternal 
messenger RNA synthesised during oogenesis and stored in eggs 
plays a central role in translation®. Therefore, the effect of 
aphidicolin | on RNA synthesis was examined at the gastrula 
stage. The incorporation of 'C-uridine into the acid-insoluble 
material was not affected by 1h exposure to aphidicolin 
(10 ug m7"). . 

Aphidicolin (40 pg ml”) did not gvn f- methyladenine- 
, induced (45,ng ml`*) meiotic maturational divisions in oocytes 
of the starfish Asterias amurensis“. Meiosis is a reduction in 
chromosome number and no chromosomal replication takes 
place during the maturational divisions. Thus, it seems that 
aphidicolin prevents the sequence of events necessary. to 
complete chromosomal replication in sea-urchin embryos rather 
than the’ process of karyokinesis and-cytokinesis. .>© ~ 


Inhibitors of deoxyribonucleotide biosynthesis such as N-’ 


hydroxyurea (200 jg ml~’) and 5-fluorouracil (200 pg ml™) did 


not affect the first cleavage of sea urchin’ embryos. In fact, 


Table1 Effects of aph 





embryos of Hemicentrotus pulcherrimus | 
Aphidicolin - *H-Thymidine *H-1-Leuene - 
concentration incorporation incorporation. 
Gehl) +(%) - (%) 2 
, AES OR Mae rr ees ‘ ‘ 
0. a ET 100 oo, 4 EQO. 
0.02 a, ne Tó y Do g Waua 
0.2 a i 38 : Py 125 F 
2 10- , 124 
10 5 110 





seawater. twit | , embryos were sedimented, washed, fixed 
perchloric acid, and the acid- ee eee 
g to the method of Hinegardner et al.". The 

radioactivity in the control experiment was 1.7.x 10*c.p.m. *H-L- 
Cl mmol’) was added to 4x 10° unfertilised eggs 
suspended in 20 ml.of seawater. Five min later, eggs were thoroughly 
washed with seawater, suspended in 20 ml of seawater, inseminated and 
various amounts of aphidicolin were added to.2.5-ml aliquots of the 
suspension. Ninety min later, embryos were collected; fixed and extrac- 
ted with 10% TCA at 90°C, and the acid-insoluble radioactivity was 
counted according to the method of Mano’. The contro! value was 
5.9 10° c.p.m. Aphidicolin was dissolved in DMSO and then dispersed 


in scawater to give a final concentration of 0.1% DMSO (v/v), which did: 


Be ace DNA ON protein aya thadis ne erate 


boa t 4 


lin on DNA and protein. synthesis in 


*H-thymidine (0.63 aCi; 24 Ci mmol") 
and various amoùnts of ephidicolin were added to 5 x 10° eggs in 5 mlof. 


' Education, Science and Culture, Japan. 
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Table 2 Effects of ‘aphidicolin on activity of DNA polymerase-a, -8 
and -y obtained from the nuclear fraction of blastulas of 


a SS ga Hemicentrotus pulcherrimus 
Aphidicolin concentration DNA polymerase activity (%) 
(ug ol’) a P > as Y 
0 100 100 100 
0.5 39 _— — 
2 10 ' 102 95 
10 0 99 98 


. DNA polymerase-a was purified from the nuclear extract using phase 


separation and hydroxyapatite and phosphocellulose columns. The 
properties of the polymerase were sumilar to those described by Loeb™®. 
DNA polymerase-8 was, obtained as- described elsewhere"! The 
eae DNA-dependent DNA synthesss with DNA polymerase-a 

and -8 were determined using 50 mM Tris-maleate buffer, pH 8.5, as 
described preyiously’*. The ‘poly(rA)-oligo(dT),2-1. dependent DNA 
polymerase-8 and -y activities were measured as described elsewhere 
(Habera, A:; Nagano, H. & Mano, Y., in preparation) In the case of 
DNA polymerase-A, the values shown in this table were obtained by 
using activated DNA-as template primer. The poly(rA}-oligo(dT),2-18 
dependent DNA polymerase-§ activity was also insensitive to aphidi- 
colin. The activity of DNA polymerase-a, -8 and -y in the absence of, 


_ aphidicolin was 3,200,-600-and 5,200 c.p.m., respectively. Aphidicolin 


was dissolved in DMSO and then dispersed in the reaction mixtures to 
give a final DMSO concentration of less than 0.1% (v/v). At these 
concentrations, DMSO did not affect the activity of the DNA poly- 
unfertilised sea urchin eggs have enough pools of four deoxyri- 
bonucleoside_ triphosphates to support two or three cycles of 
DNA replication’. This excludes the possibility that aphidicolin 
acts by inhibiting deoxyribonucleotide biosynthesis, ee 
depriving DNA polymerases of necessary substrates. 

The effects of aphidicolin on the activity of DNA polymerase: 
a, -B and: -Y | obtained from the nuclear fraction of the sea urchin 
embryos (blastulae) were next examined. The addition of aphi- 
dicolin (2 pg ml‘) inhibited.the activity of DNA polymerase-a 
by 90% whereas that of DNA polymerase-f and -y was not 
affected by. treatment (Table 2). Thus the degree of inhibi- 
tion by, aphi icolin of the activity of DNA polymerase- -æ was 
nearly the same as that observed for cleavage and DNA 
synthesis, in, the intact cell (Fig. 1, Tables 1 and 2). However, it 
was observed that a higher dose of aphidicolin was required to 
inhibit the activity of DNA polymerase- -æ which was further 
purified by a DEAE-Sephadex A-50 column; aphidicolin at 
2 ug m~! ' produced 58% inhibition of DNA synthesis with this 
preparation. This could ‘be. due to a change.in the enzyme 
molecule from, its native state during purification or could, be 
related to the ‘adherence of some component to the enzyme 
which facilitates the action of the drug and is separated from the 
enzyme by DEAE-Sephadex chromatography. We are at 
present carrying out further. ‘studies designed to test these 
possibilities. Similarly, aphidicolin inhibited the activity of DNA 
polymerase-a obtained from unfertilised eggs but did not affect 
DNA polymerase-f activity. These results suggest that DNA 


polymerase-a plays an essential part.in chromosomal DNA 


replication in cleavage of sea urchin embryos. Thus aphidicolin 
has considerable potential for investigating the fundamental 
nature of the cell functions concerned. . 

We'thank.A. Habara for a supply of DNA polymerase-- -y. This 
work was. partly `s rted by,a grant. from the Ministry of 
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Resistance to viomycin conferred 
by RNA of either ribosomal subunit 


THE basic peptide antibiotic viomycin inhibits prokaryotic pro- 
tein biosynthesis'”, and seems to bind at least to the small 
ribosomal subunit because it competes partially with the binding 
of streptomycin’. However, viomycin does not induce misread- 
ing like streptomycin’, but promotes association of the ribo- 
somal subunits, stabilises 70S couples*, and blocks trans- 
location®*. Interestingly, resistant mutants have been found 
containing either an altered 30S or an altered 50S subunit”. 
Viomycin strengthens the association of the sensitive subunits 
but does not affect the association of subunits derived from 
resistant mutants’. These mutants have been obtained from 
Mycobacterium smegmatis, which is highly sensitive in culture in 
contrast to Escherichia coli. We describe here the formation of 
totally reconstituted subunits using components of sensitive and 
resistant ribosomes. The reconstituted particles were tested with 
their complementary, sensitive subunit with respect to viomy- 
cin-induced 70S couple formation. The resistance property of 
either subunit was shown to be located in the RNA moiety. 

In the first series of experiments two Rabinowitchi (R) strains 
of M. smegmatis were used: R15 as the viomycin sensitive 
parental strain and the resistant mutant R33 which has an 
aitered 30S subunit’. Intact 168 RNA from 30S subunits of both 
strains was isolated by the phenol method’”. The isolation of the 
total proteins (TP30) and the reconstitution procedure for the 
small subunit have been reported''. RNA and protein moieties 
from the sensitive and resistant strains were reconstituted in all 
combinations. The reconstituted particles were supplemented 
with sensitive 50S (R15) subunits and analysed on sucrose 
gradients. The conditions of the sucrose gradient centrifugation 
were chosen so that sensitive ribosomes only formed appreci- 
able amounts of 70S couples in the presence of the drug*. Thus, 
when the ribosomal component conferring the resistance was 
used for reconstitution, viomycin should not be able to induce 
the formation of 70S couples. 

Figure 1 shows the results. The homologous reconstitutions 
behaved as expected. 30S particles reconstituted with 
components of the sensitive strain form 70S couples in the 
presence of viomycin (Fig. 16), whereas those obtained with 
resistant components do not (Fig. 1d). The heterologous recon- 
stitution shows a sensitive response (70S couple formation) 
when parental 16S RNA was used (Fig. 1f). In contrast, a 
resistant response was found in the case where mutant 16S RNA 
was reconstituted with parental TP30. Thus, the resistance 
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follows the 165 RNA and is not related to the protein moiety 
(TP30). We conclude that the resistance of the strain R33, which 
has an altered 30S subunit, is conferred by the 16S RNA. 

A similar analysis was performed with native, sensitive 30S 
subunits and reconstituted 50S particles. 50S subunits were 
obtained from R15 as the sensitive strain and from the resistant 
mutant R31 which has an altered 50S subunit’. The procedures 
for the isolation of (238+58) RNA and total proteins (TPSQ) 
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Fig. 1 Sedimentation profiles of reconstituted 30S particles and 
wild type 50S subunits in the presence and absence of viomycin. In 
the insets the ribosomal components are listed which were used for 
reconstitution of the 30S particle: where not indicated as R33 the 
16S RNA (16S) and the proteins (TP30) were derived from 308 
subunits of the sensitive parental strain R15. Cells were grown and 
70S ribosomes prepared as described previously To remove 
attached RNase, ribosomes were washed with a buffer containing 
10 mM Tris-HCl, pH 7.5, 0.5 M LiCl and 10 mM Mg acetate (ref. 
10). The isolation of subunits and RNA (from the subunits which 
contain intact RNA) was as described'”, the preparation of total 
proteins TP30 followed ref. 11. For total reconstitution of 30S 
particles 2.5 Azo units of 168 RNA and 0.4 A239 units of TP30 in 
20 mM Tris-HCl (pH 7.6), 400 mM NH,Cl, 20 mM Mg acetate, 
0.2 mM EDTA and 2 mM 8£-mercaptoethanol were incubated in 
100 pl at 40° for 20 min. One Aso unit of reconstituted 30S 
particles were mixed with 0.4 A 269 units of parental 505 subunits in 
a buffer containing 10 mM Tris-HCI, 4 mM Mg acetate and 60 mM 
NH, Cl, and where indicated 15 uM viomycin. The mixture was 
incubated for 10 min at 37° and loaded on a sucrose gradient 
(10-30% ) with the same ionic conditions and where indicated with 
15 uM viomycin. After centrifugation for 19 h at 17,000 r.p.m. and 
4°C in a Beckman SW40 rotor the gradients were automatically 
monitored for A2.6o. 
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Fig..2 Sedimentation profiles of wild type 30S subunits and 
reconstituted 50S particies in the and absence of viomy- 
cin. Where not indicated as R31 the (238+5S) RNA (RNA) and 
the total proteins (TP50) were derrved from 50S subunits of the 
sensitive parental strain R15. Isolaton of subunits and RNA was as 
described in Fig. 1, the preparation of TP50 followed ref 10. For 
total reconstituttion of 50S particles 2.5 Argo units of (238+5S) 
RNA and 0.4 A230 units of TP50 were incubated in the conditions 
of the two-step incubation’’. Parental 30S subunits (0.6 A2s0 
units) were mixed with 0.4 Ar.» units of reconstituted 505 parti- 
cles, incubated and analysed on sucrose gradients as described in 
Fig. 1. 


and for the reconstitution of the large subunit have been 
described?’. Both homologous and heterologous reconstitutions 
led to particles sedimenting at the 50S position (Fig. 2). In the 
presence of viomycin we found a pattern: equivalent to that 


shown for reconstituted 30S particles in Fig. 1: All reconstituted. 


50S particles containing parental RNA react as sensitive parti- 
cles (70S couple formation, Fig. 24, f), whereas those containing 
mutant RNA behave as resistant particles (no 70S couple 
formation, Fig. 2d, h). We conclude that the resistance of strain 
R31 which has an altered SOS subunit is also conferred by the 
RNA moiety of the large subunit. 

Both reconstituted 30S and reconstituted 50S particles 


containing mutant 16S and (23+5S) RNA, respectively, could - 


form 70S couples with their complementary native subunits only 
in the presence of higher Mg** concentration (above 12- 


15 mM; data not shown). In spite of their normal sedimentation’. 


and association behaviour the reconstituted particles were only 
poorly active in in vitro systems of protein synthesis. 

Viomycin is the fourth example where resistance against an 
antibiotic is located in the RNA. Kasugamycin-resistant ribo- 
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somes contain an altered 16S RNA; the RNA is under-methyi- 
ated near the 3’ end’**. resistance can be due to an 
over-methylated 23S RNA”. Recently, a thiostrepton pro- 
E organism was described which protscts itself against this 
drug by methylating the RNA from the large ribosomal 
subunit’*. However, viomycin is the only zase so far known in 
which the resistance against the drug can b= located in the RNA 
moiety of either the small or the large subunit. Taken together 
with our observation that viomycin induces association these 
findings suggest that the RNA of both subunits is involved in the 
association reaction. - 

We thank Drs H. Teraoka and Dr. R. Brimacombe for 
discussions. This work was supported in part by a grant to TY. 
from the Ministry of Education of Japan. 
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Corrigendum 

In the letter ‘Visual response in barnac.e photoreceptors is 
not initiated by transitions to and from metarhodopsin’ by Z. 
Atzmon, P. Hillman and S. Hochstein, Nature 274, 76 (1978), 
the words ‘blue’ and ‘red’ heading the third and fourth columns 
of Table 1 should be interchanged. 


- Nature Index and Binders 


The complete Index for 1977 is available, orice £2.50 (U.K.), 
US$5.00 (Rest of World). Copies of the 1976 index are still on 
sale, prices as above. 


Binders for the journal are also availatle at £8 00 (UK), 
US$16.00 (Rest of World) for three: a year of Nature fits into 
three binders 


. All prices include postage. Payment may be made in any 
currency at the prevailing exchange rate. Orders should be sent, 
accompanied by remittance, to Macmillan Journals Ltd, Brunel 
Road, Basingstoke, Hampshire, RG21 2XS, England. 
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matters arising 


Relative merits 
of ‘extreme-pressure’ additives 


THE relative merits of ‘extreme-pressure’ 
additives are best examined under 
comparable conditions of ‘mild wear’ 
when only a fine dust is abraded from the 
rubbing surfaces and no macroscopic 
damage has been done. Macroscopic 
damage always leads to ‘catastrophic’ 
conditions and must therefore be avoided 
to ensure safe operation for a practically 
indefinite period. The criterion for safe 
operation is the validity of Amontons’ 
law. The principal function of any 
extreme-pressure additive is to extend 
substantially the range of normal loads in 
which one can be certain that only mild 
wear will take place, so that bearing pres- 
sures of at least 15,000 kg wtcm ^ are 
maintained. An optimum concentration’ 
exists for each extreme-pressure additive 
which can react with the lubricated sur- 
faces. Any comparison of extreme-pres- 
sure additives must therefore be made at 
their optimum concentrations and at 
normal loads for which Amontons’ law is 
obeyed. With 0.9525-cm diameter En-31 
steel balls in a four-ball apparatus running 
at 1,500r.p.m. the optimum concentra- 
tions of two different chlorinated paraffin 
waxes and of benzyl chloride in a light 
mineral oil were respectively 5, 2 and 1% 
by weight, corresponding to 59, 29 and 
8 mg-atoms of chlorine per 100 g of oil’. 

The existence of an optimum concen- 
tration suggests that two counteracting 
processes are responsible for the action of 
extreme-pressure additives. It is difficult 
to see how the formation of a protective 
coating on its own could account for an 
optimum concentration, but the view 
expressed recently by McCarroll er al.” 
that extreme-pressure lubricants contain- 
ing either sulphur or chlorine form with 
steel “surface layers of iron sulphide or 
chloride which prevent metal wear and 
seizure” is quite unacceptable, because 
mild wear always takes place, even if the 
wear prints have a mirror finish. What the 
expreme-pressure additive does to extend 
the range of validity of Amontons’ law of 
its base oil, is to lower both the force of 
friction and the rate of wear which would 
be encountered with the base oil. At their 
optimum concentrations each of the 
chlorine-containing additives mentioned 
above reduced the coefficient of friction of 
the base oil by 15%, from 0.100 to 0.085, 
and extended the range of validity of 
Amontons’ law from 16.5kgwt to 
respectively 34, 32 and 26 kg wt (Fig. 1). 
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Fig. 1 Force of friction-normal load diagrams (0.9255 cm diameter En-31 steel balls; 
1,500 r.p.m.; 30 s runs; additive solutions of optimum concentrations). x, Light mineral oil; L, 


eat 


5% by wt chlorinated paraffin wax A; A, 2% 


by wt chlorinated paraffin wax B; ©, 1% by wt 


benzyl chloride ("o solutions in light mineral oil). 


On this evidence benzyl chloride was less 
effective than either of the two chlorinated 
paraffin waxes. The same order of merit 
was just discernible from the wear scar 
diameter curves. At 21.6kg wt for 
instance, the respective diameters for 30 s 
runs were 0.330, 0.325, and 0.323 mm, 
[The bearing pressure of 25,251 kg wt 
cm”? at the end of each of these runs was 
still well within the extreme-pressure 
range whereas McCarroll and his 
colleagues had worked so far outside the 
range of validity of Amontons’ law that 
macroscopic damage had been done and 
their pressures had fallen to 
4,296 kg wtcm `°? and less. Their rate of 
wear had been nearly 400 times larger 
than ours.] The corresponding volumes of 
dust abraded were 1.2110", 1.14 
107, and 1.11*10°-’cm*. By electron 
beam induced X-ray analysis considerably 


less chlorine was found on wear prints 
obtained with 1% of benzyl chloride than 
with the optimum concentration of one of 
the chlorinated paraffin waxes (Table 1). 
Wear prints obtained with the base oil 
alone in the transition region from ‘mild’ 
to ‘catastrophic wear’ (Fig. 2a) resembled 
those found earlier by Czichos and Kir- 
schke*. They had the appearance of a 
paste having been smeared over the wear 
print. By contrast, scanning electron 
micrographs from runs with chlorinated 
paraffin wax (Fig. 26) and benzyl chloride 
(Fig. 2c) in conditions of mild wear 
showed clearly defined details of the wear 
scar areas. A striking difference between 
them was some wear debris sticking to the 
wear prints obtained with chlorinated 
paraffin wax (Fig. 26). These blobs of 
debris contained more chlorine than the 
areas around them (Table 1). 


Fig. 2 a, SEM photomicrograph (x 28,000) of a wear print on an En-31 steel ball after a 
30 s run with a light mineral oil at 15.7 kg wt and 1,500 r.p.m. b, A wear print on an En-31 
steel ball after a 30 s run with the optimum concentration (2% by wt) of chlorinated paraffin 
wax at 21.6 kg wt and 1,500r.p.m. Blobs of wear debris can be seen on the wear scar. 
(x 2,500). c, A wear print on an En-31 steel ball after a 30s run with the optimum 
concentration (1% by wt) of benzyl chloride at 21.6 kg wt and 1,500 r.p.m. (x 2,700). 
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Table 1 Chiorme content found by electron beam 


induced X-ray analysis of the bess that the contents of 


Mn, Cr, Fe, and Ci add up to 99 99% 


Percentage of Cl 
On arw- 
Extreme- On wear Onblots trary 
proesure print of selected 
additive arca debris spots 
5% by wt 
chiormated 
peraffin wax B 038 2 48 em 
2% by wt 
paraffin wax B 
(optunum 
concentration ) 0.20 134 -l 
1% by wt 
benzyl chlonde 
(optimum 
concentrabon) Trace ae 010 


Wear prints were obtained from 30s runs with 
0 9525-cm diameter En-31 steel balls at 1,500 r p m. 
and 21.6 kg wt 


We conclude from these observations 
that chlorinated paraffin wax is superior to 
benzyl chloride as an extreme-pressure 
additive. While the chemical reactivity of 
the additive plays some part in the 
mechanism of extreme-pressure lubrica- 
tion, it does not lead to the formation of a 
wear-protective layer. 
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SILVER AND MOULD REPLY—We were 
rather surprised that Schnurmann and 
Porter found “quite unacceptable” our 
view? that extreme pressure lubricants 
containing either sulphur or chlorine form 
with steel surface layers of iron sulphide or 
chloride which reduce metal wear and 
prevent seizure. This is not only our view 
but also that given by Rowe’, Prutton’, 
Davey* and many other workers in the 
field of extreme pressure lubrication. We 
were similarly surprised to read the 
statement that the chemical reactivity of 
the additive, although playing some part 
in the mechanism of extreme pressure 
lubrication, does not lead to the formation 
of a wear-protective layer This too is in 
contrast with our findings’, and the 
findings of others®’, of the relationship 
between chemical activity and extreme 
pressure performance. 

However, it is possible that a misun- 
derstanding has arisen over the definition 
of the lubrication condition known as 
‘extreme pressure’. By this we, and others, 
mean the conditions whereby lubrication 
is maintained by means of a surface layer 
of principally inorganic materal. These 
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conditions are operable under the severe 
loadings found in hypoid gears or in 
certain metal cutting operations, and are 
in contrast with those used by Schnur- 
mann and Porter in their experiments. In 
lower loaded anti-wear tests®, we found 
that chlonmnated hydrocarbons gave a 
slightly better performance than benzyl 
chloride, although at the same chlorine 
concentration in each oil; however, we 
must question the validity of results 
obtained from blends of chlorine 
compounds as described by Schnurmann 
and Porter, each with such different 
chlorine contents. 
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Interspecific 
competition in tits 


DHONDT has recently made a case for the 
existence of interspecific competition 
between blue and great tits’. My first cri- 
ticism is mainly statistical and concerns 
Dhondt’s Fig. 3 in which he presents a 
Lotka—Volterra graph with the equili- 
bnum lines for the two species, estimated 
subjectively by eight colleagues. I tried a 
discriminate function analysis as a more 
rigorous approach and found that the blue 
tit line had a slight, though insignificant, 
positive slope. Moreover, in a linear mul- 
tiple regression of population change of 
one species on the density of both species, 
neither species had a significant effect on 
the other. Consequently, neither the 
competition coefficients nor the 
conclusions about niche breadth drawn 
from the coefficients can be upheld. 

My second criticism concerns the 
interpretation of the significant regres- 
sions ın Dhondt’s Figs 1 and 2. Both 
figures show that relative to great tits, the 
reproductive success of blue tits increases 
as the combined density of the two species 
increases. Because of the greater vanance 
of the great tit density the result, especi- 
ally in Fig. 2, could be due to intraspecific, 
density-dependent effects. In a linear 
multiple regression of relative competitive 
ability (great tit fledged per pair divided by 
blue tit fledged per pair) on year, blue tit 
density, great tit density, and the ratio of 
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great tit density to blue tit density, no one 
independent variable is significant 
although the whole regression is 
significant. Thus, the depe ependence of rela- 
tive competitive ability’ on combined 
density seems uncertain and the possible 
contribution of the blue tit—great tit ratio 
should not be rejected. Finally, as there 
will be interspecific differential mortality, 
emigration, and so on. there is no reason 
to think that the equilibrium combined 
density should be where the reproductive 
abilities of the two species are equal. 

British data support the trends reported 
by Dhondt except that in contrast to 
Dhondt’s study, there is a strong positive 
correlation between changes in blue and 
great tit densities’. 

I thank M. G. Bulmer, J. R. Krebe, and 
C. M. Perrins for useful discussions. 


EDWARD O. MINOT 
Edward Grey Institute, 
Department of Zoology, 
Oxford, UK 


1 Dboodt, A Mares 268, 521-523 (1977) 
2 Mmo, E O (m preperation) 


DHONDT REPLIES—In my letter’ I did 
two things (1) demonstrate that competi- 
tion for food in the breeding season 
between great and blue tit results in a 
reduced fitness (fewer young produced) 
and (2) speculate how these titmice 
nevertheless coexist. Minot confirms point 
(1) but here criticises point (2). 

The first part of Minots criticism 
concerns the isoclines I tried to estimate. 
The method I used was unorthodox. I 
thought that fitting the lines by eye madeit 
possible to correct for aberrant points 
caused by varying environmental factors. 
The more orthodox approach is to cal- 
culate a multiple regression equation in 
which the relative change in numbers (not 
the absolute value as Minot has done) is 
expressed as a function of each species’ 
density. Doing this, leaving the 1962 point 
out (see ref. 1), results in woclines very 
similar to the ones drawn in my Fig. 3. 
These are, for the great tit (GT) 1.817~ 
0.075 GT-0.045 BT = 0 and for the blue 
tit (BT) 1.186—0.098 BT-—0.0087 GT = 0. 
It is correct that change in numbers of 
either species is not significantly cor- 
related with the density of the other spe- 
cies. However both partial correlation 
coefficients are negative and the one 
expressing the effect of the BT on GT 
change in numbers is almost significant 
(r = —0.42, t,,~1.736, P™0.05, one 
tailed), although the other one is much 
lower (r = —0.23). We know however, that 
the key factor, contributing most of the 
variance to annual mortality is ‘overwinter 
mortality’. Therefore it would be 
surprising if chenge in numbers could be 
related directly to breeding density in the 
previous year, without correcting for the 
factors that cause this variance. I conclude 
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therefore that the competition coefficients 
should be treated cautiously but need not 
be rejected. The conclusions about niche 
breadth were not, as Minot states, derived 
from the competition coefficients, but 
inferred from the results in my Table 1, 
and only refer to the breeding season. I did 
not imply that, at other times of the year, 
this situation holds. 

In the second part of his criticism Minot 
concludes that, because BT breeding 
numbers vary less than GT numbers, there 
could be a contribution of the relative 
proportion of each species to relative 
competitive ability. This may be so at high 
combined densities, but using only the 
data where the variance of the two species 
is not different (my low combined density 
years, upper line in Fig. 1) my conclusion 
is not affected. 

I am grateful to Minot for pointing out 
the difficulty of this type of a posteriori 
data analysis. I think that critical field 
experiments designed to test hypotheses 
will contribute more to our understanding 
of this problem than further manipulation 
of the data. The first results from such 
experiments? show that outside the 
breeding season great and blue tit also 
compete strongly, but that the situation is 
reversed and that the blue tit is more 
affected by it than the great tit. 


ANDRE A. DHONDT 
Departement Biologie, 
Universitaire Instelling Antwerpen, 
B-2610 Wilrijk, Belgium 
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Cordilleran Benioff Zones 


CONEY AND REYNOLDS’ have inter- 
preted the radiometrically dated igneous 
rock pattern in the southwestern boun- 
dary of North America in terms of the 
evolution of a convergent plate margin. 
They conclude that the pattern reflects a 
progressive decreasing of the Benioff 
Zone dip angle from about 130-110 Myr 
to about 55-40 Myr ago and a rapid 
increasing of dip from about 40 to 15 Myr. 
Because of these changes in dip, the 
magmatic arc zone was displaced about 
1,000 km inboard from the convergent 
margin until 55-40 Myr, then swept it 
back towards the trench by about 20 Myr. 
The width of this magmatic zone also 
changes as a function of the dip angle, 
from narrow at steep angles to very wide 
at low angles. Although the data seem to 
be consistent in supporting their inter- 
pretation, another interpretation based on 
the application of the same plate tectonic 
scheme** used by Coney and Reynolds 
can be proposed. 

According to the model of Dickinson 
and Hatherton*~, the surface arc mag- 
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Fig.1 Growth of the magmatic arc zone. 

The time when the descending plate 

approximately reached the 300 km limit 

of the low-velocity layer is indicated by 
the arrow. 


matism occurs above the zone in which the 
descending plate intersects the low-velo- 
city layer of the upper mantle. This zone 
extends from a depth of about 100< 
300 km. By extrapolating this concept to 
the earlier stages of development of a 
magmatic arc, it can be expected that the 
width of the surface manifestation zone 
increases as the descending plate reaches 
greater depths within the low-velocity 
layer. When the plate reaches the 300 km- 
limit, if no changes in dip occur, the width 
of the magmatic arc zone remains nearly 
constant, until the subduction process 
ends and the geometry changes. In respect 
of the zone between 0 and 100 km depth, 
called the zone of shallow earthquakes, 
the dip can be different compared to the 
dip in the low-velocity zone as a 
consequence of the differences in pro- 
perties and factors which control the plate 
interactions in the margin. Thus we can 
expect two dip angle zones®, which have 
been recognised in several parts’® and 
different dip changes in time. At the 
earlier stages the dip is steep and 
decreases as the margin evolves until the 
subduction process finishes or the 
geometry changes. 


Dip (deg) 





Myr BP 


Fig. 2  Magmatic production zone dip 
angle as a function of time beneath 
southwestern North America. 


By examining the data of Coney and 
Reynolds, we find that the width of the 
magmatic zone increases from about 
130 to about 70 Myr and remains nearly 
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constant between 70 and 20 Myr with 
certain changes from 30 to 20 Myr (Fig. 
1). By using a limits of 100 to 300 km for 
the low-velocity layer and the width of the 
magmatic arc zone, we can calculate the 
magmatic production zone dip angle, 
which is nearly constant from 70 to 
20 Myr (Fig. 2). In respect of the zonë of 
shallow earthquakes, the dip angle in this 
zone experiencies a progressive flattening 
from 130 to about 70-60 Myr, remains 
constant between 70-60 and 30 Myr, 
followed by a rapid steepening from 30 to 
15 Myr (Fig. 3). 


Dip ideg) 





Myr BP 


Fig. 3 Shallow earthquakes zone dip 
angle as a function of time beneath 
southwestern North America. 


The subduction rate during the earlier 
stages of development can be easily esti- 
mated from Fig. 1. The rate increases from 
130 to 70 Myr. The changes in the interval 
between 30 and 20 Myr could represent 
the evolution of the Kula-Farallon triple 
junction as suggested in the reconstruc- 
tion of Atwater’. Thus, these changes can 
be explained as the result of cessation of 
subduction caused by the change in plates 
geometry. 

It is expected that the model sketched 
here represents a more reliable approach 
to understanding the evolution of the 
southwestern margin of North America. 
The qualitative aspects of this model were 
already included in a work under pre- 
paration which includes studies of the 
metallogeny zoning in northwestern 
Mexico and the evolution of Baja Cali- 
fornia peninsula. Further details of the 
present discussion will also be reported 
elsewhere. 


J. URRUTIA FUCUGAUCHI 
Department of Geophysics and 
Planetary Physics, 
School of Physics, 
The University, _ 
Newcastle -upon - Tyne, UK 


1. Coney, P. J. & Reynolds, S. L Nature 270, 403-406 
(1977). 

2 Dickinson, W. R. & Hatherton, T, Science 157, 801-803 
{1967} 

3. Hatherton, T, & Dickinson, W. R. J. geophys Res. 73, 
4615-4619 (1968). 3 

4. Hatherton, T. & Dickinson, W, R. J. geophys. Res. 74, 
5301-53310 (1969). 

5. Dickinson, W. R. Rev. Geophys. 8, 813-860 (1970) 

6. Urrutia Fucugauchi, J., thesis, Univ. Mexico {1975} 

7. Atwater, T, Geol, Soc. Am. Bull. $1, 3513-3536 (1976). 


© Macmillan Journals Lad 1978 


tomorrow: 
S res 
today a 






Sephacryl 5-200 Superine 


Get gel fi 
t gel filtration 

asepa $-200 Su mow faster with 
peed and lo to e 








vi me ee | Nature 5 October 1978 


FOUNDED 1744 y 


Sale by auction 
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following day at 11 am 


THE HONEYMAN COLLECTION 
OF SCIENTIFIC BOOKS 
AND MANUSCRIPTS 


Part 1 Printed Books A-B 


A celebrated collection of antiquarian and modern 
books and manuscripts illustrating the history of 
science and documenting many important scientific 
discoveries from 15th to 20th century. 
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Illustrated catalogue: £5 post free. 


Sotheby Parke Bernet & Co., 
34-35 New Bond Street, London WIA 2AA 
Telephone: (01) 493 8080 
Telegrams: Abinitio, London 
Telex: 24454 SPBLON-G 


| ; THE DRUGS HANDBOOK 
_ Macmillan Press, Scientific, — | | Paul Turner and Glyn Volans 
Technical and Medical publishers, are 
constantly looking for new authors. _ | | | l 
A dictionary of drugs, arranged in alphabetical order 
E of their medically approved names, with a trade 
“oe wish to E A T N  textboo | | names index. Each entry gives a brief description of 
it you into A brisk tel has K E the actions, uses and adverse effects of each drug — 
monograp! or conrerence the sort of information that has been almost 


proceedings, contact: ie unavailable in the non-specialist area of 


| pharmacology until now. Moreover, the book is 
Malcolm J. Stewart, Publisher, a ioe | presented in a concise handbook format to fit easily 

Macmillan Press, E into a briefcase or capacious pocket. It should prove 
Houndmills, | invaluable to anyone involved in the medical use of 


- drugs. 
Basingstoke, _ its 
Hants. | | i ‘Concise, accurate and up-to-date’ - ~Miss W. E. 
fi p 
Tel: Basingstoke (0256) 2924 42 | | il A Br Senior Lecturer, Queen n Elizabeth College, 
a Be .UK Price hardcover £4.95, 0.333 216121, 
A paperback £1.95, 0333 23655 6. 


Please order through your jocal boo! seller orin 
case of difficulty write to The Macmillan Press Ltd., 
Little Essex Streat, London aa 
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Our energy alternatives 


Earth, Water, Wind and Sun: Our 
Energy Alternatives. By D. S. Halacy 
Jr. Pp. 186. (Harper and Row. New 
York and London, 1978 ) £4.95. 


Too many commentaries on ‘alterna- 
tive energy’ seem to assume that we 
have only just discovered the sun 
What is needed is a sense of historical 
perspective. It is otherwise too easy to 
overlook the fact that many ingenious 
technologies to exploit ambient energy 
flows like wind and sunlight were 
developed decades, indeed centuries 
ago. The principles and even the 
engineering of such technologies are 
. often better understood than those of 
sc-called ‘conventional’ energy tech- 
nologies like offshore oil extraction or 
nuclear power. This historical per- 
spective is one of several distinctive 
virtues displayed in D. S Halacy’s 
book, an outstanding example of an 
under-rated discipline and popular 
science writing at its best. 

Even for a battle-weary-reader case- 
‘hardened by continual exposure to out- 
pourings about ‘alternative energy’, 
Halacy’s book has an exhilarating 
freshness, and is quite unexpectedly 
absorbing, partly because of the 
frequently unfamiliar and fascinating 
detail included and partly because of 
the writing itself The book sustains 
the reader’s interest without gimmicks 
or gee-whizzery, succumbing neither 
to the breathless flashiness prevalent in 
the 1950s nor to the more recently 
fashionable monitory  breast-beating 
and finger-pointing Furthermore, 
Halacy reveals himself to be a virtuoso 
of the short sentence. His prose races 
along, delivering an astonishing 
‘quantity of information accurately and 
effortlessly, without a hint of con- 
descension. 

He sets the stage with an introductory 
chapter entitled ‘The Energy Crisis 
‘Is Real’’, or, as he puts it, “But first, 
‘the bad news.” It would doubtless be 
possible to quarrel with the picture 
he paints, at least in some particulars 
‘He is preoccupied almost entirely with 
energy supply, and discounts far too 
completely the opportunities for im- 
proved efficiency—for optimising the 
balance between ambient energy, fuel 
energy, energy conversion systems, 
‘and desired end-use objectives. How- 
‘ever, he then moves on to devote 


chapters to geothermal energy, water- 
power, tidal power, sea thermal energy, 
wind, biofuels, and solar energy; and 
in each case his survey is both crisply 
concise and impressively comprehen- 
sive. He discusses basic principles, 
Pioneering projects, current plans, 
proposals and prospects for the future, 
salting the discussion with striking 
examples and vivid turns of phrase 
You probably know about Palmer 
Putnam’s huge windmill on Grandpa’s 
Knob; but did you know about Georges 
Claude’s sea thermal plant with the 
intake pipe one and one quarter miles 
long, off the Cuban coast? In 1927? 
Or consider this thought-provoking 
aside, on the theoretical limit to re- 
covery of energy from the wind: 
“(Extracting all the energy would mean 
bringing all the wind to a dead stop, 
an interesting possibility.)’’. 

Halacy also avoids a pitfall into 
which many of his compatriots topple. 


reviews 


Walt Patterson 


Unlike them he does not seem to 
believe that energy issues stop at the 
three-mile dimit around the US On the 
contrary he draws his examples and 
his ideas from every corner of the 
globe, although activities in the US 
do tend to predominate 

The book also offers a wealth of 
pictorial accompaniment to the text, 
including some photos of considerable 
rarity value. 

All told, in 18€ pages Halacy has 
put together a book which can be 
recommended with enthusiasm as one 
of the best available introductions to 
“our energy alternatives’. Even its up- 
beat final sentence is welcome: “It’s 
our move—and the prospects are en- 
couraging” The next time some official 
spokesman threatens you with freezing 
in the dark, introduce him to Halacy 





Walt Patterson is energy consultant to 
Friends of the Earth (London) Ltd. 





Ecology of freshwater macrophytes 





River Plants: The Macrophytic Vege- 
tation of Watercourses. By S. M. 
Haslam Pp 396. (Cambridge Univer- 
sity Press: Cambridge and London, 
1978 ) £27.50. 


AGNES ARBER published her outstand- 
ing book on water plants nearly 60 
years ago. Apart from Fritz Gessner’s 
Hydrobotanik, Dr Haslam’s is the first 
dealing with these plants, and based 
on original research, to have appeared 
since then A causal analysis of the 
distribution of river plants throughout 
Britain is attempted in terms of flow, 
substrate and nutrients. These findings 
are applied to downstream changes in 
habitat and species composition in 
whole rivers This leads to a classifica- 
tion of the vegetation of streams on 
soft rocks, streams on hard rocks and, 
finally, of channels with little flow A 
preliminary account follows of the 
vegetation of watercourses in eastern 
North America and the book concludes 
with five chapters on applied aspects— 
uses and hazards created by river 
plants, their management and their 
relationship to pollution 

The author clearly intends to interest 
and indeed educate non-botanists and 
particularly those engaged in water 


planning and management; there is 
an initial set of drawings of ‘field’ 
plants, and symbols are used in text, 
tables and river maps for the com- 
monest species. Perhaps this explains 
the way degrees of correlation between 
nutrient and species distribution are 
presented (Tables 8.2, 86) and the 
grouping of all moss data as ‘mosses’. 
The professional biologist or teacher 
may find it difficult to extract succinct 
information because of inevitable 
compression of data and, sometimes, 
insufficient distinction between gen- 
eralisations based on these data and 
on subjective assessment. The book is 
very well produced, with good illustra- 
tions, pleasant lay-out and few errors— 
the most serious being the omission of 
all data from Fig 6.12. These minor 
faults only slightly mar an outstanding, 
single-handed contribution to fiver 
biology—the first classification in terms 
of their macrophytes of British (and 
some North American) watercourses. 
The book can confidently be recom- 
mended to all those interested in the 
ecology of fresnwaters. 

D. H. N. Spence 


D. H. N. Spence is Professor and Head of 
the Department of Botany at the Univer- 
sity of St Andrews, UK. 
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Origins of 


senescence 


The Genetics of Aging. Edited by E. L. 
Schneider. Pp.424. (Plenum: New 
York and London, 1978.) $39. 


Despite a considerable amount of 
research in recent years, as one of the 
contributors to this volume states, 
‘* |. a universally acceptable definition 
of normal biological aging is still not 
available. The origins of senescence 
remain enigmatic, and little agreement 
exists regarding its true nature”, Hav- 
ing read this well referenced up-to-date 
review of the subject one cannot help 
but agree with this sentiment, but as 
the nature and cause of aging raise 
basic fundamental questions in biology 
perhaps this is not too surprising. 

The book is divided into four parts. 
The first is concerned with the possible 
molecular basis of aging which resolves 
essentially into error and programmed 
theories. The former assumes that 
aging results from the accumulation 
of errors in DNA replication or defi- 
ciencies in the repair of such errors. 
The latter assumes that aging results 
from genetically programmed sen- 
escence. Evidence is presented both for 
and against these two possibilities. The 
observation in man of increasing hypo- 
diploidy in cultured lymphocytes with 
age, most frequently affecting the X 
chromosome in females and the Y 
chromosome in males, is intriguing, 
but whether this is a cause or effect of 
aging remains unresolved. 

The second part of the book is con- 
cerned with aging at the level of the 
organism itself from protozoa and 
fungi to vertebrates. Whether certain 
findings in lower organisms are of 
general relevance is a mute point. For 
example, in Podospora anserina (a fila- 
mentous fungus) there is clear evidence 
that longevity is at least partly con- 
trolled by cytoplasmic factors. In 
higher forms life span and survivorship 
can be expressed in terms of allometric 
and Gompertz equations for which 
Sacher presents convincing explana- 
tions. It would seem reasonable, how- 
ever, that aging in man is at least 
partly determined by genetic factors 
and the third and largest part of the 
book is devoted to this subject. In 1961 
Hayflick first demonstrated that human 
diploid somatic cells have a limited 
replicative life span in tissue culture 
which is inversely related to the age 
of the donor. Since then, this has be- 
come an exciting and popular experi- 
mental tool for studying the phenom- 
menon of aging at least as this is 
expressed in vitro. Detailed considera- 
tion is given to this phenomenon in the 
case of those genetic syndromes known 


to be associated with premature aging 
such as progeria in which fibroblasts in 
culture show reduced survival, defec- 
tive HLA expression, increased heat 
lability of cytoplasmic enzymes, 
changes in insulin receptors and 
tissue factors promoting clotting, These 
observations are appealing; but are 
such disorders a legitimate paradigm 
of normal aging? The possible role of 
genetic factors in aging is more directly 
approached by family and twin studies. 
The findings in the now famous Pearl 
(Baltimore) study of longevity among 
relatives of mnonagenarians are dis- 
cussed in detail and indicate that there 
is a definite familial component in 
aging. However, this is small and 
Murphy is careful to avoid being dog- 
matic as to its nature. It could well 
be largely cultural or environmental. 
On the other hand, the discussion of 
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twin studies gives more emphasis to a 
genetic component in aging. 

The fourth and final part of the 
book is concerned with certain experi- 
mental approaches to aging, including 
somatic cell genetics, immunogenetics 
and behavioural genetics. 

Inevitably in a work of this nature 
there is some repetition but this is less 
than in most large multi-authored 
books. In any event it is often interest- 
ing to compare the views of different 
contributors on the same subject; 
though the index itself is often un- 
helpful in this regard. This is a highly 
readable and well referenced review of 
a fascinating subject and I would 
recommend it without reservation. 

Alan E. H. Emery 


Alan E. H. Emery is Professor of Human 


Genetics at the University of Edinburgh, 





Nuclear 
transplantation 
experiments 

in Amphibia 

Cloning: Nuclear Transplantation in 
Amphibia. By R. G. McKinnell. (Uni- 


versity of Minnesota Press: Minnea- 
polis, 1978.) $22.50. 





In spite of its principal title, this book 
is not concerned with most aspects of 
cloning. Thus, it does not deal with 
cloning in plants, with the cloning of 
DNA or genes in bacteria by plasmids 
and phages, nor with the cloning of 
animal cells in culture. In fact the book 
consists entirely of an account of 
nuclear transplantation experiments in 
Amphibia, primarily those with Rana 
pipiens. This has its use, and a chapter 
on the transplantation of nuclei from 
tumour cells is clearly presented and 
well balanced. 

Unfortunately the same cannot be 
said for much of the rest of the book. 
In general, work with species other 
than R. pipiens is treated as trivial or 
at best confirmatory. Often it is hard 
to discern the direction of an argument. 
Thus, the book does not make it clear 
that many amphibian nuclear transfer 
experiments have been addressed to the 
specific question of whether the 
nucleus of one kind of specialised cell 
contains the genetic information neces- 
sary to promote the formation of other 
quite unrelated cell types. Though gen- 
erally considered important, this 
question is totally obscured in this book 
by the author’s decision to emphasise 
the age rather than differentiated state 
of donor cells. 

From the student’s point of view, a 


serious deficiency is that alternative 
but not exclusive interpretations are 
often omitted. For example, most of 
the first half of the book is concerned 
with abnormal embryos resulting from 
nuclear transfers in R. pipiens. It is 
therefore disappointing to find that one 
of the principal ideas regarding the 
significance of these abnormal embryos 
is entirely overlooked. The author 
presses the view that the abnormalities 
of nuclear transplant embryos may 
give specific information about the 
specialised state of gene control in 
donor cells. An alternative interpreta- 
tion (favoured by several in this field) 
is that abnormal embryos result from 
random chromosomal losses due to the 
low replication rate of specialised cells 
and the very high rate at which eggs 
always divide. My criticism is not that 
the author subscribes to the former 
point of view, but to disguise or ignore 
the second interpretation seems to me 
to significantly misrepresent the liter- 
ature. 

The last half of the book contains 
useful technical information in the 
form of six appendices. These deal with 
the biology and maintenance of R. 
pipiens, the instruments, solutions and 
techniques used to transplant single 
nuclei to eggs (primarily R. pipiens), 
as well as with sources of various 
anuran species. 

The unbalanced presentation and 
uncritical interpretation of nuclear 
transplantation experiments seriously 
limit the general usefulness of the first 
part of this book. However, the techni- 
cal information in the appendices 
should prove valuable for those wish- 
ing to transplant nuclei in R. pipiens. 

J. B. Gurdon 





J. B. Gurdon is at the MRC Laboratory 
of Molecular Biology in Cambridge, UK. 
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particular method or technique that are of interest to a broad scientific audience will also be 
published. Papers may be submitted to any member of the editorial board. Full instructions to 
authors may be obtained from the publisher or one of the managing editors. 
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System Design with Microprocessors 


D. Zissos 
with contributions by J. C. Bathory and a forword by J. L. Alty 
October/November 1978, approx. 230pp., £6.50/ $13.50 (paperpack) 0.12.781750.6 


Following his pioneering work in Logic Design, Professor Zissos now presents the field of microprocessors in an accessible 
and easy-to-read form. This book is designed to satisfy the current demand for knowledge about how microprocessors work 
and how they can be used. it is written in the direct, de-mystified style characteristic of Professor Zissos, and is designed not 
only for those with aspecialist knowledge of electronics but also for non-specialists -- such as system designers, communica- 


tions experts, non-electronic engineers, physicists, chemists and medical experts who wish to construct their own micro- 
processor systems. 


tst Volume in Biological Techniques — 
A series of short texts for use at the laboratory bench 


lon-Sensitive Intracellular Microelectrodes 


How to make and use them 


R. C. Thomas 
October/November 1978, approx. 410pp., £7.00/ $14.50 0.12.688750.0 


This is essentially a laboratory handbook for experimenters. The author, himself a pioneer in the field, describes in detail the 

methods he and others employ to make and use ion-sensitive microelectrodes. Such microelectrodes permit the direct and 
continuous measurement of ion activities inside living cells. Since it has recently become possible to apply this technique to a 

wide variety of cells, this volume will be especially welcomed by research workers. The bulk of the book is practical in 

approach — though it begins with a brief historical introduction — and contains profuse and detailed illustrations. It 

concludes with an appendix listing sources of supply for the hard-to-obtain components. 


Rhythmic Activity of Fishes 
edited by J. E. Thorpe 
October/November 1978, x + 312pp., £11.50/ $23.75 0.12.690650.5 


it has been demonstrated repeatedly that living organisms respond in a rhythmic way to the regular oscillations of their 
environment. information on rhythmicity of activity in fishes is accruing rapidly. This book — the proceedings of a symposium 
organised by the Fisheries Society of the British isles — presents review papers contributed by sixteen experts. Four main 
topics were discussed at the meeting: the endocrine basis of rhythmic behaviour; physiological and behavioural rhythms; 
temporal aspects of community structure; and methods and instrumentation for use in the investigation of probiems in these 
areas. 


Developments in Clinical Immunology 


Symposium sponsored by Bayropharm Italiana S.P.A. 


edited by M. Ricci, A. S. Fauci, P. Arcangeli and P. Torzuoli 
October/November 1978, xvi + 266pp., £12.00/ $24.75 0.12.587180.5 


This book presents the proceedings of the symposium ‘Developments in Clinical Immunology’ organized by Professor Mario 

Ricci, Director of the Postgraduate School of Allergology and Clinical immunology and held at the University of Florence. The 

aim of the conference was to bring together eminent scientists interested in both the theoretical and clinical aspects of. 
immunology. Their papers provide a summary of the state of the art and of the recent advances that have been made in the field 

of atopy and lymphocytes. Undergraduates and graduate students will find it invaluable to have such a wealth of material 

gathered together under one cover sparing them from searching through diverse journals of allergy, immunology, biochemis- 

try, physiology and pathology where such information is usually disseminated. 


Rational Quadratic Forms 


November/December 1978, xvi + 414pp., £17.50/ $36.25 0.12.163260.1 


This monograph presents the main themes of the theory of quadratic forms ata level that can be appreciated by a wide variety 
of readers. The first half of the book develops the classical theory of rational and integral equivalence for quadratic forms with 
rational or rational integral coefficients. Full use is made of the insight and clarity provided by the use of p-adic numbers and of 
Witt's theory of quadratic spaces. The second half contains treatments of spinor genera, or reduction theory and automorphs, 
and of the composition of binary forms. 


Orthopaedic Mechanics: Procedures and Devices 


edited by Dhanjoo N. Ghista and Robert Roaf 
October/November 1978, xii + approx. 350pp., £17.60/ $36.50 0.12.281650.1 


This book aims to provide a state-of-the-art cum tutorial coverage of orthopaedic mechanics, procedures and devices. It 
provides quantitative information on the structure and mechanical properties of bone, and on the relationships between the 
kinetics and kinematics of the finger, knee and spine. It demonstrates how relevant mechanics analysis can be invoked in 
prescribing correction procedures and devices for deformities of the spine, knee and hand. Of clinical pertinence are sections. 
dealing with the mechanical design considerations of systems providing lateral and distraction forces to the spine, arthro- 
plasty devices and internal fixation devices (by means of screws, pins, wires, plates and intramedullary nails). The final chapter 
provides an implementabie activities chart (accounting for fabricability, mechanical strength and biocompatibility testing 
complexities, costs and time scales) for design development of a new biomaterial-prosthetic device. 
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European Monographs in Social Psychology 
Series editor: H. Tajfel 
Number 14 


Differentiation Between Social Groups 


Studies in the Social Psychology of Intergroup Relations 


-edited by H. Tajfel 
October/November 1978, xvi + 474pp., £19.50/ $40.35 0.12.682550.5 











Football f „Maori children, factory shop stewards or engineering students — in spite of their apparent incongruities as 

common ts fora single study -Bach possess a group identity and display complex intergroup relations, the description 

of which of the aims of this book, about the new theory and research related to it. How do social mobility, change or 

rigidity, c y or deviance, self-identity versus group categorization, and majority or minority status affect inherent 

tendeni jle to differentiate themselves one from another? The basic thesis of this book is that there is a marked. $ 
itferentiation rather than conformity, and that this tendency, as a national, ethnic, linguistic or individual Eo 










s social innovation and creativity and, equally, becomes a source of conflict and waste. 


Metal 8-Diketonates and Allied Derivatives 

e otra, R. Bohra and D. P. Gaur 

jer/November 1978, viii + 832pp., £20.50/ $42.40 0.12.488150.5 sane 

3 Presented here is a concise account of the developments made in different eras in the chemistr ik tal U Sediketdriates. The 
book concentrates on four aspects: their synthesis, the nature of bonding and their aromatic charactar, their chemical 
reactions and their physical properties, including spectroscopic, magnetic and structural characteristics. ‘There are now more 


than a hundred research papers published annually on different aspects of this fascinating fieid of chemistry. The present 
monograph. covers around two thousand references to original literature and the authors have attempted to include all the 


major breakthroughs and developments of this fast growing subject. 







Mam nalian Metabolism of Plant Xenobiotics 


R.R. Scheline | 
October/November 1976, xii + 502pp., £28.00/ $58.00 0.12.623350.0 
Plant xenobiotics, which can roughly be equated with those compounds termed ‘secondary plant metabolites’, are of 
considerable. importance in many fields of research such as pharmacology, toxicology, medical and natural products 
chemistry, and food sciences. It is im portant therefore that information on their metabolites andthe pathways leading to them, 
is readily available to those working in such active areas of research, A large quantity of literature on xenobio-chemistry has 
< > = been- published in recent years, but references are scattered and location of an overall summary of the metabolism of a 
` specific compound is often difficult and time consuming. Accordingly, this volume has been compiled to provide a com 
.. prehensive survey of the current knowledge in a specific part of this large field, namely that of plant xenobiotics. 


Transact ons of the Zoological Society of London 
Volume 34 Part 1 November 1977 £8.80 


R.C. Brace: Anatomical changes in nervous and vascular systems during the transition from prosobranch to opisthobranch 


organization 
R. C. Brace: Shel! attachment and associated musculature in the Notaspidea and Anaspidea (Gastropoda: Opisthobranchia) 


D. M. Crampton: Functional anatomy of the buccal apparatus of Onchidoris bilameflata (Mollusca: Opisthobranchia} 
A. Bebbington: Aplysiid species from Eastern Australia with notes on the Pacific Ocean Aplysiomorpha (Gastropoda, 
Opisthobranchia) 


Volume 34 Part 2 July 1978 £8.80 
Errol |. White: The larger arthrodiran fishes from the area of the Burrinjuck Dam, N.S.W. 


Volume 34 Part 3 September 1978 £9.20 


Joseph G. Strauch: 
The phylogeny of the Charadriiformes (Aves): a new estimate using the method of character compatibility analysis 


Volume 34 Part 14 1979 (in preparation) 


C. Gans: The characteristics and affinities of the Amphisbaenia 
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o~Ala2-[tyrosy/-3,5-3H]enkephalin 
(5-o-leucine) TRK602 25-50Ci/mmol 
cis-3-Amino[4,5(n)-sH] cyclohexane 
carboxylic acid TRK.594 30-60Ci/mmol 
[SHIC 1628. TRK595 15-30 Ci/mmol 
[N-methy/-SH]Flunitrazepam 

TRK590 30-60Ci/mmol 


[G-3H]Piperidine hydrochloride 
TRK.589 30-60 Ci/mmol 





2-Deoxy—o-[U-4C]giucose 
CFB181 300-350 mCi/mmol! 
._-[U-4C] Ornithine 
CFB180 >250 mCi/mmol 





['25]}lodinated protein A 
M108 30mCi/mg 
cAMP succinyl['5I]iodo TME 
IM106 >600 Ci/mmol 
cGMP succinyl[t5l]iodo TME 
IM.107 >600 Ci/mmol 


These are just a few of the many radiochemicals recently 
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The Radiochemical Centre 


Amersham 

The Radiochemical Centre Limited, Amersham, England. 
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Gircle No. 68 on Reader Enquiry Card. 


142 / katy! 78 


Nature 5 October 1978 


repie rig 












A pure ®-adrenergic agonis 


Bycroxyeeredincprewtens plf- 3H 
5-20C! [mmo] SA 
Ethanol, in dry ice. Send for new 
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Ligands Pamphlet. 


NEN, New England Nuclear 


549 Albany Street, Boston, Mass. 02118 
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{in Massachusetts and International: 677 ~482-9595} 
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Nature 
Binders 





Keep your copies of Nature protected in 
durable black PVC binders: 

* 20 plastic retention strips mean no loose 
parts, wire, or complex loading systems 

* title blocked in gold on spine 

* panel on spine for your own references 
Each binder is designed to take two 
volumes of Nature; three binders will 
serve for a year. 
















Prices (including postage): UK £3.00 each, three for £8.00 
Rest of World US $6.00, three for US $16.00 


Orders with correct remittance should be sent to: 
Nature, Circulation Department, Macmillan Journals Ltd, 
Brunel Road, Basingstoke. Hampshire RG21 2X5, England. 
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APPOINTMENTS VACANT 


THE 
UNIVERSITY OF LEEDS 
DEPARTMENT OF 
PLANT SCIENCES 


Applications are invited for the 
temporary fixed-term post of post- 
doctoral RESEARCH FELLOW to 
work with Dr L. D. Incoli on a 
project concerned with work on 
when and how cytokinins open 
graminaceous stomata. 


Ideally applicants should have 
been trained at the postgraduate 
level in research on phytohormones 
and should have research experi- 
ence in that field. Appointment is 
for one year in the first instance, 
renewable for up to a total of 
three years. Initial salary will be 
in the range £3,883 to £4,382 per 
annum (within the tA range of 
the scale for Research and 
Analogous staff). (Under review.) 

Applications, giving curriculum 
vitae and the names of two 
referees, should be sent by October 
§, 1978 to Dr L. D. Incoll. Depart- 
ment of Plant Sciences (Baines 
Wing), the University of Leeds, 
Leeds LS2 9JT, from whom further 
details may be obtained. Closing 
date for applications has been 
revised to October 20, 1978, in 
view of the fact that this advertise- 
ment did not appear in the journal 
at the appropriate time. 7073{A) 








THE UNIVERSITY 


OF LEEDS 
DEPARTMENT OF 
METALLURGY 


Applications are invited for the post 
of POSTDOCTORAL RESEARCH 
FELLOW in Photo-Emission Electron 
Microscopy to participate in a wide 
range of physical metallurgical work 
in the Department, with special 
emphasis on high temperature and de- 
formation phenomena, The successful 
applicant will be responsible for the 
organisation of work carried out on 
the Photo-Emission Electron Micro- 
scope together with the training of 


( associated technical staff and research 


students who will operate it, Candi- 
dates should have a Ph.D. in a rele- 
vant scientific or engineering field or 
be in the process of completing their 
thesis. Previous research experience 
involving electron microscopy and/or 
the use of vacuum equipment would 
be an advantage. 

Initia! appointment will be made at 
an appropriate point in the range 
£3,883 to £4,631 (under review) on 
the IA Scale for Research and Analo- 
gous Staff. 

Applications, with the names of 
two referees, should be sent to Pro- 
fessor J. Nutting, Department of 
Metallurgy, The University of Leeds, 
Leeds LS2 SIT by October 16, 1978. 

TIOTA) 





HERIOT-WATT UNIVERSITY 
RICCARTON 


MARINE SCIENCE UNIT 
INSTITUTE OF OFFSHORE ENGINEERING 
RESEARCH ASSOCIATES (THREE POSTS) 
Salary scale £3,384 to £4,882 (under review) 


RESEARCH TECHNICIAN 
Salary in range £2,688 to £3,720 (under review) 





Applications are invited for the above posts. The successful 
applicants would join a team investigating the nature, fate and 
effects of hydrocarbons and other pollutants in industrial 
effluents, shellfish and marine sediments, under programmes 
supported by industrial contract and research grants. 


Applicants for the Research Associate posts should have an 
honours degree in chemistry or biochemistry, preferably with 
experience in chromatographic (notably gc) techniques. Driving 
licence oe /or ability to dive (SCUBA) desirable but not 
essential. 


Applicants for the post of Research Technician should have 
appropriate educational qualifications in chemistry and 
experience in handling and maintenance of high resolution 
chromatographic equipment. 

Informal enquiries may be made to Dr C. S. Johnston, Director 
of the Marine Science Unit, telephone 031 449-51 11, Ext. 2382. 
Application forms are available from the Staff Office, Heriot- 
Watt University, Chambers Street, Edinburgh EH! 1HX, to 
whom the completed forms should be returned as soon as 
possible. 7323(A) 















(WASHINGTON OFFICE) (202) 737-2356 
itted to him at his absolut ute discretion 


MARY WADE 


* 


Microbiologist 
£2,839 - £6,898 


Applications are invited for a pensionable post in the Department of 
Agriculture's Agricultural and Food Bacterielogy Division, Newforge 
Lane, Belfast. 

The successful candidate will be expected to undertake research and 
investigational work connected with the microbiology of foods and 
may also be required to undertake lecturing duties in the Faculty of 
Agriculture and Food Science, Queen's University, Belfast. 
Appointment may be at Senior Scientific Officer, Higher Scientific 
Officer, Scientific Officer level. 

SENIOR SCIENTIFIC OFFICER 

Over 25 and under 32 years of age on 31 December 1978 with a 
tst or 2nd class Honours Degree in Microbiology, and at least 4 years 
appropriate postgraduate experience. 


HIGHER SCIENTIFIC OFFICER 
Under 30 years of age on 31 December 1978 with an Honours Degree 
as above and at least 2 years appropriate postgraduate experience. 
SCIENTIFIC OFFICER 
Under 27 years of age on 31 December 1978 with an Honours Degree 
as above. 
Exceptionally applications may be considered from candidates over 
the age limits who have specialised experience. 
The Civil Service Commissioners may decide to interview only those 
applicants who appear from the information available (including level 
of academic attainment) to be best qualified. 
SALARY SCALES 

Senior Scientific Officer — €5,154-£6,898 

Higher Scientific Officer —- €4,101-£5,448 

Scientific Officer — £2,839-£4,416 
Grading and starting salary will be related to qualifications and 
experience. 
Please write or telephone for an application form quoting job reference 
SB 359/78/N to the Civil Service Commission, Rosepark House, Upper 
Newtownards Road, Belfast BT4 3NR ftelephone Dundonald 4585 
Ext 257). Completed forms must be returned to arrive not later than 
19th October 1978. 7346(A) 





RNIRELAND 


M.R.C. CLINICAL RESEARCH CENTRE 
(Northwick Park Hospital) 
Watford Road, Harrow, Middx. HA1 3U J 


Technician required to operate and maintain a gas chromatography- 
mass spectrometry-computer facility in the Division of Clinical 
Chemistry. 


Applicants should have a primary interest in instrumentation and 
electronics and preferably have a general background in analytical 
chemistry. Previous mass spectrometry experience would be an 
advantage but is not essential, Minimum academic standard 
required would be an HNC in physies, chemistry or related subject. 


Salary within the range £3,615 to £5,034 incl. L.W. Application 
forms and job description from Mrs J. Tucker-Bull quoting 
reference 106/2/4004. Closing date October 20th. 


naa | 


THE UNIVERSITY OF 
BRITISH COLUMBIA 


Department of Chemistry 


POSTDOCTORAL RESEARCH 
POSITIONS 


Applications are invited from well qualified candidates for 
one or two year appointments as Postdoctoral Research 
Fellows in the following fields :-- 


Atmospheric photochemistry; Bioinorganic chemistry; 
Catalysis studies, diffusion and phase separation on 
surfaces; Catalysis using transition metal complexes; 
Chemical Oceanography; Development of New Synthetic 
Methods in Organic Chemistry; Electron impact and 
Photoelectron Spectroscopy including Auger and ESCA 
studies; Electron paramagnetic. ENDOR, NQR, Moss- 
bauer, microwave, electronic and LEED spectroscopies, 
Flash photolysis and Kinetic Spectroscopy; Fluorocarbon 
Chemistry; Homogeneous Catalysis; Immunochemistry of 
polysaccharides; Inorganic photochemistry and photo- 
physics; Kinetic theory of gases applied to aeronomy and 
space science; Lipid synthesis for NMR study of biomem- 
branes: Mechanism of Intercalation of layered Structures, 
Muonium Chemistry at TRIUMF: NMR and laser Raman 
spectroscopy of nuclear spin labelled nucleic acids; Non- 
linear optical effects in organic solids at low temperature, 
Nuclear magnetic resonance studies of molecular motion; 
Organic Solid State Reactions; Organometallic Chemistry; 
Oxidation, use of coenzyme models, general acid catalysis; 
Potential antiviral and antitumor compound synthesis; 
Quantum chemistry and Molecular Physics; Radiation 
chemistry and solvated electron studies; Synthesis and 
study of organic metals; Theory of molecular relaxation 
and transport properties; X-ray diffraction studies. 


The minimum stipend for the first year will be $11,100. A 
substantial number of Teaching Postdoctoral Fellowships, 
with a minimum stipend of $13,750, are also available. 
Killam Postdoctoral Fellowships, with stipends of $14,000, 
are open to students who have recently graduated and have 
shown superior ability on research and scholarship. 


Send curriculum vitae, transcripts, and letters from three 
referees to the undersigned, from whom further particulars 


may be obtained. 


Professor C. A. McDowell 
Department of Chemistry 
UNIVERSITY OF 
BRITISH COLUMBIA 
Vancouver, B.C. V6T 1WS 


CANADA 
TIKA) 
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AGRICULTURAL 
RESEARCH COUNCIL 
INSTITUTE OF 
ANIMAL PHYSIOLOGY 
BABRAHAM, CAMBRIDGE 
CB2 4AT 
RESEARCH SCIENTIST 


required in the Physiology Department 
to carry out research into biologically- 
active peptides and proteins (e.g. 
gastro-intestinal hormones, somato- 
medins, hypothalamic peptides}, 
their isolation, characterisation and 
mechanism of action. Salary in 
H.S.O. (£4,101 to £5,448 per annum) 
or S$.S.0. (£5,154 to £6,898 per 
annum) scale according to experience. 
Candidates should have first or upper 
second class honours degree in 
physiology or biochemistry, with at 
least two years’ relevant postqualify- 
ing experience. Preference for Ph.D. 
Non-contributory superannuation 
scheme. Applications to the Secretary 
of the Institute by October 30, 1978. 
Quote Ref. A.M.B.3. F299 A) 


THE POLYTECHNIC OF 
CENTRAL LONDON 


Bio-organic Research Group 
RESEARCH ASSISTANT IN 
MICROBIAL ENZYMOLOGY 

£3,015 to £3,189 


To work on the cellulose-degrading 
enzymes produced by bacteria. The 
successful candidate will join a small 
team of biotechnolagists working on 
the production and properties of 
cellulases. 

Applicants should have a good class 
degree in an appropriate subject and 
will be able to register for a higher 
degree. 

Further details and application 
form, which should be returned as 
soon as possible, from the Establish- 
ment Officer, P.C.L., 309 Regent 
Street, London WIR SAL (tel. 01-580 
2020, ext. 212). T300(A) 


INSTITUTE OF 
DERMATOLOGY 


(University of London) 
require a 


TECHNICIAN 


to work in the laboratories of the 
Professorial Unit. The successful 
candidate will work on the develop- 
ment and use of radioimmunoassays 
for pharmacological mediators related 
to inflammation in human skin. 
Preference will be given to applicants 
with experience in radioimmunoassay 
techniques. 

Applications, giving details of age, 
qualifications, experience and the 
names of two referees should be sent 
to Dr N. A. Plummer, Institute of 
Dermatology, Homerton Grove, 
London E9 6BX. T302(AS 





ROYAL MARSDEN 
HOSPITAL 
FULHAM ROAD, LONDON SW3. 
Medical Laboratory Scientific 
Officer-—Immunology 
£3,615 to £5,034 


Applications are invited from 
medical laboratory scientific officers 
experienced in tissue typing, for a 
post which is available immediately. 
The duties include screening and 
identifying HLA antibodies, typing of 
patients and potential donors for the 
bone marrow transplantation pro- 
gramme, and participation in regional 
and international workshop exchanges 
of antisera and information. New 
developments include the identification 
of B-cell antibodies and the applica- 
tion of these to studies in malignant 
disease. 

Application forms from Personne! 
Dept. Tel. 352 8171, ext. 447. Closing 
date: October 16, 1978. TIMA) 


THE CHINESE UNIVERSITY 
OF HONG KONG 
FACULTY OF MEDICINE 


Applications are invited for the 
following foundation chairs : 


ANATOMY 
PHYSIOLOGY 
PHARMACOLOGY 


tenable at this new medical school with 
an annual student intake of 100. There 
will be opportunities for original re- 
search but considerable undergraduate 
teaching experience is essential, Won- 
medically qualified candidates may 
apply but preference will be given to 
those medically qualified. Successful 
applicanis are expected to be in post 
latest end of 1980 or early 1981, to 
take part in compiling the basic 
medical sciences curriculum and instal- 
ling departmental facilities. Teaching 
will begin in the fall term of 1931. 
The minimum salary for Professorships 
will be HK§11,7358 per month 
(Fi=HKS9.2). Terms of service also 
include long leave, superannuation 
benefits (University 15%, appointee 
5°), housing accommodation on 
campus and air passages. Full particu- 
lars of the appointment, together with 
copies of relevant documents concern- 
ing the medical schoo] and the Uni- 
versity may be obtained from the 
Secretariat, The Chinese University of 
Hiong Kong Shatin, New Territories, 
Hong Kong, to which applications {6 
copies) giving full details of qualifica- 
tions and experience and the names 
and addresses of 3 persons to whom 
reference may be made should be sent 
not later than December 15, 1978. 
F251 AY 


Job Announcement? 


ARMAUER HANSEN 
RESEARCH INSTITUTE 
(A.H.R.D) 
INSTITUTE DIRECTOR 
(LEPROSY RESEARCH) 


The position of Institute Director 
will be available June 1, 1979 or 
earlier at the Armauer Hansen Re- 
search Lnastitute (AHRI), Addis Ababa, 
Ethiopia, AHRI undertakes basic re- 
search on the etiology, pathogenesis 
aad immunology of leprosy. The 
Institute was founded in 1969 and is 
operated by the Save the Children 
organisations of Norway and Sweden. 


The Institute is well-equipped for 
research within the areas of micro- 
biology and immunology, and is 
located at the AH Africa Leprosy 
Rehabilitation and Training Centre 
{ALERT} which makes it possible fo 
do clinically oriented studies on 
patients in ALERTS's hospital. The 
Institute stal consists at present of 
three senior researchers, a research 
assistant, two research fellows, a 
laboratory engineer, a lab technician, 
four lab assistants, a chief administra- 
tor, two secretaries and other per- 
sonnel—altogether 24 persons. 


The Institute Director is responsible 
for the operation of the Institute as 
well as leading the research work. 
Applicants should have well- 
documented background in micro- 
biological and/or immunological re- 
search, preferably a medical degree. 
although this is not an absolute re- 
quirement. Applicants normally must 
agree to a contract of at least two 
years. 

Further information concerning this 
position can be obtained from Pro- 
fessor Morten Harboe, Institute for 
Experimental Research, Uleval Hos- 
pital, Oslo 1, Norway. Telephone 
472/60 03 90. 

Applications accompanied by a 
curriculum vitae, a list of publications 
and personal references should be sent 
before November f, or within three 
weeks after the appearance of this 
announcement to REDD BARNA 
(Norwegian Save the Children}, 
Lilletorget 1, Oslo l, Norway. 

T301CA) 
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Promote Polaroid 
‘Medical Diagnostics Material 


and let Polaroid 
promote your career 


Home Counties c. £5,/00 plus car 


ime and equipment are among the leaders 
in the field of medical diagnostics Thea 
systems are used in the arees of computed 
deeb al ultrasound, nuctear medicine 
POETOE A E 
development of 


commutment to the 


products and sales in ths important market 
You will be in your 20's or sary 30's, 
educated to at leest ‘A’ level standard and 
with an appropnate technical background 
gained from radiography, nursing or a6 a 


You will also need the wail to sell and the Find out mores from David Wool! on 
ability to pass on uct knowledge Hartford (0992) 50641, or write to him for 
to Polaroids regu personnel an application form to 

Your work will aso involve you in the The Personnel People, 
sales of the whole range of Polaroids 96 Fore Street, 


Hetoni SGT SG151AS 


’ technical films and systems in a home 
counties based sales area. The expenence 
you wall gain will provide you with the key 
to the promotion in sales and marketing in 
this go ahead Company 

The opportunrbes for any woman or 
man are limrted only by thew ability and drive 

— Polaroid have a vested interest in your 
‘ success! On offer are first rate salary and car 
(Cortina 1600GL Estate), progressive 

relocation 


heresore 


The Personnel Consultants in 
Execute and Technical Recruitment 


8 








become an expert and advisor in the medica benefits, knowledge and London, Manchester, Hertford, Darı i 
apphcatons of the Company's products aserstance f approonate Edinburgh, Glasgow, Brussels, Dusseldorf 
T38i{A) 
UNIVERSITY OF GEORGIA UNIVERSITY OF CENTRO DE AGRICULTURAL 
ATHENS, GEORGIA SOUTHAMPTON INVESTIGACIONES Y DE RESEARCH COUNCIL 
Appleations are invited for the FACULTY OF ESTUDIOS AVANZADOS INSTITUTE OF ANIMAL 
post of MATHEMATICAL STUDIES ; PHYSIOLOGY, 
Mexico City, Mexico 
POSTDOCTORAL CHAIR OF BABRAHAM, CAMBRIDGE 
pomtions exist in the Depart- ? 
RESEARCH ASSISTANT OPERATIONAL ment of iMolocular CH2 4AT 
break- RESEARCH casors t 


OxXperseroe 
ee nore technique 
Salary in t range of £6,000 to 
£6,500 per annum plus Univermty of 


Georgia faculty benefits 


KINGSTON POLYTECHNIC 
SCHOOL OF GEOLOGY 
RESEARCH ASSISTANT 


to work on the sedimentology and 
Telated vulcanmity of the middle cara- 


docuan rocks ın Snowdonia, North 
Wales, A should have a good 
honours gree in Geology, including 


the teohnxjues used in seiimentol 
and structural geology, and sho 
preferably have some knowledge of 
roleanto 


The 
Pay to register for a higher degree 
range £2,910 to £3,084 per 


tons are invited for the 
Salary 


7331A) 


QUEEN CHARLOTTE'’S 
MATERNITY HOSPITAL 
Goldhawk Road, London, W6 
BASIC GRADE 
OR 


equipped, may be vistted by appoint- 


responsi 
bilities minimal; knowledge of Spanish 
m not n Applicants should 
possess a Ph D. currsculum vitae 
names of three references, synopsis of 
research and reprints to Dr fos Ruk 
Herrera, Depto de Genotica Bio- 
liopa Molecular, CIE A, del LPN, 
Apartado Postal 14-740, Merxco 14, 
DF. T281(A) 


ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts, ALS 23Q 


experience synthosz. 
ference will be given to oandidates 
with a PhD. a ebb pelea a 


font Of O. £5,448) 
Scientific Officer (£4,101 to £5 


Secretary 
October 19. pelican e 
A) 


required to jom group studying the 
structure and distmbution of antigen 
determinants in cell membranes and 
their role ın transport processos 
Applicants should have an interest in 
unmunology and preferably sa late 
in the preperation ami use of 

ugatod antisera, and/or analysis Pe 
giyooproteins erence will be given 


The appoimtment, 
by a grat franc the ME C is for 
years commencing as soon as 
Salary ın wale £4,101 to 
por annum to 
qualifications and experience, pplt- 
cations together with the names of 
two referees to the Secretary of the 
Institute from whom further mforma- 
ton may be obtamed. Ref EMT 6 

TISHA) 


MEDICAL LABORATORY 
SCIENTIFIC OFFICER 
(OR JUNIOR) 


post 
pply age and details of 
qualifications and experience to Dr 
M. G Brush, St Thomas’ Hospital 
Medical School, Lomion SEI 7EH 


xiv 


Medical Research Council 


Cell Biophysics Unit 


Appointment | 


of Director 


The present Director of the MRC Cell Biophysics Unit, Professor 
M. H. F. Wilkins, CBE, has indicated his wish to resign in the near 
future. The Council now wish to proceed to the appointment of 


a Director to succeed him. 


The Unit is accommodated in the Department of Biophysics, 
King’s College, London, with which it has a close relationship 
and shares a number of common facilities. The work of the Unit 
is to be centred on the biophysical, biochemical and structural 
study of the mechanisms involved in the contro! of cell shape 
and motility (currently with particular reference to the nervous 
system and to skeletal muscle) but this need not exclude any 
other aspects of research in cellular biophysics to take into 
account the Director's own interests. The person appointed as 
Director, who will be a full-time member of the Council's staff, 
must have an established reputation as a scientific investigator 
in a relevant field and the ability to play a leading role in initiating 
and managing research using a variety of disciplines and 
techniques. An appointment to the Council's staff will be in 
accordance with the Council's terms and conditions of service, 
with superannuation provision under the MRC pension scheme. 
The salary will be within the range for the Council's Special 
Appointments grade, which is ecuivalent to the university 
professorial range although, exceptionally, a higher salary might 


be agreed. 


Applications for the post are now invited from men and women, 
and should comprise a curriculum vitae, a list of publications, 
the names of 3 persons to whom reference might be made, and 
a short statement (not exceeding 500 words) outlining in 
general terms the scientific programme that the applicant would 
wish to undertake and indicating how it would relate to the 
central theme of the Unit's work. These details (12 copies) 
should be submitted not later than November 10, 1978 to the 


Secretary, Medical 


Research Council, 


20 Park Crescent, 


London W1N 4AL. Further information about the appointment 
and the Unit, including details of its present programme, may be 


obtained from Dr M. B. 
Kemp, at the same address 
(tel: 01-636 5422). The 
Council reserves the right to 
invite applications from 
persons other than those 
who respond to this adver- 
tisement. 7380 (A) 


THE UNIVERSITY OF 


BRITISH COLUMBIA 
DEPARTMENT OF 
ZOOLOGY 


Applications are invited for the 

sition of Assistant Professor in the 

partment of Zoology, University of 
British Columbia. Qualifications in- 
clude a Ph.D. in biology or a related 
field, with a demonstrated ability to 
teach introductory biometrics. The 
successful applicant will be expected 
to develop a strong experimental 
research programme. Upper level 
undergraduate teaching, and graduate 
student teaching and supervision is 
required. Salary will be commensurate 
with experience and duties. Curriculum 
vitae and the names of three referees 
should be submitted to Dr G. G, E. 
Scudder, Head, Department of Zoo- 
logy. University of British Columbia, 
2075 Wesbrook Mall, Vancouver, B.C. 
V6T IWS, Canada. The expected date 
of appointment is July 1, 1979, subject 
to budgetary approval. Closing date 
for application is when position is 
filled. T30S(A) 





‘Medical Research Council 


UNIVERSITY OF WARWICK 


RESEARCH TECHNICIAN 


The Department of Biological 
Sciences has vacancies in the Micro- 
biology Research Group for tech- 
nicians to work on the isolation and 
purification of enzymes from methane 
oxidising bacteria. 

Applications are invited from 
graduates and others with appropriate 
qualifications and experience in pio- 
chemistry and/or microbiology. One 
of the posts is for a contract period 
of 2 years. 

Salary will be cither on the 
Technician Grade 2 scale: £2,688 to 
£3,060 p.a. (both under review). 

Application should be made by letter 
giving full details of age, qualifica- 
tions, experience, etc, to the Personnel 
Office, University of | Warwick, 
Coventry CV4 7AL by October 13, 
1978. Flease quote Ref. No: 9/2D/78. 

T37HA) 
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UNIVERSITY OF GLASGOW 
POSTDOCTORAL RESEARCH 
ASSISTANTSHIP 


Applications are invited for a 
University Research Assistantship to 
be filled at postdoctoral level. The 
post is with a group studying the 
molecular biology of antibody forma- 
tion with emphasis on the application 
of recombinant DNA technology. Ex- 
perience in molecular immunology or 
eo ONENA DNA techniques is desir- 
able. 

The position is 
October 1, 1978. 

Salary will be within Range tA of 
the salary scales for Research and 
Analogous Staff (£3,883 to £6,555, 
under review) with appointment at a 
point appropriate to age and experi- 
ence. 


available from 


Application with curriculum vitae | 


and names of two referees should be 
sent aS soon as possible to Professor 
A. R. Williamson, Department of 
Biochemistry, University of Glasgow, 
Glasgow G12 8QQ. 

In reply please quote Ref. No. 
4248M. TIANA) 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 
HISTOLOGY AND CELL 
BIOLOGY (MEDICAL) 
SENIOR RESEARCH 
ASSISTANT 


Applications are invited for the 
above post to join a group studying 
the interrelationships between the cell 
surface, the cytoskeleton and the 
extracellular matrix. Experience or 
an interest in electronmicroscopy will 
be an advantage. The appointment 
will start as soon as possible and in 
the first instance will be for one 
year only. 

Initial salary £3,883 or £4,133 per 
annum. 


Applications, together with the 
names of two referees, should be 
received not later than October 20, 


1978, by the Registrar, The Univer- 


sity. P.O. Box 147, Liverpool 1.69 
3BX. Quote Ref: RV/947/N. 
TIATA) 


NEWCASTLE UNIVERSITY 


HOSPITALS 
ROYAL VICTORIA INFIRMARY 
NEWCASTLE UPON TYNE 


POSTDOCTORATE 
SCIENTIFIC OFFICER 


required for three year project con- 
cerned with clinical and experimental 
study of cellular immunology in 
lymphoproliferative disease. The post 
is available immediately and will be 
run in Department of Haematology, 


in the main Newcastle teaching 
hospital. 
Previous laboratory experience in | 


cellular immunology tissue culture or 
serology is essential. 

Starting salary £4,130. 

Contact Dr S. J. Proctor, Depart- 
ment of Haematology, Royal Victoria 


Infirmary, Newcastle upon yne 
{telephone 25131, extension 7) 
T348(A) 


KINGSTON POLYTECHNIC 
SCHOOL OF CHEMICAL AND 
PHYSICAL SCIENCES 


RESEARCH ASSISTANT 


Applications are invited from can- 
didates with a good honours degree in 
or including Physics, to study the 
ultrasonic production of cavitation 
and its effects on living cells. The 
successful applicant will be expected 
to register for a higher degree. 


Salary range £2,910 to 
inclusive. 
Application forms and further 


details from Academic Registry, Dept. 
AO, Kingston Polytechnic, Penrhyn 
Road, Kingston upon Thames KT] 
2EE. Tel: 01-849 1366. T367{A) 


£3,084 


Re-advertisernent 
SHEFFIELD CITY 
POLYTECHNIC 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


RESEARCH ASSOCIATE 
IN 


BIOLOGICAL SCIENCES 

_ Salary Scale: £4,101 to £6,558 

This is one of two posts of Research 
Associate created in the Polytechnic to 
provide leadership and direction of 
research in specific areas. The research 
activities of the Department are con- 
centrated mainly in the areas of Micro- 
bial Biochemistry, Animal Physiology 
and Biochemistry. 

Applicants must be well qualified 
and experienced in one of the above 
areas and. have previous experience of 
research supervision. Recent industrial 
experience would be advantageous. 

The appointment is for a fixed period 
of three years, 

Requests for an application form in 
writing only please to the Recruitment 
Section of the Personnel Department, 
Sheffield City Polytechnic, (Dept. NA), 
Halfords House, Fitzalan Square, Shef- 
field S1 2BB. Completed forms should 
be returned by October 20, 1978. 





7324(A) 
UNIVERSITY OF 
SOUTHAMPTON 
LABORATORY 
TECHNICIAN 
(Physiology) 
Applications are invited for an 
appointment as a Laboratory Tech- 
nician (Physiology) in the Neuro- 


physiology Group of the School of 
Biochemical and Physiological Sciences, 


The successful applicant will be 
required to assist in the running of 
Physiology undergraduate and post- 


graduate (M.Sc.} practical classes and 
with maintenance and operation of the 
relevant laboratories. Duties will 
inchide some technical support for 
research in Neurophysiology and allied 
disciplines. 

Minimum qualifications: O.N.C./ 
O.N.D. or equivalent with three years 
relevant experience. The appointment 
will be made at grade three on salary 


scale £2,688 “to £3,060 per annum 
(under review). 
Applications giving date of birth, 


qualifications and experience and the 
names and addresses of two referees. 
should be sent to Mr C. N. Saull, The 
University, Southampton SO9 45NH 
quoting reference number 482/T./Na. 
T337(A) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF 
OBSTETRICS 


AND GYNAECOLOGY 
RESEARCH ASSOCIATE 

Applications are invited for a post 
of Research Associate (preferably post- 
doctoral) to join an M.R.C. Pro- 
gramme Grant Project team investi- 
gating urinary enzyme excretion in 
normal and complicated pregnancies. 
Candidates should have a higher quali- 
fication and previous experience in 
enzyme biochemistry, preferably in 
relation to renal metabolism. The post 
is available for up to five years. Com- 
mencing salary within the range £4,130 
io £5,506 per annum on the National 
Range 1A scale. Membership of the 
appropriate University Superannuation 
Scheme will be required. i 

Applications giving full curriculum 
vitae and the names and addresses of 
two referees should be submitted to 
De J. M. Davison, Princess Mary 
Maternity Hospital, Newcastle upon 
Tyne NE2 3BD within three weeks of 
the appearance of this advertisement. 

7321A) 
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Nature Conservancy Council 


SCIENTIFIC/HIGHER 
SCIENTIFIC OFFICER 


SALARY SCALE 
Scientific Officer - ~ - £2,839 - £4,415 
Higher Scientific Officer - £4,101 - £5,448 


Applications are invited for the post of Scientific Officer/ 
Higher Scientific Officer in the Nature Conservancy Council 
Geological Conservation Review Unit Based at Newbury, 
Berkshire. 


The geological work of the Nature Conservancy Council includes the 
identification and conservation of those localities that are essential to 
the continued study of geology and physiography: the provision of 
advice and dissernination of knowledge, both within and outside the 
NCC: and liaison with interested bodies and individuals. The duties 
do not include gealogical and geomorphological research. 


THE POST 

The Unit is responsible for the preparation of the Geological Conserva- 
tion Review. The successful candidate will act as Assistant Head of the 
Unit, taking special responsibility for the localities of Quaternary 
interest. He/she will be liable, however to secondment to the G & P 
Section specifically dealing with case work, advisory duties and liaison 
related to the conservation of localities of Quaternary interest. 


AGE AND QUALIFICATIONS 


All candidates should have a first or good second class honours 
degree, or equivalent in Geology and/or Physical Geography with 
- special emphasis and interest in Quaternary studies, A knowledge of 
photography is desirable, 


SCIENTIFIC OFFICERS: Candidates should be under 27 years of age. 


HIGHER SCIENTIFIC OFFICERS: Candidates should be under 
30 years of age and have at least two years relevant post-graduate 
experience. 


A current driving licence is essential. 

Application forms and further details are available from Recruitment 
Section, Nature Conservancy Council, Godwin House, George Street, 
Huntingdon, Cambs, PE18 6BU (Tel: 0480 56191}. 


soang date for completed application forms is 3 November 1978. 
7280 (A) 





Tropical Products Institute, London 


Food Technologist 


m Investigate preservation methods of fish 
and meat in tropical countries W Concentrate 
on utilisation of fish waste and animal by- 
products of tropical origin W Occasional 
participation in overseas projects. 

3 Degree or equivalent in appropriate discipline 
|: Proven research experience and ability to work 
independantly essential ©) Overseas experience an 
advantage | Age normally under 32 0} Appoint- 
ment as Senior Scientific Officer (£5620-£7 360) 
or Higher Scientific Officer (£4560-£5910) 
according to qualifications and experience () Ref: 
SA/90/TD. 

B Application forms (for return by 26 October 1978) 
from Miss C. A. Hail, Tropical Products Institute, 
127 Clerkenwell Road, London ECIR 5DB. „34 (A) 









NEW ZEALAND 


Ministry of Agriculture 
and Fisheries 


Agricultural Research Division 


A vacancy exists in the Agricultural Research Division for the 
position of Director of the Ruakura Anima! Research Station. 
Ruakura is adjacent to Hamilton, a city of approximately 90,000 
located 80 miles south of Auckland. 


DUTIES: 

Responsible for the operation and. administration of the Ruakura 
Animal Research Station. The Station studies. general principles. _ 
of animal production and develops practices aimed at increasing 
the efficiency of conversion of feed stuffs (predominantly grazed 
pasture) to meat, milk and wool. Attention isgiven also to diseases 
such as facial eczema, bloat, ryegrass staggers and other metabolic 
disorders related to management of ruminants on pasture. 


QUALIFICATIONS: 
Ph.D. with associated degrees in agriculture and/or veterinary 
science. 


The salary payable will be in accordance with qualifications and 
experience, within the New Zealand. Public Service Salary Scales. 







Application forms and general informa on are available from the 
New Zealand High Commission, New Zee juse, Haymarket, 
London SW1Y 4TQ, or the New Zea ission, 
Commonwealth Avenue, Canberra A.C. Pe ‘Australia or the 
New Zealand High Commission, Suite 80 commonwealth 
Building, 77 Metcalfe Street, Ottawa, Ont. K1P5L6, Canada. 


When making enquiries from the Chief Migration Officer, New 
Zealand House, Haymarket, London Swiy AT. please quote 
reference Imm 2/14/89. a oi 


Closing date for applications November 13th 1978. 
. TISH AI 
























Coventry 
FACULTY OF APPLIED SCIENCE 


TEMPO RARY LECTURER 
GRADE |I IN 
M ICRO OBIOLOGY 


(This post is available for one year only) 


arannana: 








Experience required in general misroblolegy, including a 
familiarity with basic microbiological techniques and the 
bread groupings of prokaryotes and eukaryotes; some 
experience in medical microbiology would be useful, 


Applicants should possess a degree with relevant 

| experience in teaching and/or research or professional 

| practice in an appropriate field. A higher degres will he 
an advantage. 


Salary: £4,101 — £6,558 p.a. 


For application forms and further particulars please 
| apply in writing enclosing a ‘oelscap stamped and | 
addressed envelope to the Personnel Officer, Lanchester | 
Polytechnic, Priory Street, Coventry GVI SFE | 
returnable by 16th October, 1978. 
TASTA) 


xvi 


The University of British Columbia 


DEPARTMENT OF 
CHEMISTRY 


Applications are invited from candidates with teaching 
and research interest in any aspect of INORGANIC 
CHEMISTRY BIOLOGICAL IN- 
ORGANIC CHEMISTRY for an appointment at the 


Assistant Professorship level. 


including 


Applications consisting of a curriculum vitae, a list 
of publications and the names and addresses of three 
referees should be sent to the undersigned before 
December 31, 1978. This post is open to both male 


and female applicants. 


Professor Charles A. McDowell 
Department of Chemistry 
University of British Columbia 
2075 Wesbrook Mall 
Vancouver, British Columbia 


Canada, V6T LWS5 
F313(A) 





SCIENTIFIC EDITOR 


PHARMACEUTICAL RESEARCH AND 
NEW PHARMACEUTICAL PRODUCTS 


We publish Scrip World Pharmaceutical News, the leading 
international pharmaceutical industry weekly business maga- 
vine. Following the promotion of the present editor to a new 
post, we wish to appoint a scientific editor who will be respon- 
sible for reporting on international pharmaceutical research 
and new drug development and marketing. 


QUALIFICATIONS: A good degree in pharmacy, pharmaco- 
logy or biochemistry; A knowledge of one or more Euro- 
pean language(s) would be an advantage; and experience 
of technical medical writing. 


THE WORK: To write comprehensively about all aspects of 
research and marketing of new medical products around 
the world using a wide range of information sources m- 


cluding attending international conferences. 


EXPERIENCE: We are looking for someone who is able to 
analyse and review medical data and has experience of 
technical writing. He or she may have worked either for 
a technical medical publication, in a pharmaceutical com- 
pany’s technical information department, or in a univer- 
sity or government department. 


THE SALARY: Dependent on experience and qualifications: 
We will pay the right person a competitive salary to what 
he/she is currently earning. 


If you would like to be considered for this key position in our 
team of writers please write, in confidence, giving details of 
yourself and your career to date to: 


Dr P. J. BROWN 

P. J. B. PUBLICATIONS LTD. 
53a GEORGE STREET, 
RICHMOND 

SURREY TW9 IHE. 


7290A} 
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NEWCASTLE UPON TYNE 


POLYTECHNIC 
DEPARTMENT OF 
MATHEMATICS, STATISTICS 
AND COMPUTING 
RESEARCH ASSISTANT 


To investigate ‘Mathematical Model- 
ling of Nozzle Blockage’. The success- 
ful candidate will join a research group 
which is active in the field of mathe- 
matical modelling and will undertake 
a research project concerned with the 
mathematical modelling of the forma- 
tion of crusts on the inside of nozzles 
through which molten metals are being 
poured. Particular emphasis will be 
given to the problem of nozzle block- 
age. The project is being carried out 
in collaboration with the British Steel 
Corporation. The Research Assistant 
will be encouraged to register for a 
higher degree. 

This appointment offers a salary of 
£3,162 to £3,555 per annum and is 
initially for two years. 

For further particulars and applica- 
tion forms, returnable by Thursday, 
October 19, 1978, please send a 


stamped addressed foolscap envelope 


to the Staffing Officer, Newcastle upon 
Tyne Polytechnic, Ellison Building, 
Ellison Place, Newcastle upon Tyne 
NEL 8ST. F325(A) 


DALHOUSIE UNIVERSITY 


Halifax, Nova Scotia 
DEPARTMENT OF ANATOMY 
Position Open: 


PROFESSOR OR 
ASSOCIATE PROFESSOR 


Applications are invited from persons 
with an M.D. or Ph.D. degree for the 
above position which will be available 
July 1, 1979. Experience in teaching 
medical Gross Anatomy and an estab- 
lished research program are required. 
Duties may also include the teaching 
of Anatomy to Medical, Dental, 
Health Professional and/or Science 
students and an ability to teach Neuro- 
anatomy or Histology would be an 
advantage. Salary and rank com- 
mensurate with qualifications and €x- 
perience. Applications, together with 
curriculum vitae and the names of 
two referees should be addressed to 
Dr D. G. Gwyn, Head, Department of 
Anatomy, Dalhousie University, Heli- 
fax, Nova Scotia, Canada B3H 4H7. 

TILAA} 





THE UNIVERSITY 
OF BIRMINGHAM 
DEPARTMENT OF 
CLINICAL GENETICS 
LECTURESHIP IN 
HUMAN GENETICS 


Applications are invited for the post 
of Lecturer (Non-clinical scale) in 
the Department of Clinical Genetics. 

The successful candidate will work 
in the Infant Development Unit of the 
Birmingham Maternity Hospital in the 
Queen Elizabeth Medical Centre, adja- 
cent to the University campus. The 
Unit has teaching, research and N.H.S. 
service commitments primarily in the 
fields of clinical genetics, population 
genetics, chromosomal mapping, com- 
plement typing, the interpretation of 
pedigree data by numerical methods, 
and the computational problems associ- 
ated with transplantation. The Unit 
is associated in its work with the 
tissue typing and regional cytogenetics 
laboratories, and with the Universities 
of Iceland and Newfoundland. 

Applicants should have a post- 
graduate degree or, if medically auali- 
fied, membership of a Royal College. 

Salary Scale: Non-clinical; £3,883 to 
£7,754 per annum plus superannuation. 

Applications naming three referees 
should be sent to the Assistant Regis- 
trar, the Medical School, Birmingham 
B15 2T] not later than November 18, 
1978, quoting reference number LEC/ 
CG/t78. Further details may be 
obtained fram Professor J. H. Edwards, 
Infant Development Unit, Birmingham 
Maternity Hospital, Birmingham BIS 
ZTG. T3Y7(A) 
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UNIVERSITY OF READING 
POSTDOCTORAL 
RESEARCH ASSISTANT 
GEOCHEMIST 


required as soon as possible, for a 
fixed term to be determined, for 
research on volatiles in magmas and 
minerals. The project funded for 
three years by the N_E.R.C. is super- 
vised by Professor D. K. Bailey and 
is to apply new techniques to the 
extraction and analysis of gases from 
glassy lavas, and volatile-bearing 
minerals, with the aim of elucidating 
igneous and ore-forming processes. 
Applicants should already have a 
doctorate (or be submitting a thesis) 
in geochemistry. Experience in experi- 
mental petrology, mass spectrometry, 
or gas chromatography will be an 
advantage. Salary £3,883 per annum 
pius U.S.S. superannuation. Apply 
quoting Ref. M.N. 48A by November 
6, with curriculum vitae and the 
names of two referees to Assistant 
Bursar (Personnel), University of 
Reading, Whiteknights, Reading RG6 
ZAH. TIKA) 


UNIVERSITY OF 

STRATHCLYDE 

PROFESSOR OF 
FORENSIC SCIENCE 

Applications are invited from sujt- 
ably qualified and experienced candi- 
dates for appointment to the newly 
established Professorship in Forensic 
Science. 

Applicants should have substantial 
experience in one or more of the 
major aspects of Forensic Science, 
and be capable of directing post- 
graduate teaching and research as well 
as contributing to casework studies. 

The post will be remunerated within 
the professorial range for universities 
with superannuation benefit. 

Application forms and further par- 
ticulars {quoting 48/78) may be ob- | 
tained from the Registrar, University 
of Strathclyde, Royal College Build- | 
ing, 204 George Street, Glasgow G! 
IXW, with whom applications should 
be lodged by November 8, 1978. 

TISHA) 





BRITISH POSTGRADUATE 
MEDICAL FEDERATION 
(University of London) 


Geoffrey E. Duveen Fund 
FOR THE PROMOTION OF 
RESEARCH IN OTOLOGY 


Applications are invited for support 
from the Geoffrey E. Duveen Fund 
for research in aspects of Otology and 
Neuro-Otology. Funds, which will be 
available during 1979/80, may be used 
either for:— 

(a) A Junior Fellowship, to be called 
the ‘Geoffrey E. Duveen Fellow- 
ship’, normally tenable in a 
School of the University or an 
Institute of the British Post- 
graduate Medical Federation forj 
a period of one year, with a 
possible extension for a> second 
year. The stipend will be within 
the annual range of £3,600 to 


+ WF x 


or 

(b) To provide financial assistance 
in the form of grants towards | 
technical assistance or the ex- 
penses of appropriate research | 
conducted in Schools of the! 
University or Institutes of the, 
Federation. 

Applications should be sent to the | 
Director, British Postgraduate Medical . 
Federation, 33 Millman Street, Lon- 
don WCIN 3EJ, by October Jh, 1978.) 
Applicants under (a) should. submit at 
full curriculum vitae, details of the} 
research proposed and the names and } 
addresses of two referees. Applicants | 
under (b) should submit particulars of! 
the project for which they require: 
financial assistance and details of the; 
cost of technical assistance or equip 
ment required. A 
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For more detailed information please 
sexxl your inguiri 
giren above. TIENAA) 





ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts. ALS 2JQ 
ENTOMOLOGIST 


atso expected to y 
the biology, behaviour and ecology of 
Ker k a E 

to t tegra 
oontrol es 


assot. 
Àppolrtment in o a 
Seiti Om Ta 1 to £5,448 per 
Sentor Scientific Officer 


annm) 
(£5,154 to £6,898 per annum), depend- 
on experience, At least four years' 


required for Senior Sclentific Officer 
Now-contri nation 

Apply in g to the Secretary 
giving name addresses of two 


refere and quoting Ref. 371 by 
October 77, 1978 Further details on 
reqrrent TI26L{A) 


THE UNIVERSITY 
OF HULL 
DEPARTMENT OF 
ZOOLOGY 
CHAIR OF 
APPLIED ZOOLOGY 
are invited for the 


the. 
‘Hons are invited persons who 
their scien pene 
would provide the or new 


Infttal salary will be not lems 
OMS po anan pe PASU PUSS: 
banedite. 


GSIRO | 
AUSTRALIA | 


Plant Breeder 
Research Scientist or 
Postdoctoral 
Research Fellow 


Division of Horticultural 
Research 


CSIRO has a broad charter for research into primary and secondary industry areas. 
The Organization has approximately 7,000 employees—2,200 of whom are 
research and professional scientists—Jocated in Divisions and Sections throughout 
Australia. 


Field: Salinity Research 


Location: 


The Division has laboratories at Adelaide, South Australia (Headquarters) and 
Merbein, Victoria. The successful appointee will be located at the Merbein 
laboratory. 


General: 

The Division is concerned with research on a range of perennial horticultural plants 
(deciduous and evergreen) from both temperate and subtropical regions. Current 
programs include studies on the management and genetic improvement of 
grapevines and fruit trees and of plant viruses and plant parasitic nematodes. 
Research in plant physiology, biochemistry and cytology relates to photosynthesis, 
salinity and plant and fruit development 


Duties: 

To develop and select salt tolerant crop lanei in collaboration with plant 
physiologists. Experimentation would involve annuals as well as perennial 
horticultural species. 


Qualifications: 

A Ph.D. degree in plant breeding and genetics, or equivalent qualifications. 
Salary: 

Research Scientist or Senior Research Scientist: $A14,829 to $A21,643 p.a. 
Tenure: 


Either: (i) an indefinite appointment as Research Scientist; or (ii) a fixed-term 
appointment as Postdoctoral Research Fellow, may be negotiated. Both carry 
Superannuation benefits. 


Applications IN DUPLICATE, stating FULL personal and professional detalls, 
the names and addresses of at least two professional referees, and QUOTING 


REFERENCE NUMBER 491/49 should reach: 
The Personnel Officer, 

Australian Scientific Liaison Office, 

Canberra House, 

Maltravers Street, 

LONDON 

WC2R 3EH, 


Applications in U.S.A. and Canada should be sent to: 

The Counsellor (Scientific), 

Embassy of Australia, 

1601 Massachusetts Avenuo, N.W., 

WASHINGTON D.C. 20036, 

U.S.A > 7378(A) 


by 4th NOVEMBER 1978. 


xviii 
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NEW ZEALAND 


Ministry of Agriculture and Fisheries 


SCIENTIST 


Levin Horticultural Research Centre 
(Vacancy No. 5560) 


Salary payable depending on qualifications and experience, up to 
N.Z. Dirs1 9642 p.a. 


DUTIES: 

A permament position is available in the Ornamentals and 
Glasshouse Section for applied Research on Food or Ornamental 
Crop Production. 


QUALIFICATIONS REQUIRED: 

An honours degree or a higher degree in Horticulture or Science 
with experience in research, extension or commercial! production 

of either Greenhouse or Nursery Crops, together with proven ability 
in research, communication and co-operation in a small research team. 


SCIENTIST 


Hastings Horticultural Research Station 
(Vacancy No. 5559) 


Salary payable depending on qualifications and experience up to 
N.Z. Dlrs1 9642 p.a. 


DUTIES: 
Officer in charge, responsible for the Ministry’s Research 
Programme on Crops for processing in the Hastings District. 


QUALIFICATIONS: 
Honours degree or Phd in Horticulture, Agriculture or Plant Science. 


Passages and incidenta! Expenses. Consideration may be given to 
providing assistance with passages and incidental expenses. 


Applications with full details of age, experience and family 
should be sent to .-- 


The Chief Migration Officer, 
New Zealand House, 


Haymarket. 
LONDON SW1Y 4TQ 


You should quote reference Imm 2/320/15 and the Vacancy 
number in your application. 


Closing date for application 17th November, 1978. 
7336{(A) 


SOUTH GLAMORGAN HEALTH AUTHORITY (T) 
UNIVERSITY HOSPITAL OF WALES 


SCIENTIFIC OFFICER 


DEPARTMENT OF HAEMATOLOGY 


A graduate is required to take part in the biochemical 
investigation of abnormalities in iron metabolism and erythro- 
poiesis. Duties will include the use of spectrophotometric, 
atomic absorption and immunoradiometric assay techniques. 
The person to be appointed should have an interest in develop- 
ing a career in hospital laboratory medicine. 


The appointment is on the Basic Grade Scientific Officer 
scale £2,991 to £4,899. 


Application forms from: Personnel Department, University 
Hospital of Wales, Heath Park, Cardiff. Tel: 0222 755944. 


Further particulars may be obtained from: Mr B. Jones, 
Department of Haematology, University Hospital of Wales, 
Heath Park, Cardiff. Tel. (0222) 755944 ext. 2372. Closing 
Date: October 20, 1978. T361(A) 





ST GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

TECHNICIAN 5 


Experienced Technician 5 required 
to work mainly as personal assistant 
to Professor P. N. Dilly, Department 
of Structural Biology, without close 
supervision in all aspects of the fields 
of transmission and scanning electron 
microscopy and photography. A 
knowledge of histological techniques 
would be an advantage. Emoluments 
range £3,461 to £3,995 per annum. 
Application forms available from the 


Establishment Officer, St. George's 
Hospital Medical School, Cranmer 
Terrace, London SWI? ORE. 

7334(A) 


THE UNIVERSITY OF 
PAPUA NEW GUINEA 
(Port Moresby} 


Applications are invited for the 
post of LECTURER in PHYSIOLOGY 
in the DEPARTMENT OF HUMAN 


BIOLOGY tenable from January 
1979. The Department of Human 
Biology teaches preclinical basic 


medical sciences to second and third 
year medical students. The Depart- 
ment teaches an integrated programme 
of courses comprising human struc- 


ture, physiology and  neurophysio- 
logy. biochemistry and pharma- 
cology. Applicants should have a 


higher degree in science or medicine 
and have experience in teaching 
physiology to medical students. Ex- 
perience in teaching in a developing 
country would be an advantage. 
Salary: Lecturer K9,048 to K14,218 
per annum (£1 Sterling equals K1.35). 
In addition, an allowance of K1,300 
if single is payable. An extra K1,000 
Marriage Allowance and K156 per 
child Child Allowance may also be 
payable, Conditions include provision 
of housing; annual leave fares; study 
leave and F.S.S.U. In some cases it 
may be possible to make an appoint- 
ment on secondment. Detailed appli- 
cations (two copies) with curriculum 
vitae and also naming three referees, 
with a small photograph, to be sent 
direct to the Secretary, University of 
Papua New Guinea, Box 4820, Papua 
New Guinea by November 3, 1978. 
Applicants resident in the UK should 
also send one copy to Inter-University 
Council, 90/91 Tottenham Court 
Road, London WIP ODT. Further 
details may be obtained from either 
address. T335(A) 





THE BRITISH COUNCIL 
INVITES APPLICATIONS FOR 
THE FOLLOWING POST 


TEACHER OF 
SILVICULTURE 
TEACHER OF BOTANY 
(Iran) 


Higher School of Natural Resources, 
Gorgan. To teach up to B.Sc. level, 
give practical instruction, set and 
mark examinations, assist with cur- 
riculum development. Degree plus 
postgraduate diploma or preferably 
M.Sc. in forestry or related subjects 
and at least two years’ relevant 
teaching experience. Candidates, men 
only, should be single or married with 
: maximum of two children under 
ve, 

Salary: £5,750 to £7,048 per annum 
tax-free. 


Benefits: Personal and children's 
allowances; free furnished accom- 
modation: baggage allowance. One 


year contract, renewable. 

Return fares are paid. Local con- 
tracts are guaranteed by the British 
Council. Please write briefly stating 
qualifications and length of appro- 
priate experience, quofing reference 
number 77 HO 40 & 42, and title of 
post, for further details and applica- 
tion form to The British Council, 65 
Davies Street, London WILY 2AA. 

T346(A) 


LONDON SCHOOL OF 
HYGIENE AND 

~. TROPICAL MEDICINE 

(University of London) 


Keppel Street, WCIE 7HT 
CLINICAL NUTRITION AND 
METABOLISM UNIT 
4 St Pancras Way, NW! 2PE 


A MEDICAL LABORATORY 


SCIENTIFIC OFFICER 


is required up to September 30, 1981 
to work on the regulation of protein 
synthesis and breakdown in rats and 
man. Candilates should preferably be 
graduates in biochemistry or hold 
equivalent qualifications. Inclysive 
salary, depending on qualifications 
and experience, rises to a maximum 
of £4,284. Applications, consisting of 
full career and education details and 
naming two referees, should be sent 
to Dr P. J. Garlick at the Unit. 
7332A) 


LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE 
(Uinversity of London) 


Keppel Street, WCIE 7HT 
DEPARTMENT OF 
MEDICAL PROTOZOOLOGY 


LECTURESHIP 


A new post has been created for — 


the study of the 
protozoal infections of mucous sur- 
faces. Applicatiogs are invited from 
Suitably qualified candidates. 

The person appointed will be ex: 
pected to participate in the general 
teaching of the Department and the 
supervision of higher degree students 
as well as to undertake an active 
research programme. An ability to 
attract outside support for the research 
work will be an advantage. 
will be on the “interim” scale for 
lecturers, ranging from £3,883 to 
£7,754 plus £450 London Allowance. 
Further details of the appointment 
may be obtained fron? Professor 
W. H. R. Lumsden. Application forms 
may be obtained from the Dean at 
the School and should be returned to 
him by November 16, 1978. 

T33S(A) 


immunology of 


QUEEN MARY COLLEGE 


(University of London) 
DEPARTMENT OF PLANT 
BIOLOGY AND MICROBIOLOGY 


A Grade 3 and a Grade 5 


TEACHING/RESEARCH 
TECHNICIAN 


required to work in a Molecular 
Genetics group headed by Professor 
E. A. Bevan. The main research in- 
terests of the group are concerned 
with viral infections and cytoplasmic 
organelle genetics in yeast. The teach- 
ing duties involve assisting in the 
preparation of laboratory classes, 
especially those dealing with aspects 
of Microbial and Molecular Genetics. 
Some experience in handling micro- 
organisms, biochemical ; 
including ultra-centrifugation 
niques, would be useful. 
Minimum qualifications, Grade 3 
O.N.C. and Grade H.N.C. or egui- 
valent. Salary scales £2,688 to £3,060 
per annum and £3,186 to £3,720 per 
annum respectively and in both cases 
plus £465 per annum London Weight- 
ing. 5-day week, 4 weeks annual leave 
plus a week at Christmas and Easter 
which includes the public holidays. 
Letters only to Assistant Secretary 
(Establishment), PB/DM, Queen Mary 
College, Mile End Road, London 
Ei 4NS, stating age, 
qualifications and which post applied 
for. Closing date: October 11, 1978. 
T375(A) 


tech- 


Salary | 


separation || 


3. 


È 


experience, 
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THE GRASSLAND 
RESEARCH INSTITUTE 
Hurley, Maidenhead 
Berkshire ` 
SYSTEMS ANALYSIS 


IN AGRICULTURE 
The Institute is seeing an oficer to 
devalop and apply Bite techniques of 
mathematical 


Grassland 
mant aided by tho 
and is amoctated with 
uk ONE oe ee 
grado, 
SALARY: H.S.0 POTTO aaa 
880 E5134 to 26,88, grade 
starting salary depend p= 


QUALIFICATIONS A 
Upper second class arak degree or 


the equivalent in te 
gubjest and at leant too pear’ evant 
poat-qualifymg ence 

A. mimimum of four yoars’ relevant 


WELSH NATIONAL SCHOOL 
OF MEDICINE 
(University of Wales) 

K R.U F. INSTITUTE OF 
RENAL DISEASE 
CARDIFF ROYAL INFIRMARY 


( 
/14). Further information avali- 
from Mr J. 


Salaman, FRCS - 


(Tel: Cardiff 492233.) TISSA) 


VETERINARY PATHOLOGY 


; to be remponsible f 
ake a and Gone or 
eterinary 


The position may be filled ether on 
a tenured basis, or in the first mstance, 


re assed or m certain casos 





CSIRO 
AUSTRALIA 


Research Scientist 


Division of Building Research 
Highett, Victoria 


CSIRO has a broad charter for research into primary and secondary industry 
areas. The Organization has approximately 7,000 employees—2,200 of whom are 
research and professional scientists—located in Divisions and Sections 
throughout Australia. 


Field: Microbiology/Mycology 


Duties: 

To form part of the Division’s multidisciplinary Conservation and Biodegradation 
Section by conducting research on both fundamental and applied levels into 

the fungal decay of preservative-treated and untreated wood and other diverse 
structural materials. The work includes the development of contro] mechanisms, 
chemical, physical or biological; the physiology and ecology of biodeteriogens 
and their mechanisms of degradation; and some fungal taxonomy. The candidate 
should have a sound mycological training and background, and will be expected 
to: work both as an individual researcher and as a member of a research team. 


Qualifications: 

A PhD degree in mycology/microbiology, agricultural science, biochemistry, or 
other relevant discipline and previous research ability. Preferably the applicant 
should possess a sound working knowledge of biochemistry as an addition to 
his major area or expertise in mycology. 


Salary: 
Research Scientist or Senior Research Scientist: $414,829-$A21,543 p.a. 


Tenure: | 
indefinite with superannuation. 


Applications IN DUPLICATE, stating FULL personal and professional details, 
the names and addresses of at least two professional referees, and QUOTING 
REFERENCE NUMBER 390/627 should reach :— 

The Personnel -Officer, 

Australian Scientific Liaison Office, 

Canberra House, 

Maltravers Street, 

LONDON WC2R 3EH 


by 4th November 1978. 

Applications in U.S.A. and Canada should be sent to :— 
The Counsellor (Scientific), 
Embassy of Australia, 
1601 Massachusetts Avenue, N.W., 


WASHINGTON, D.C., 20036, U.S.A. 7377(A) 





AWARDS | 
ei On MLR.C. CLINICAL RESEARCH CENTRE 
BIRMINGHAM (Northwick Park Hospital) 
DEFAS ayaa it OR Watford Road, Harrow, Middx. HA1 3UJ 


The Division of Immunological Medicine (Head Dr. G. L. Asherson) 
oral terested 


Salary Rango, $A15,179 to $419,940 require a medical or recent post-doct person in 
Replication inctoding curriculum 
i vitas, list of publications and names 
‘Geiger cares 1978 A 


in 
studying the cellular defects in Inmnune deficiency deese and in 
hypogammagiobulinaemia. The appointment is for three 





are in from sutt- years only and the salary 1s on NHS registrar/sen. reg. scale or on 
8. bos, À astral, irom. whet ably qualified ear regal seca coat university lecturer scale depending upon qualifications. 
J formation, alio avalible tiee Pes The Univer, i E ee ae Application form obtainable from Mrs, J. Tecker-Ball by October 
of Commonwealth Unrverstties | mingham BIS ZTT. 21st. Please quote ref. 118/1/4209. TIAA) 
NERED gi Gonton Sacer, Teen date m 1979 is subject to discussion. 
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THE OPEN UNIVERSITY MEDICAL RESEARCH COUNCIL 


ELECTRON MICROSCOPIST 


Applications are invited from graduates with a degree in Medicine, or 
Biological Sciences to develop a research programme into the mechanism 
of action of toxic substances. The successful candidate will be responsible 
for leading a group consisting of one other scientist (to be appointed) and 
two technicians together with research students and visiting scientists, He 
will also be responsible for promoting collaborative research with other 





Lecturers in Science 
Biology 


We have two vacancies: those appointed will be involved 
in the preparation and maintenance of the discipline’s 2nd 
and 3rd level courses in ane or more of the areas of Ecology, 
Mammalian Physiology, and Molecular Biology/Bio- 
chemistry. They will also be expected to take an active 
interest in the development of the discipline’s future offerings 
in the field of continuing education, and to undertake 
research—either independentiy, or with one of the existing 
research groups. For these posts, candidates are likely to be 
under 30, with teaching experience and a good research 
record. Ref: 3662 


Earth Sciences 


We have two vacancies: the successful applicants will take 
part in the remaking of the 2nd level courses in Geology or 
the Earth’s Physical Resources, and may have research 
interests in any branch of the discipline. They will be expected 
to pursue those research interests vigorously. Ref: 3663 


Physics 


There is one vacancy in this discipline: the person appointed 
will assist in the preparation of aporopriate undergraduate 
courses, using multi-media teaching methods, and will also 
be expected to undertake research—either independently or 
with colleagues. Ref: 3660 


Applicants for all posts should be able to demonstrate an 
ability to write clearly and easily and an interest in distance 
teaching. All five posts are tenured: salary will be on the 
scale £3,883--£7,754 (under review and there are U.S.A. 
and other benefits}. 


Application forms and further particulars are avail- 
able, by postcard request please, from The Recruit- 
ment Office (JD3663/00), The Qpen University, P.O. 
Box 75, Walton Hall, Milton Keynes, MK7 GAL, or 
telephone Milton Keynes 63868: 24 hour answering 
service. 


PLEASE STATE THE DISCIPLINE IN WHICH YOU ARE 
INTERESTED 


Closing date for applications: 20th October 1978. 7315(A) 





FORTH RIVER PURIFICATION BOARD 


PHYSICAL 
OCEANOGRAPHER 


Applications are invited for the post cf Physical Oceanographer with 
the Board's Estuary Survey Section. 


The successful applicant will join a small team of specialists working 
on water quality problems within the Firth of Forth. Ideally candidates 
should have a sufficient understanding of numerical analysis and estuarine 
processes to be able to improve the Board's existing steady state model 
and to develop a time varying model of the Forth Estuary. The Forth 
Estuary is of particular interest as it demonstrates many of the transient 
features associated with a partially mixed estuary. Facilities include 
direct access, via a terminal, to 2M bytes of core store on a local 
University computer system and use of the Board’s 60 foot survey 
vessel. Apart from modelling studies, duties will include involvement in 
surveys of outfall sites and the hydrography of inshore areas. 


The post is superannuable and subject to N.LC. conditions of service. 
Salary will be in the range £4,368 to £5,403 inclusive of £312 supplement, 
with placing according to age, qualifications and experience. 


Applications should include the names of two referees and be submitted 
not later than Friday, October 20, to: 


The River Inspector, 
Colinton Dell House, 
West Mill Road, 
EDINBURGH EHI3 OPH. 


7308(A) 


members of the unit working Toxicological problems, either in the whole 
animal or in isolated ceils cultured in vitro. 

Salary on M.R.C, scientific staff scales (non-clinical) depending on age 
and experience. 

Apply in writing enclosing a full curriculum vitae and giving the name 
of two referees to the Director, Toxicology Unit, Medical Research 
Council Laboratories, Woodmansterne Road, Carshalton, Surrey SM5 4EF. 


T272(A) 





MRC 


Medical Research Council 


COMMONWEALTH BIOCHEMIST--MOLECULAR 
AGRICULTURAL BIOLOGIST 

BUREAUX The Department of Biological! 

v P Seiences, Carnegie-Mellon University 

acancy For invites applications from molecular 

SCIENTIFIC ie lane research interests lie 

, a in the area of nucleic acid structure 

INFORMATION OFFICER and/or function. Candidates should 

at the have postdoctoral experience. The 

, position is at the assistant professor 

COMMONWEALTH ee pathough, higher appointments 

sey will e considered. uties include 

INSTITUTE teaching at the undergraduate and 

OF ENTOMOLOGY graduate level as well as maintaining 

, an active research programme. Appli- 

56 Queen’s Gate, cants should forward their curriculum 


London SW7 SJR 


Duties: Mainly preparing abstracts in 


English for the journal ‘Review of 
Applied Entomology’ which covers 
the world of scientific literature on 
injurious and useful insects. Either 
one full-time or two part-time 


biology or agriculture; knowledge of 
other Slavonic or of Scandinavian 
languages would also be useful. The 
ability to write good, concise 
English is essential. 


Salary: In the scale £2,839 to £5,448 


per annum plus inner London 


vitae, three or more letters of refer- 
ence and a brief résumé of research 
plans to Search Committee (2), De- 


partment 
Carnegie-Mellon 


of Biological Sciences, 
University, 4400 


Fifth Ave., Pittsburgh, PA 18213. 


Carnegie-Melfon University is an 


Equal Opportunity Affirmative Action 


appointments would be considered. Employer. 7349(A) 
Qualifications: Graduate required with 

ability to read Russian or German j 

and preferably some knowledge of INSTITUTE OF ORTHOPAEDICS 


(University of London), Research As- 
sistant, Honours Graduate in Biology 
to participate in research into human 


hip disease. 
Ph.D. 


Suitable for M.Phil. / 


Three year Arthritis and 


Rheumatism Council grant. Informa- 


Weighting of £465 per annum, plus | tion from and applications to the 
a compensatory allowance {taxable Secretary, Institute of Orthopaedics, 
but not superannuable) of 3.3 per | Brockley Hill, Stanmore, Middlesex 
cent to offset personal contribution HA? 4LP, with two referees. 

to Superannuation Scheme; part-time T30% A) 


pro-rata. Starting 
to qualifications, 


appointments 
salary according 
experience and age. 


Application forms and full particulars 


from the Executive Director, Com- 
monwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, 
Slough SL2 3BN, to whom com- 
pleted applications (in duplicate) 
should be sent by October 28, 1978. 
TIIRA) 


ST. THOMAS’ HEALTH 
DISTRICT (TEACHING) 
London SEI 


MEDICAL LABORATORY 
SCIENTIFIC OFFICER 


(Grade subject to qualifications 
and experience) 


DEPARTMENT OF 
CHEMICAL PATHOLOGY 
AND METABOLIC DISORDERS 
ST. THOMAS’ HOSPITAL 
A post is available in the Supra 
Regional Hormones Laboratory, 
which will involve work on both 
protein and steroid hormones. Pre- 
vious experience in radioimmuno- 
assay would be an advantage, but 

is not essential. 

The successful candidate will 
have the opportunity of pursuing 
further relevant qualifications. 

For application form and job 
description, contact Ms J. Frost, 
Personnel Officer, St. Thomas’ 
Hospital, London SEI TEH, quot- 
ing ref. SRHL. Closing date 
October 20, 1978. 7T289{A) 








POSITION OPEN 


A postdoctoral position is available | 


for a period of one fo three years to 
study mechanisms of action of peptides 
(substance P, somatostatin, endorphins) 
in mammalian spinal pain pathways — 


using 
logical 


electrophysio- 
curriculum 


predominantly 
techniques. Send 


vitae and three references by January | 


l; 
Veterinary 


1979 to M. Randic, Department of 
Anatomy, Pharmacology 


and Physiology, Towa State University 


of Science 


and Technology. Ames, 


Towa SO011. An Affirmative Action/ 
Equal Opportunity Employer. 


TESOL A) 





UNIVERSITY COLLEGE OF 
NORTH WALES, BANGOR 
TECHNICIAN GRADE 4 
£2,955 to £3,402 per annum 


Applications are 


post of Histology Technician in the 
Department of Zoology. 


paration and 


The main duties will be the pre- 
sectioning of material 


for examination in the light micro- 
scope together with some assistance 
in the laboratories. 


Qualifications required are O.N.C. 


or an equivalent qualification, 


Applications (two copies), 


ence, together with the names and 


addresses of two referees should bt; 
sent to the Assistant Registrar (Per- 
sonnel), University College of North 
Wales, Bangor, Gwynedd LLS57 


by not later than October 16, 1978. 


7358(A) 


giving 
details of age, education and experi 


2DG. 


invited for the 
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availabie. 


Salary within rango £3,420 to £3,867, Í 
Lomion Allowance. : 


inglusive of 


Queen Co 
den Hill Road, London W8 7AH. 





THE MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 


foll 
- , DAMOS . addresses cf two 
Dr J. D Sater’ Institute of 
to + 
The Middlesex Hos- 
pital _ London WIP 


m Southampton 


a. THE 
UNIVERSITY 











forms contact Myre, 
M. , Tel 01-937 $ Sil Ext. 
Fl izabeth 


Lege, Camp- 
) 


CSIRO 
AUSTRALIA 


Research Scientist or 
Post Doctoral 
Research Fellow 
Division of Fisheries & 
Oceanography 

Perth, Western Australia 


CSIRO has a broad charter for research into primary and secondary industry 
areas. The Organization has approximately 7,000 employees—2,300 of whom 
are research and professional scientiststocated in Divisions and Sections 
throughout Australia. ; 


Field: Biological Oceanograpy 


General: 


The Division is Australia’s principal marine research Institution with about 
70 scientists investigating the physical, chemical and biological features 
including fisheries of the oceans around Australia. Headquarters of the 
Divisions are at Cronulla, Sydney, with regional laboratories in Perth, 
Brisbane and a field laboratory in Karumba. On-line access to a Cyber 76 


computer is available. Two well-equipped medium sized chartered vessels 


are available for oceanographical research and there are several smaller 
CSIRO vessels. 


Duties: 


To initiate and-carry out research in coastal marine sles as part of a 
research team investigating the production kinetics of a limestone reef. 


Qualifications: 


Marine ecologist with experience in community ecology of reef ecosystems. 
Some special knowledge of nutrient cycling and fisheries within such 
systems would be an advantage. Minimum qualifications are a Ph.D. or 
equivalent qualification in a relevant field of marine biological research, 
together with appropriate postdoctoral experience. 


Salary: 


Dependent upon experience within the ranges: Research Scientist: 
$A14,829 — $A18,177 p.a. or Senior Research Scientist: $418,819 — 
$A21,543 p.a. 


Tenure: 


An indefinite appointment or a fixed-term appointment of 3 to 5 years may 
be negotiated Both carry Superannuation benefits. 


Applications IN DUPLICATE, stating FULL personal and professional 
details, the names and addresses of at least two professional referees, and 
QUOTING REFERENCE NUMBER 320/604 should reach :— 


The Personnel Officer, Australian Scientific Liaison Office, Canberra House, 
Maltravers Street, LONDON WC2R 3EH. 
by 4th November 1978. 


_ Applications in U.S.A. and Canada should be sent to :— 


The Counsellor (Scientific), Embassy of Australia, 1601 Massachusetts 
Avenue, N.W., WASHINGTON, D.C., 20036, U.S.A. 7379(A) 
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Careers in 


Drug Metabolism 


Greenford, Middlesex 


Two vacancies have arisen in our laboratories for appropriately qualified 


scientists to be responsible for the develo 
procedures for measuring drug levels in 


ment and use of analytical 
iological materials. 


The work is concerned with the study of the absorption, distrybution ed 
metabolism of existing and new therapeutic agents. One of the above 


vacancies would suit a 
experience, possibly wit 
essential. 


recently qualified In both cases candidates, should hol 
in relevant scientifc disciplines and have an interest in 


methods. 


The second vacancy would be suitable for a 


uate with two to three years relevant 
a post-graduate qualification, although this is not 


rson who has 
ae first degrees 
o-afmlytical 


The Company offers excellent conditions of employment including pension 
and bonus schemes, subsidised cafeterma and a sports ard social club. 
Please write or telephone for an application form to: . 


Miss E. M, Butler 

Secretary to Senior Personnel‘ Officer 
Glaxo-Allenbu 
Greenford, Middlesex. 
Quoting Ref. 241 

- 01-422 MH, PR li 


Research (Greenford) Limited 


7363(A) 


Glaxo-Allenburys Research (Greenford) Limited 













A major French pharmaceutical group 1s loo iy a top-flight scien- 
tst, with biological, medical and pharmaceu tions. 

To be located in Pans, the director of research will pa entrusted with 
determining, in co-ordination with the general management, the 
group’s research policy with the application of that policy vand with 
participating ın general policy decisions, 1 cluding hoensamg to other 


Salary will be in accordance with qualifications and with the position 
Please send CY, recent photograph and current salary under ref. 


1054 N. 
All aaplications will be te with the highest confidentiality by: 


‘BERNARD KRIEF CONSULTANTS 
KEG 


1, rue Danton 76263 Parts Cedex 06 
73061A) 
SYMPOSIA—(continued on page xxiv) 





THE REDUCTION 
AND PREVENTION 
OF SUFFERING . 


IN ANIMAL EXPERIMENTS 


A SYMPOSIUM 


To be held on 1st NOVEMBER 1978 
at the Meating Room, Zoological Society, Regent's Park, London NW1 
Tickets —£5 00 including refreshments snd buffet lunch 
Further details from: Richard Esling, RSPCA, Causeway, 


Horsham, Suseax Tel Horsham 64181 extn 76 
7298(M) 








DIRECTOR 


MASTER OF NATURAL 
RESOURCE MANAGE- 
MENT PROGRAM . 


A Director is for tho 
Master of Natural Marn- 
which hæs boen 


agecinent Program 
establuhed at Simon Fraser Unt 


programs 
varied dssciplines and departments 


The Director should haw an 
establiahed academico .and profes- 


The preferred dats of appoint- 
, 1979, but later 
negotiated 





RESEARCH ASSISTANT 


WELSH NATIONAL SCHOOL 
OF MEDICINE 
(University of Wales) 
DEPARTMENT OF 
HAEMATOLOGY 
RESEARCH OFFICER 


A graduate in biological or natural 
science is to take pert in an 
investigation of blood cell formation 

disorders. 


The’ appointment is for two years 
and will be made on the 


aGdrosses 
two referees, should be submitted 
ea ee a 


Ref: No 
Haat The Dem aiel may. be 
vim with Dr L 





- IMPERIAL COLLEGE 
FIELD STATION 
ZOOLOGY DEPARTMEN tT 


morsan ard: metabolligt-ct marca. 


pesticules in BP seeps ie fe pant parent 


of 


annum ~ 

Applications, er 
names of two erees, should be 
1978, by The | Tho Unrver- 





UNIVERSITY COLLEGE 


LONDON 
DEPARTMENT OF 
PHYSIOLOGY 
LABORATORY TECHNICIAN 


muscle fibres. Startme sal £2 68! 
to £2,760, pius £465 Li London cishting 


rege aC >” Applikation, Yor eae ae ‘Sal! 








IMPERIAL CANCER 
RESEARCH FUND 


RESEARCH FELLOWSHIP 


A Postdoctoral Fellow required 
as soon as possible for an appoint- 
ment of two years. with possible 
extension to three years. The work 
will be on the mécthanisms by 
which host cells. control the 
expression of  tumour-inducing 
viruses. Familiarity with nucleic 


acid hybridisation and allied tech- 
niques would be an advantage but 
is not essential. Salary with entry 


according to qualifications and 
experience within range £4,815 to 
€6,180 inclusive. 


Applications with curriculum 
vitae and names of two referees, 
should be sent to the Secretary, 
imperial Cancer Research Fund, 
Lincoln’s Inn Fields, London 
WC2A 3PX by November 3, 1978, 
quoting reference 294/78. 


T297(E) 





RAMSAY MEMORIAL FELLOW- 
SHIP FOR CHEMICAL RESEARCH. 


The Trustees will consider in Febru- 
ary 1979 applications for a British 
(General) Fellowship, normally ten- 
able in the United Kingdom for two 
years, for candidates with experience 
of postdoctoral research. Value of the 
Fellowship will normally be paralle! 
with lower part of Lecturer scale for 
British Universities, plus expenses 
grant of up to £100 per annum. May 
be superannuable. The person elected 
will normally be required to take up 
the Fellowship on or about October 
1, 1979. Particulars from Joint 
Honorary Secretaries, Ramsay Mem- 
orial Fellowships “Trust, University 
College London, Gower Street, London 
WCIE 6BT Completed application 
forms must be received by December 
1, 1978. FIICE) 


A POSTDOCTORAL 
FELLOWSHIP 

. is now available to study the 
- mechanism of benzene toxicity. 
: Current investigations are aimed at 
. understanding the relationship between 

the hematological/bone marrow effects 
: of benzene and benzene metabolism 
: (see Life Sci. 21, 1709, 1977). This is 
: an opportunity to train in biochemical 
: toxicology. The stipend is $10,000. 
: Interested parties should write to Dr 
` Robert Snyder, Dept. of Pharmacology, 
: Thomas Jefferson University, Phila- 
: delphia, Pa., U.S.A. 19107. 7369(E) 


UNIVERSITY OF BRISTOL 
POSTDOCTORATE 
RESEARCH FELLOWSHIP 


Applications are invited for a post- 
doctorate fellowship established te 
investigate the synaptic mechanisms 

: regulating the peptidergic neurones of 


: the magnocellular nuclei of the rat | 


> hypothalamus, Previous experience of 
: electrophysiological recording from the 
: CNS is required, and some expertise 
in the application of iontophoretic 
methods is desirable. 
The appointment is funded by the 
Medical Research Council for two 
years from October 1, 1978. Salary 
_ will be determined by age and experi- 
j ence (minimum £4,382 per annum at 
< age 26~—~scale under review). 
ia rere ions giving details of age, 
‘qualifications and experience, tégether 
» with the names of two referees, should 
be sent by October 16 to Dr D. W. 
: Lincoln, The Medical School. Univer- 
sity Walk, Bristol BS8 ITD, from 
-ewhom further particulars are available 
(Bristol 24161, ext. S57). 724 1(E) 
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FELLOWSHIPS—(continued on page xxiv) 


UNIVERSITY OF 


BIRMINGHAM 
DEPARTMENT OF 
GEOLOGICAL SCIENCES 
RESEARCH FELLOWSHIP— 
STABLE ISOTOPES IN 
GROUNDWATER 


Applications are invited for the 
above post to carry out the measure- 


| ment and interpretation of the stable 


isotopes of oxygen and deuterium in 
precipitation in the soil profile and in 


] modern groundwaters, The work is 


supported by a research grant from 
the Natural Environmental Research 
Council. 

Applicants shouid have a good 
honours degree in either Geology, 
Chemistry or Physics and preferably 
a Ph.D. Research experience related 
to isotope studies would be an 
advantage. 

Salary in the range £3,883 to £6,555, 
plus superannuation. The starting point 
will be dependent on age and experi- 
ence, with a maximum of £4,382. The 
post is tenable until September 30, 
1981, Further particulars may be ob- 
tained from the Assistant Registrar, 
Science and Engineering, University 
of Birmingham, P.O. Box 363, 
Birmingham BIS 2TT, to whom 
applications (three copies) including 
full curriculum vitae, and naming 
three referees should be sent by 


Monday, October 23, 1978. Please 
quote ref: NG9. 73566) 
POSTDOCTORAL 
FELLOWSHIP 


The laboratory is engaged in full- 
time research (primarily biochemical) 
on the structure and function of 
microtubules (see J. Cell Biol. 73, 492 
and Biochemistry 16, 2189). The can- 
didate must have received the doctor's 
degree within three years, and may 
not be a citizen of the U.S.A. 
Enquiries, accompanied by a curricu- 
lum vitae and references, should be 
sent to: Dr Martin Flavin, Lab. of 
Cell Biology, NHLBI, National 
Institutes of Health, Bethesda, Md. 
20014, USA. T294(E) 





THE UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF 

PHYSIOLOGY 
RESEARCH FELLOWSHIP 


Applications are invited for a 
Research Fellowship working on a 


five year M.R.C.-funded project in | 


the Department of Physiology. Appli- 
cants should have a degree in Science 
or Medicine and experience in 
Neurophysiological Research. The 


Fellow will study motor control in | 
man and primates by methods that | 
invelve the application of engineering | 
methods to physiological systems. Tie 


project is directed by Dr P, M. H. 
Rack from whom further information 
may be obtained. 

Salary will be on the Research 
Scale 1A (£3,883 to £6,555 plus super- 
annuation) according to age and ex- 
perience. The appointment will date 
from January 1, 1979 or as soon 
thereafter as may be arranged. 

Applications with curriculum vitae 
and names of two referees should be 
sent to the Assistant Registrar, The 
Medical School, Birmingham B15 2TJ 
by November 24, 1978. Please quote 
reference RF/Phy/378. 7291(Œ) 





POSITIONS WANTED 





BIOCHEMISTRY 
TECHNOLOGIST, A.LM.L.S, 


25, with excellent academic record, 
seeks position in continental Europe, 
Australasia or North America, Prefer 
non-clinical field (e.g. research, in- 
dustrial, publishing). Box No. 
7265(B), c/o Macmillan Journals Ltd., 
3 Dyers Buildings, London ECIN 
2NR. 7265(B) 





UNIVERSITY OF AUCKLAND 
NEW ZEALAND 
UNIVERSITY POSTDOCTORAL FELLOWSHIPS 
1979/1980 AWARDS 


Applications are invited for Fellowships to begin during the period 
March 1, 1979, to February 28, 1980. The Fellowships are awarded for 
the purpose of carrying out advanced research. Successful applicants may 
be expected to participate in limited teaching activities. Conditions of 
Appointment and application forms to be completed by candidates are 
available from New Zealand and Australian universities, from the 
Assistant Registrar (Academic Appointments}, University ef Awuckland, 
Private Bag, Auckland, New Zealand, or from Association of Cammen. 
wealth Universities (Appts), 36 Gordon Square, Londen WCIH OPF 
Applications will be accepted at any time up to OCTOBER 31, 1974, 

The Fellowships are open to graduates of universities other than the 
University of Auckland; and holders of s Bachelors or Masters degree 
from the University of Auckland who have aiso completed a Ph.D. degree 
at any university other than the University of Auckland. Prospective 
candidates should note that these Fellowships are NOT open to applicants 
whose Ph.D. degree was completed at the University of Auckland. To be 
eligible for a Fellowship, candidates must have been awarded the degree 
of Doctor of Philosophy, or have completed the requirements for such 
an award, or hold some other appropriate academic qualification. The 
Awards are primarily intended for candidates who have held a PRD. 
for not more than four years at the time of application, bui in exceptional 
circumstances other candidates may be considered. The total value of the 
Fellowships will normally be based on a monthly allowance of MZ370G 


plus, where applicable, actual approved fares for the Fellow only. Fellows | © 


should expect to pay tax on the monthly allowance. 

The Fellowships are tenable for up tè 12 months and have been 
allocated to the following research groups. Prospective candidates seeking 
further information should write directly to the member of staff named 
in the University. 

Anthropology (Professor R. C. Green}. Topic: Melanesian cultural 
history programme. Candidates in etheohistory, historical linguistics, 
ethnobotany or applied science in archaelogy. 

Anthropology (Associate-Professor A. Hooper). Topic: Tokelau studies. 

Biochemistry (Professor A. G. C. Renwick). Topic: The biochemistry 
of glycoprotein hormone receptor interactions. 

Cell Biology (Professor R, E. F. Mathews). Topic: Plant virology. 

Cell Biology (Dr H. E. D. Lane/Professor BP. L. Bergauist). Topic: 
Plasmid-specified proteins in E. coli minicells. 


Chemistry (Professor R. C. Cambie}. Topic: The utilisation of New 
Zealand natural products. 


English (Associate-Professor MacD, P, Jackson}. Topic: New Zealand 
literature. 

Electrical Engineering—Radico Research Centre (Professor M. A. 
Whale). Topic: Ionospheric propagation, upper atmosphere physics and 
communications research. 


History (Professor P. N. Tarling Topic: WNationsl-internationa! 
linkages in military occupation and post independence administration, 
planning and development in East and South East Asia. 


History (Professor M. P. K. Sorrensom). Topic: Social, economic and 
political history of New Zeland, 


Mathematics (Professor J. C. Butcher}. Topic: Numerical solution of 
ordinary differential equations. 

Physics (Professor A. R. Poletti). Topic: Experimental nuclear 
physics. 

Psychology (Professor M. ©. Corballis). Topic: Cognitive osvchology. 

Zoology (Dr B. A. Foster}. Topic: Settlement and recruliment of the 
larvae of marine animals. 

TIGHE) 


The Cystic Fibrosis Research Trust is anxious to encourage 
research into the problems of Cystic Fibrosis by offering special 
grants to medical and scientific departments and to establish 
Fellowships in this area of research. The Trustees would be 
specially interested in supporting a Fellowship in a suitable 
department to an individual with considerable research training 
especially in fields likely to lead to further knowledge of the 
basic abnormality in this condition. The Fellowship would 
ordinarily be held for three years and applications must be 
sponsored by the Head of the department who would be willing 
to provide facilities. In the first instance twelve copies of a 
two-page summary of the proposal should be provided, together 
with a curriculum vitae, a brief estimate of the anticipated casts 
of the Fellowship, apart from salary, should be indicated. 


Applications should be addressed to Mr R. Tucker, Executive 
Director, C.F. Research Trust, § Blyth Road, Bromley, 
Kent BR1 3RS. Closing date: November 30, 1978. 

73716) 





FELLOWSHIPS 





BRITISH/IRANIAN 
SCIENTIFIC EXCHANGE 
SCHEME 


To stimulate Irano/British collabora- 
tion in science and technology, the 
Iranian Ministry of Science and 
Higher Education and the British 
Counci! have launched an exchange 
scheme, which began in April 1977. 
British visitors, ideally science or 
technologists with active research pro- 
grammes established in a research 
institution, will spend between one 
and ten months participating in re- 
search or field studies, or exploring 
prospects for co-operative work with 
Iranian colleagues, Applicants who 
already have contacts with Iran will 
be given preference. The closing date 
for this vear will be December 31. 
For further details and an application 
form, please write or telephone to 
Dr J. C. Viney, Higher Education 
and Science Department, the British 
Council, 10 Spring Gardens, London 
SWIA 2BN (telephone 061-930 8466, 
extension 2609). 7298(T) 


For those who are seeking a change in 
their careers we now offer this new 
service... 


APPOINTMENTS WANTED 


will appear weekly; the advertising 
charges are £1.50 of $3.00 per line 
(approximately seven words). Minimum 3 
lines. Box numbers are automatically 
giver without further charge, all cor- 


respendence to: NATURE CLASSIFIED 


London Office: 
3 DYERS BUILDINGS, 
LONDON, ECIN 2NR 
Telephone: 01-831 6901 


Washington Office: 
Tit NATIONAL PRESS BUILDING 
WASHINGTON DC 20045 USA 
Yelaphone: (202) 737 2355 





| nective 


SYMPOSIA 





A Symposium on “Long-term 


effects of Neuroleptics”’ 


will be held in Monte-Carlo, Princi- 
pauté de Monaco, March 18-21, 1979. 
Details from F. Cattabeni, G. Racagni 
and P. F. Spano, International 
Menarini Foundation — Piazza del 
Carmine, 4-— 20121 Milan Ctaly). 

7382 (M) 


ROYAL SOCIETY 
OF MEDICINE 
1 Wimpole Street, 


London WIM 8AE 


The Section of Pathology of the 
Royal Society of Medicine has orga- 
nised a two-day international Sym- 
posium entitled: QUANTITATIVE 
CYTOCHEMISTRY AND ITS 
APPLICATIONS for November 13 and 
14, 1978. 

Papers will be given under the fol- 


lowing headings: Nucleic acid cyto- 
photometry and Pathology; Haemia- 
tology and Immunology; Toxicology 


and Pharmacology; Dermatology; Con- 
tissue disease; Maturation of 
the Graafian follicle; Cancer diagnosis 
and Research; and the Bioassay of 
Polypeptide Hormones. 

Details of the programme and appii- 
cation forms may be obtained from 
the Sections Officer at 1 Wimpole 
Street (Telephone: 01-580 2070). 

Closing date: November 1, 1978. 

7330(M) 





PERSONAL 





RAPPORT is the discerning person's 
way of meeting new friends. Whatever 
your age, location or preferences, 
enrich your quality of life immeasur- 
ably with RAPPORT, the intelligent 
person's introduction service—-and re- 


discover the joy of living. Details 
from RAPPORT, P.O. Box 94, 
Oxford. 732R) 





COURSES 


























to one or two others. 


be paid and 


CZECHOSLOVAKIA, 


Applications are 


The British Council, 
10 Spring Gardens, 
London SWIA 2BN. 


INDIA Younger S 


The British Council invites applications from suitably qualified British 
scientists, engineers and social scientists to visit India for up to three 
months under this scheme. Preference will be given to applicants who 
can demonstrate the applied nature of their research and an interest in 
developing practical collaborative projects. Successful candidates can expect 
to spend an extended period at one institu:ion in India with shorter visits 


Although applications for short periods are considered, preference is 
given to candidates wishing to stay for a full three months and who 
have already developed contacts in India. Applicants should hold a staff 
appointment at a university, polytechnic or research institution and are 
normally aged between 27 and 35 years. Return tourist class air fares will 
the Indian University Grants’ 
honorarium to cover expenses in India. 


For visits between August 1979 and February 1980, further details and 
application forms are available from: 


Higher Education and Science Department, The British Council, 10 
Spring Gardens, London SWIA 2BN. Telephone: 01-930 8466, Ext. 2688. 


Ciosing date for applications: December 16, 1978. 
Please quote AD78/4 when responding to this advertisement. 


THE BRITISH COUNCIL 


SCIENTIFIC VISITS TO THE SOVIET UNION, 
HUNGARY, ROMANIA 
AND BULGARIA 


aplic invited from British scientists, engineers and social 
scientists for short (two weeks) and medium term (one to six months) 
visits, under agreed exchange programmes, to the above countries. Short 
visits normally involve a tour of a number of institutions appropriate to 
the visitor’s subject area. Medium term visits are intended to facilitate 
research and are usually based at one establishment. 
Fer details and application forms please write or telephone to: 

Higher Education and Science Department, 


Tel: 01-930 8466, Extension 2688. 
Closing date for completed applications: October 31, 1978. 
Please quote 78E/4 when responding to this advertisement. 





cientists Exchange 
Scheme 


Commission will pay an 
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LECTURES 


The social and safety implications 


Genetic engineering 


A one-day public meeting organised by the Association of Scientific, 
Technical and Managerial Staffs, Friday, October 27, at The Pharma- 


ceutical Society, | 


Lambeth High Street, London SEI. 


_ The conference is open to all who wish to attend. Discussion will 
include not only the possible benefits and hazards of genetic engineering 
but also the question of reconciling public opinion and concern about 


safety, with the scientific and 
technological world. 


industrial 


progress in an increasingly 


_ Speakers include: The Rt Hon Shirley Williams, Sir Gordon Wolsten- 
holme, Clive Jenkins, Dr Sydney Brenner, Dr Jonathan King and Prof 


Bob Williamson. 


For registration, which costs £4, please contact Donna Haber, ASTMS, 
Sutton House, 2-4 Homerton High Street, London E9 65T or telephone 


01-985 4792. Places are limited. 





SCHOLARSHIPS 





THE ROYAL SOCIETY 
THE RUTHERFORD 
SCHOLARSHIP 


This award, for graduates of ex- 
ceptional promise and ability who are 
under 26 years of age on May I, 


1979, is for experimental research in 
any branch of the natural sciences, 
with a preference for experimental 


physics if there are candidates of 
similar merit, It will be tenable fer 
three years, from October 1, 1979 or 
such other date as may be arranged, 
in some part of the British Common- 
wealth other than that in which the 
applicant graduated. The value, ad- 
justed to meet the circumstances, will 
be £2,250 per annum on appointment 
(under review) if held in the United 
Kingdom, with allowances for travel, 
university fees, etc. ft will not 
normally be awarded to a graduate 
who has already held a senior research 
award. 


Applications 
follows: 


From university graduates in the 
United Kingdom: before February 35, 
1979 on forms obtainable from fhe 
Executive Secretary, The Royal 
Society, 6 Carlton House Terrace, 
London SWIY SAG. 


From university graduates outside 
the United Kingdom: through their 
universities to the Royal Commission 
for the Exhibition of 1851 on forms of 
application for the Commissioners’ 
Science Research Scholarship to be 
obtained from the registrars or ad- 
ministrative authorities of their 
universities. 7314H} 


shouid be made as 





STUDENTSHIPS 


THE UNIVERSITY 
OF LEEDS 
DEPARTMENT OF 
RADIOTHERAPY 


Applications are invited from 
graduates with good honours 
degree in biological sciences for a 
POSTGRADUATE RESEARC n 
wi 
involve a cellular kinetic and 
quantitative microscopical study of 
the action of drugs and radiation 
on experimental tumours. 


Applications giving a full curri- 
culum vitae, including the names 
and addresses of two academic 
referees should be forwarded to 
Professor C. A. F. Joslin, Regional 
Radiotherapy Centre, Cookridge 
Hospital, Leeds LS16 6QB (Tele- 
phone (0532) 673411, ext. 215), 
from whom further details are 
available. TIOKE) 


STUDENTSHIP. Fhe project 





7374K) 








STUDENTSHIPS 





UNIVERSITY OF 
STRATHCLYDE 
DEPARTMENT OF 
METALLURGY 
S.R.C, C.A.S.E. Studentship 


Applications are invited from 
candidates with a good honours degree 
in Physics, Chemistry or Metallurgy, 
or in a related discipline, for a three- 
year C.A.S.E. Ph.D. studentship in 
the Department of Metallurgy to 
undertake surface physics and cor- 
rosion studies of aluminium alloys 
using X-ray photoelectron spectro- 
scopy. in collaboration with British 
Aluminium Company. The research is 
predominantly based at Strathclyde 
but the student will spend periods 
each year (totalling approx. four 
months) at the British Aliminium 
Research Laboratories, Chalfont, 
Buckinghamshire, The investigations 
will also include the use of synchrotron 
radiation with occasional periods at 
the §.82.C. Daresbury Laboratory 
Storage-Ring Facility, Warrington. 

S.R.C. postgraduate scales apply but 
additionally British Aluminium Com- 
pany will consider supplementary im- 
bursernent (up to £500 per annum), 
with travel and accommodation ex- 
penses away from Strathclyde. Applica- 
tions should be addressed to: 

Dr D. J. Fabian, Department of 
Metallurgy, University of Strathclyde, 
Glasgow GI IXN, 7304(F) 





UNIVERSITY OF 
EAST ANGLIA 
Norwich 
S.R.C. CASE 
STUDENTSHIP 
University of East Anglia/ 
B.P. Chemicals Ltd. 


The study of the structure of 
molecules absorbed on oxide catalyst 
surfaces by infrared and Raman spec- 
troscopy. £1,610 plus fees. 

Apply as soon as possible to Profes- 
sor N. Sheppard, F.R.S., School of 
Chemical Sciences, University of East 
Anglia, Norwich NR4 7TJ. 7319(F} 





UNIVERSITY OF BATH 
SCHOOL OF BIOLOGY 
(Animal Physiology) 
Applications are invited 

for an | 
S.R.C. STUDENTSHIP 

for research on M.S.H. and related 
peptides in the fish pituitary. 

Candidates should hold a gox 
honours degree in Biology or Bio 
chemistry. Enquiries and applications 
Dr Baker, School of Biology, Th: 
University, Bath BAZ 7AY. 7328CP) 
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FOR VISUALIZATION OF CELL SURFACE 
AND INTRACELLULAR 
CARBOHYDRATES 





G.C.M, brochure and technical data sheets on request. 
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Novel Cycloalkenopyr idines ALDRICH 









Aldrich has recently added an interesting series of 
2,3-cycloalkenopyridines to its product line: 2,3-cyclo- 
pentenopyridine (1), 2,3-cyclohexenopyridine (2), 2,3- 


3 4 


cycloheptenopyridine (3), and 2,3-cyclododecenopy- 
ridine (4). 


These cycloalkenopyridines can be metallated 











S7 “NH, 
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nonreductive route (see scheme) to the corresponding 
carboxylic acids (8),? esters (9),? carboxamides (19),? 
thiocarboxamides (6),23 and carbonitriles (7).? i 
Cycloalkenopyridines may exhibit physiological ac- 
tivity; for example, tetrahydroquinoline derivatives 
such as § are antiulcer-antisecretory agents.‘ 
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19,749-1 3-C yclopentenopyridine ` R, 
For a review of the reactions of 2,3-cycloalkenopyridines, see H. Beschke, 2, yerope PY ; cn st f 
Aldrichimica Acta, 14, 13 (1978). l K | 5 92 
1) E.M. Kaiser, G.J; Bartling, W.R. Thomas, S.B. Nichols, and D.R. Nash, J. 19,748-3 2,3-Cyclohexenopyridine 25g $9.35 
Org. Chem., 38, 71 (1973). 100g $24.20 
2) R. Crossley, A.C.W. Curran, and D.G. Hill, J. Chem. Soc., Perkin Trans. 19,751-3 2,3-Cycloheptenopyridine 10g $8.25 
1. 977 (1976). 4 50g $29.25 


3) A.C.W. Curran and R.G. Shepherd. ibid., 983 (1976). 
4) A.C.W. Curran and R.G. Shepherd, Ger. Offen. 2,459,631 (1975), Chem. 
Abstr., 83, 131483w (1975). 
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Linking science to technology: 
harder than it seems for Third World 


THERE is a moral, a lesson and a set of danger signals in 
the three articles on science policy in Latin America in 
this week’s Nature (pages 472-475). The moral is that 
linking a country’s scientific activities to its technological 
needs can, in practice, be very much harder than the 
familiar political rhetoric would often have us believe. The 
lesson comes from the Andean Pact countries, who have 
been able to demonstrate how cooperation in research can 
help overcome some of the problems resulting from an oyer- 
dependence on scientific and technical skills of industrialised 
nations. 

The danger signals relate to the increasingly important 
role of foreign investment—rapidly replacing the multi- 
national company as the bogeyman of development—in 
determining scientific and technological research policies, 
not only in content but also in form. 

Each of these observations must be seen in relation to 
e basic premise: that, in the .words of a:major study of 
the instruments of Latin American science and technology 
policy financed by Canada’s International Development 
Research Centre, “the development of indigenous science 
and technology capabilities [is] an essential condition for 
achieving a certain degree of autonomy in decision-making 
on industrial development.” 

The experiences of both Venezuela and Peru in putting 
flesh on the bare bones of such statements have implica- 
tions for other developing countries. Wenezueéla, for 
example, has attempted to develop a centralised sttategy 
for its research policy through the creation of a National 
Council for Science and Technology (CONICIT), a model 
adopted by several other countries in the region. But the 
explicit goals of this strategy have been undermined by the 
consequences of an economic policy which, in pursuing 
rapid industrialisation, has encouraged joint ventures 
between foreign multinational companies and local capital. 
The result has frequently been to stimulate, rather than 
restrain, the flow of foreign technology into the country, 
providing companies with little incentive to support an 
indigenous research and development capacity. 

Peru’s problems have been slightly different. Since taking 
power in 1968, the country’s military rulers have attempted 
to pursue a strongly independent economic policy; this has 
included not only the nationalisation of basic industries, but 
also the rapid increase in research budgets (up by a factor 
of 10 since the late 1960s) and support for both public and 
private research institutes. Subsequent moves to centralise 
science planning, however, seem destined to be moulded, 
at least in part, by the economic measures being demanded 
by the International Monetary Fund; these have been made 
the condition for bailing Peru out of the plight caused 
among other things by high military spending and the 
declining world price of copper. 

In both Venezuela and Peru, science and technology 
policy is increasingly coming to reflect the domestic role 
played by foreign capital. And the danger of this is that it 


skews decision-making to favour research and development 
policies, for example those conceatrating on capital rather 
than labour-intenstve production techniques, that benefit 
the upper and intermediate groups in society but have little 
impact on the plight of the poorest. Even where a ‘“‘basic 
needs” technology is simultaneously advocated, this lies 
open to charges of ‘‘buying-off’’ the demands of the latter 
for an equitable share in the fructs of development. 

Such issues can no longer be ignored by those concerned 
about the role of science in the development process. 
Fifteen years ago, the argument that the path to develop- 
ment lay in the rapid transfer of scientific and technological 
knowledge to the Third World, lei participants in a United 
Nations conference to list priorites for such transfer in a 
“World Plan of Action”. Today t is accepted that limita- 
tions and constraints on the transfer process are such that 
this philosophy is no longer adequate; indeed these lmita- 
tions and constraints are the main focus of consideration. 

This shift, embodied in the agerda for next year’s United 
Nations Conference on Science and Technology for 
Development (UNCSTD), itself implies recognition that 
science and technology lie at the very heart of the develop- 
ment process. In practice, ıt is also coming to be recog- 
nised thta policy matters in thease areas can no longer be 
legitimately left to groups of experts, scientific or otherwise, 
but can only be forged through tte type of bargaining and 
negotiation conventionally limitec to more overtly political 
areas of national and international diplomacy. 

Here there are lessons to be learnt from the recent UN 
conference on Technical Co-operation Among Developing 
Countries (TCDC) in Buenos Aires last month Despite 
gloomy ‘forebodings for the comference which predicted 
that the “real issues” would cisappear in a storm of 
political acrimony, the meeting seems to have turned out 
relatively successful. In particular, the developing nations 
were able to unite behind a coherent and well+thought out 
position; and their combined strength was sufficient to 
add considerable bite to the draft plan of action which had 
been submitted by the UN secre-ariat, for example giving 
them greater control over the allocation of technical 
development funds. 

TCDC marked an important shift from confrontation to 
negotiation that other UN conferences, including 
UNCSTD, would do well to cry to follow. Certamly 
there are common scientific ard technological interests 
between rich and poor nations; bat given that these reflect 
broader social goals, no-one should be surprised that there 
are also conflicts. How to make such conflict productive, 
rather than merely self-defeating, is one of the most 
important issues that UNCSTD will have to confront. 
Encouraging joint research pro ects between developing 
countries, for example, can both provide practical benefits 
and increase the negotiating strength of the countries 
concerned; and ultimately it is this which determines who 
gets what share of the cake. CJ 
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DNA: let the public choose 


Susan Wright, a historian of science at the University of 
Michigan, has followed the recombinant DNA debate 
closely. Here she comments on the recent public discussion 
of the revised NIH containment guidelines. 


Muc# attention is currently being given to the concept of 
‘public participation’ in policy decisions on technical and 
scientific matters. In referring to decisions on recombinant 
DNA research during a commencement address at the 
University of Michigan, Joseph Califano, Secretary of 
Health, Education, and Welfare, emphasised the importance 
of due process: “This means decisions made democratically 
through wide consultation, not by special elites”. The 
tension in that statement, between “democratic”? procedure 
and ‘“‘consultation” (the results of which may still be 
digested by an elite group), points to a problem itself. 
Technical policy-making bodies are older than the growth 
of interest in participatory forms of decision making. They 
reflect an earlier faith in delegation of responsibility to 
high-ranking civil servants and expert advisors. 

The political distance between current demands for 
participation in policy decisions on science and technology 
and the actual composition and procedures of policy-making 
bodies is nicely illustrated by the arrangements adopted 
by the NIH for decisions on recombinant DNA research 
The elke nature of those arrangements was a principal 
subject of testimony at a hearing on proposed revisions to 
the NIH guidelines held at the Department of Health, 
Education, and Welfare in September before a committee 
chaired by Peter Libassi, HEW general counsel NIH 
officials have claimed that all sectors have. contributed to 
decisions on the guidelines through hearings and through 
the publication for comment of the guidelines, proposed 
revisions, and an environmental impact statement. However, 
testimony on the proposed revisions shows that many sectors 
see those procedures largely as a means for legitimising 
decisions taken within biomedical research circles rather 
than for facilkating participation in decisions. 

The proposed revisions to the guidelines (10 August, page 
411) are substantial: lowering of containment levels for 
many classes of experiment; exemptions which would 
take many experiments out of the guideline’s control; 
and delegation of important responsibilities from NIH to 
local biohazards committees Under the changes, local com- 
mittees would be given wide responsibilities for recombinant 
DNA experiments. At a time when recombinant DNA 
technology promises to become as important for industry as 
it is for the universities, the revisions are a major step 
towards dismantling the central controls established two 
years ago. 

All those who testified in support of the revisions were 
scientists and administrators with close ties to biomedical 
and agricultural research Their reasons for approval were 
generally in line with those given by NIH director 
Fredrickson in his introduction to the guidelines Delega- 
tion of authority to local biohazard committees was seen 
as a step in the right direction 

Critics of the proposed revisions included scientists and 
lawyers with ties to state and local government, trade 
unions, and public interest groups as well as to the universi- 
ties. A concern expressed repeatedly at the hearing was that 
the circle of participation in decision-making has been 
largely restricted to a small group of scientists with close 
ties to NIH. According to Philip Bereano, a lawyer and 
professor in the University of Washington’s Social Manage- 
ment of Technology Program, NIH decision making has 
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been dominated by an “old-boy iawo sa reflection, 
ultimately, of the basic conflict of interest of the NIH in 
attempting to regulate an activity that it also promotes. 
Bereano’s claim was supported by data from an NSF-funded 
study of the composition of institutional biohazard com- 
mittees (IBCs) reported by Nancy Pfund of Stanford Uni- 
versity. Preliminary results show that the proportions of 
workers, students, and members without ties to the institu- 
tions doing the research averaged less than 2% and that 
almost 70% of the membership was drawn from scientists 
and administrators in such fields as microbiology, bio- 
chemistry and molecular genetics. 

Witnesses noted that growing industrial interest in 
recombinant DNA means that the NIH advisory committee 
will be called on increasingly in the future to make policy 
recommendations with far-reaching social implications 
Fredrickson’s proposal to ‘“‘broaden [the committee] 
modestly as needed for expertise” and “to include, perhaps, 
a dissenter from NIH- policies’ was seen as an inadequate 


‘response to those demands. In written and oral testimony, 


representatives of the Attorney General of New York State, 
the American Federation of Labor and ‘Congress of In- 
dustrial Organisations, the Coalition for Responsible Genetic 
Research, the Environmental Defense Fund, and Friends of 
the Earth called for substantial expansion of the committee 
to include members of trade unions, public interest groups, 
public health organisations, and governmemt agencies with 
potential regulatory jurisdiction. In addition, Friends of the 
Earth lawyer Richard Hartzman stated that the proposed 
changes were so sweeping that they required a new environ- 
mental impact statement. 

The proposal to delegate responsibility for oversight to 
local institutions also received strong criticism. Pointing to 
violations of the guidelines that have occurred at Harvard 
Medical Schoot and the University of California, San 
Francisco, commentators suggested that to respond to those 
events by enhancing rather than by checking responsibilities 
of local committees was inappropriate. ‘NIH proposes a 
form of enforcement which institutionalises conflict of 
interest and provides even less accountability for the 
Director of NIH and the IBCs than the previous guidelines,” 
wrote Marcia Cleveland and Louis Slesin of the Natural 
Resources Defense Council. This matter is also of concern 
to ‘Assistant Secretary of Labor Eula Bingham and Senator 
Adlai Stevenson, chairman of the Senate subcommittee on 
Science, Technology, and Space, both of whom have pro- 
posed retention of more centralised controls. 


'- Critics have also claimed that the closed form of decision- 


making had affected the quality of the technical evidence 
used in reaching decisions. “here has been heavy reliance 
on unrefereed, unexamined ‘reports of small committees 
meeting in private which are then presented as the consensus 
of the scientific community,” said Jonathan King, associate 
professor of biology at MIT. He stated that the results 
from those meetings had been used in an “extraordinarily 
selective manner in which no arguments that countered or 
failed to support claims were either quoted or referred to.’ 
How will the DHEW handle testimony on the revisions? 
Will a full environmental impact statement be necessary? 
Libassi after the hearing declined to say what he would do, 
but, echoing Califano’s words, he did say that he thought 
the issues raised were “not ones to be decided by scientists ” 
As to his own role: “A lawyer’s skills can be applied in 
technical areas as well as procedural ones.” Clearly, several 
government sectors and the public will follow closely how 
the sentiments of Libassi and Califano are translated in 
terms of expansion of the present circle of recombinant 
DNA decision-making CT) 
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Where should LEP be built? 


Europe’s bid for a world lead in subnuclear physics in the 1990s 
brings CERN’s future into question, writes Robert Walgate 


EvROPEAN subnuclear physicists are 
brimming with enthusiasm for their 
next big project, LEP (see page 482), 
but building it will plunge CERN (the 
European organisation for nuclear re- 
search) into a hornets nest of 
problems. 

There is strong competition—tacit or 
not—between CERN and the West 
German laboratory DESY for the siting 
of LEP, a large electron-position 
storage ring; and there is controversy 
over CERN costs, with large tax-free 
wages accounting for over half CERN’s 
expenditure. The French, German, and 
British governments are insisting that 
the CERN budget be brought down 
from its present 600 million Swiss 
Francs (MSF) a year to 560 MSF by 
1981, but LEP can only be built at 
reasonable speed (in under a decade) if 
CERN has some 600 MSF a year. 

Meanwhile, the tacit international 
understanding that the next machines 
would be continental, with the USSR 
building a 3 TeV proton synchrotron, 
Europe building a 100 GeV electron- 
position storage ring (LEP), and the 
US building Isabelle (a 400 GeV proton 
Storage ring), has been violated with 
the news that the US is also looking at 
a LEP-like project. Burton Richter, the 
Nobel laureate who led the discovery of 
charm with LEP’s progenitor, SPEAR, 
is reputed to be pressing the US gov- 
ernment for an American LEP. And as 
the US Department of Energy is discus- 
sing collaboration with Japan on a 
number of research issues, including 
subnuclear physics, it is conceivable 
that Professor Richter will find 
Japanese money to build a LEP ahead 
of Europe despite US expenditure on 
Isabelle and Fermilab. The race is on, 
and as one CERN physicist put it “the 
first to the money will get LEP”. 

The future of LEP in Europe is con- 
fused by a number of factors. one of 
which is the rising eminence of the 
German laboratory DESY. “Four years 
ago we were nowhere”, a DESY physi- 
cist told Nature. “Now we are on top. 
and physicists are clamouring to work 
here”. The root cause is the realisation 
that electrons, particularly in collision 
with positrons, are the cleanest probes 
of the nature of matter on small scales. 
DESY is Europe’s largest electron lab- 
oratory. Further, DESY has succeeded 
in building PETRA. 

PETRA is the world’s largest storage 
ring for electrons and positrons, with (at 
19 GeV) twice the energy per beam of 
SPEAR (and its equivalent at DESY, 
DORIS). It will begin experiments on 
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22 October, eight months ahead of 
schedule, though it may take a month 
or two before its intensity reaches 
design levels. It will probe new quark 
combinations (like ‘bottomonium’) and 
most likely reveal new quarks (‘top’ is 
expected) and leptons. And with an 
experiment devised by Samuel Ting (co- 
winner with Burton Richter of the 
Nobel Prize for the discovery of the 
‘hidden charm’ particle J/psi) it will 
test the unification of the weak and 
electromagnetic forces proposed by 
Abdus Salam and Steven Weinberg. 
PETRA will give European subnuclear 
physics a world lead for five years or 
more. 

Experience in building and running 
PETRA also gives DESY physicists a 
European lead in the design considera- 
tions for LEP. But there was not a 
single DESY representative on the 63- 
man CERN study of LEP, recently 
completed (CERN/ISR — LEP/78 — 17, 
the ‘Blue book’). Professor Schopper, 
the director of DESY, argues that the 
best contribution that DESY could 
have made was to build PETRA, rather 
than to work on “a paper study”; and 
anyway the CERN team spent a long 
time at DESY, discussing the PETRA 
design. Schopper points out that several 
of the design points in the CERN study 
are a simple scaling-up of PETRA 
elements—the rf cavities, for example, 
and the vacuum tube. DESY physicists 
were of course spending 16 hours a day 
building PETRA, but the DESY 
absence from the study has also been 
interpreted as a political manoeuvre; so 
much so that the brief presence of 
several senior representatives of DESY, 
including the builder of PETRA, 
Gustav Voss, at the CERN summer 
study on LEP recently was seen as 
something of a thaw. 

All this would matter little if it did 
not involve the future of CERN. The 
CERN budget is under pressure from 
its staff (some 4,000 people, mostly 
technicians) whose promotions have 
fallen to a low ebb, and who are, of 
course, keen to maintain salaries at 
their high level. (50%, of the staff live 
in France, where they could earn only 
half the sums they cull from CERN: 
a study, called RESCO., is underway on 
the social conditions and remuneration 
of workers at CERN.) The budget is 
also under pressure from the Swiss 
Franc, in which CERN subscriptions 
and salaries are payable. The franc has 
strengthened from 12SF to the £ in 
1966 to 3SF at present, quadrupling 
the British subscription over that 
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Who should CERN fear most: 
Chancellor Schmidt Ueft) or DES) 
director Herwig Schopper? 


period. And the budget is under pres- 
sure from the other direction from the 
member states. who want to keep their 
expenditure on subnuclear physics in 
proportion to their other research 
costs. The CERN-built LEP would cost 
some 1000 MSF, but as a French physi- 
cist commented, “what will that mean 
in 10 years in pounds, or French francs, 
or even Deutsche marks?” 

According to one influential phy- 
sicist. the European Committee for 
Future Accelerators (ECFA), which 
has been charged by CERN members 
with producing a firm proposal for 
LEP. has in its hands a very delicate 
decision. The committee, he said, has 
to consider which course of action for 
LEP would preserve the best future for 
subnuclear physics in Europe. LEP at 
CERN’s Geneva site might price itself 
out of the market. And CERN without 
LEP in the 1990s dying 
laboratory. The question seems to be 
whether the focus for subnuclear phy- 


would be a 


sics in Europe should move for the 
1990s from Geneva to Germany 
(though there are other contenders, 
notably France: only Italy has ruled 


itself out). 

CERN defends itself strongly. point- 
ing out that a new laboratory would 
need a new infrastructure. entailing 
extra cost; that LEP at Geneva would 
allow collisions between the electrons 
of LEP and the protons of the SPS, 
allowing an ultradeep probe of proton 
—and perhaps quark—structure; and 
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that the LEP tunnel, once built, could 
be used for many other purposes at 
CERN, with its complex of ac- 
celerators i 

Over at DESY, Professor Schopper is 
at pains to protest that there is no com- 
petition between his laboratory and 
CERN; but other DESY physicists see 
it differently. “We are planning moves 
like a chess game”, said one. And 
DESY can afford to sit tight for the 
moment: it is in a strong position, 
technically and politically On the tech- 
nical side, pressure from physicists for 
the highest possible energy favours 
DESY. High energy means large ring 
size to reduce the synchrotron radiation 
losses from the circulating electrons 
(and so keep down the power bill) But 
the CERN site is restricted by the Jura 
mountains to the north DESY’s pre- 
sently favoured site, in a national park 
40 km south of DESY near Hamburg, 
is not so restricted. 

However, an early CERN study of a 
100 GeV machine (LEP-100) was aban- 
doned. The ‘Blue book’ argues that 
there will be many difficulties in hand- 
ling electron beams at 100 GeV The 
summer study concluded that ‘“improv- 
ing the energy [beyond 70 GeV] re- 
quires far more knowledge of a 
theoretical and technical nature before 
a realistic design may be settled upon”; 
but Schopper says that such conclusions 
are premature, and based on a too 
pessimistic interpretation of work on 
the problem at DESY In principle 
DESY should know, but it is not easy 
to disentangle physics from politics on 
this point. - 

The presem half-cost LEP planned 
by CERN is a project for 70 GeV 
beams (LEP-70), with a possibility to 
upgrade to 100 GeV if superconducting 
rf power cavities become feasible. One 
of the key tasks for LEP will be to 
produce the intermediate vector bosons. 
which have masses and properties such 
that the neutral Z° could be produced 
with single beam energies of about 
45 GeV, while the charged W* and W7 
would need 80 GeV. The Higgs bosons, 
which are essential to the unification of 
the forces, and hold the key to the 
masses Of the quarks and leptons, re- 
quire the highest possible energy 
LEP-70 is not therefore the most com- 
fortable machine for physicists — 
100 GeV would be better—although 
there will be a cornucopia of treasures 
on LEP-70 from the “resonance” in 
the interaction at the Z°, which should 
yield a thousand-fold increase in inter- 
action rate. 

ECFA is just beginning studies of the 
machine parameters for LEP, under 
the chairmanship of Professor An- 
tonino Zichichi—who intends to be 
entirely “Galilean” in his consider- 
ations. In other words he wants his 
committee to come up with the physi- 
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cists’ perfect proposal, without regard 
to politics That study is due at the end 
of 1979 for presentation to ECFA and 
to CERN Council. It will be interesting 
to see whether it more nearly ap- 
proaches LEP-70 or LEP-100. ECFA 
will then have to juggle with site and 
politics to come to its recommendation 

John Adams, CERN’s machine- 
building director-general, said in 
Geneva recently that he would like 
physicists to reach agreement on a site 
“by the end of next year”. He added 
“If the physicists can’t decide where 
to put the thing they can’t blame 
governments for delays”. And there are 
further battles to be won at govern- 
mental level. 

Germany lost the fusion project, 
JET, to the UK, and might welcome a 
new international laboratory Professor 
Schopper insists that any extension of 


Argentina—. 
where thought 
is a crime 


Dr CLAUDIO BERMANN, a professor of 
psychiatry held incommunicado in 
Cordoba prison in Argentina without 
specific charges since April 1976, was 
released last month, following pressure 
from: the US National Academy of 
Sciences’ Committee on Human Rights, 
the Israeli embassy in Buenos Aires, 
and international human rights groups. 

Dr Bermann was released into the 
custody of an Israeli representative only 
when he was actually aboard the air- 
craft bound for Israel On arrival in 
Israel, he avoided any formal contact 
with the Press, apparently fearing for 
the safety of fellow-prisoners still in 
custody. It was, however, possible to 
learn informally some interesting side- 
lights on the position of psychiatrists 
in Argentina, and, in particular, the 
reason why so many psychiatrists figure 
in the lists of political prisoners and 
‘disappeared persons’ 

“Thought is a crime there,” ex- 
plained a friend of Dr Bermann’s 
cynically. More particularly, psychiatry 
which, as a therapeutic discipline, aims 
at establishing the autonomy of the in- 
dividual, 1s seen by the present regime 
as potentially subversive—an opinion 
which draws some substantiation from 
the fact that, until 1973, the Argen- 
tinian Federation of Psychologists did, 
as a matter of fact, have a large 
number of members whose political 
leanings were leftist or liberal. 
Freudian psychology is banned from 
the universities (where it is seen as a 
Marxist subversion unlike the Soviet 
Union where it is condemned for being 
anti-Marxist!), and, according to 
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DESY would be “fully international’, 
with contributions from no country 
ruled out (including Japan). And the 
small countries at CERN will not be 
happy with the closure of CERN’s low 
energy synchrocyclotron and the inter- 
secting storage rings, as will be neces- 
sary if CERN is to build LEP within 
its 600 MSF ceiling. The Scandinavian 
countries, in particular, make good use 
of the synchrocyclotron for nuclear 
physics, and the intersecting storage 
rings are now ready for nuclear physics 
experiments with light nuclei. 

CERN’s problems with LEP are 
manifold, and ıt is no wonder that 
before John Adams gave his recent talk 
at CERN on “steering LEP" to an 
enthusiastic audience of physicists his 
colleagues told him, “And for God’s 
sake be cheerful” 

Robert Walgate 





“F keep thinking I'm two psychlatrists!™ 


another expatriate psychologist, uni- 
versity teaching in psychology goes no 
further than the writings of St 
Augustine and St Thomas Aquinas. 
Furthermore, said the same psy- 
chologist, difficulties can arise in the 
therapeutic situation A psychiatrist 
might attempt to treat a patient’s 
anxieties by presenting the current 
regime as an unpleasant, unavoidable 
fact of life, which one must somehow 
learn to live with. Further there are 
reports of members of guerilla groups 
actually receiving treatment from 
psychiatrists without the psychiatrist 
actually knowing anything about this 
side of their activities—a proposition 
which seems at first glance somewhat 
unlikely, but which, within a group 
therapy context, is quite feasible. 
Acting on suspicion of some such 
link between psychiatrists and guer- 
rillas, the Argentinian authorities have, 
according to Dr Bermann and his 
friends, been putting pressure on prac- 
tising psychiatrists to betray their pro- 
fessional confidentiality, and, m some 
cases, it would appear that agent- 
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provocateurs have been used, posing as 
guerrillas in need of treatment, to de- 
termine the ‘‘loyalty”’ 
chiatrists. 

According to Dr Bermann, when first 
arrested, he was himself tortured in an 
attempt to establish a link between him 
and the guerrillas. When the authorities 
finally realised that he had no informa- 
tion to give them, he was put in a cell 
with other “political prisoners who 
knew nothing,” from which the sounds 
of others being tortured could be heard. 


of the psy- ~ 


Dr Bermann, as a professor and 
former director of a psychiatric clinic, 
ranked as an important prisoner—and 
as such was chosen as a kind of hostage 
when President General Jorge H 
Videla visited Cordoba last year. 
Twenty such hostages were arrested— 
though as incommunicado prisoners 
they could do nothing to avert any 
possible attack on the presidential 
party. Nevertheless, their fate depended 
on the safety of the President and his 
entourage, according to an equation 


US producers fear ban on 
2,4,5-trichlorophenol 


SoME of the producers of 2,4,5-tr- 
chlorophenol fear that it might be 
banned in the US The Environmental 
Protection Agency (EPA) has recently 
issued a notice of ‘rebuttal presump- 
tion’ against current and continued 
registration of trichlorophenol and its 
salts. The notice—the first of several 
which the agency intends to issue—says 
that they exceed “‘certain risk criteria”. 

The issuing of a rebuttal presump- 
tion is not, says the agency, notice of 
intent to ban the products Such action 
would only be taken after careful 
evaluation of all the evidence had 
shown. that their continued use would 
cause “unreasonable adverse effects to 
the environment". However, the notice 
does require that the users and manu- 
facturers of trichlorophenol submit 
evidence to the EPA, proving that its 
continued use does not constitute a 
hazard. 

This is not the first time that the 
EPA has reviewed these particular 
chemicals, 2,4,5-trichlorophenol is used 
in the manufacture of the herbicide 
2,4,5-trichlorophenoxyacetic acid 
(2,4,5-T) and of thé  bacteriacide, 
hexachlorophene. The reaction process 
used to make trichlorophenol produces 
an extremely toxic by-product, tetra- 
chlorodibenzo-p-dioxin (TCDD). It is 
the presence of TCDD—a known 
teratogen and tential carcinogen— 
which is causirig the current concern. 

2,4,5-T has been reviewed recently 
by government committees in the UK 
and Australia, both review bodies pro- 
nounced the herbicide safe if used for 
the purposes for which it is intended. 
Manufacturers are less optimistic about 
its chances in the US. 

Among the most recemt evidence that 
the EPA will examine are two sets ‘of 
documents relating to the safety of the 
manufacturing process. The first is the 
Italian Parliamentary Commission’s 
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report of its investigation into the 
accident which occurred in the 
ICMESA trichlorophenol reactor near 
the Italian town of Séveso nearly two 
years ago. The second is the report of 
ICMESA’s Swiss owners, Givaudan 
and Hoffman-La Roche, on thelr own 
research into the cause of the accident. 

Their report is in reply to the com- 
mission, but ik has been prepared 
especially for the EPA. The com- 
mission’s report, which runs to several 
hundred pages, accuses Roche and 
Givaudan of being less than candid 
about their operations at ICMESA 
and of running an unsafe chemical 
plant. The commission also claims 
that ICMESA was producing tri- 
chlorophenol without an up-to-date 
‘fire precautions certificate’; that it 
failed to inform the Labour Inspec- 
torate that it had begun production of 
trichlorophenol, that it failed to notify 
the authorities of the accident for 
twenty-seven hours; and that when # 
did inform them, no mention was made 
of the release of TCDD. 

ICMESA produced 130 tons of 
trichlorophenol in 1975 and 1976; a 
sizeable amount, according to the 
Italian commission. Roche and 
Givaudan will contend in their report 
that compared to the output of com- 
panies in the US and Germany this is 
a small amount. The commission’s 
suggestion that the trichlorophenol 
reactor was poorly designed, is refuted 
by Givaudan, who claim that their 
design incorporated all the features 
necessary at the time for safe reactor 
operation. 

The ICMESA reactor did not in- 
corporate a dump tank to collect un- 
wanted discharges from the reactor 
vessel. Givaudan thought this un- 
necessary, in view of the plant’s other 
safety features The commission, how- 
ever, thinks this was a serious error. 


471 


which seems to be a peculiarly Argen- 
tinian way o° assessing the value of its 
leading citizens. 

If there vas any attempt on the 
President’s fe, they were told, all 
20 would e shot; if a General 
was killed, 14 would be shot, if a 
colonel, eigh:, and if any other official 
or policemar were killed, only two. So, 
by the new Argentinian mathematics, 
it would appear that one leading 
psychiatrist equals half a policeman! 

Vera Rich 


A safety disc on the vessel was 
designed to rupture at the pre-set 
pressure of 3.5 atmospheres, and so 
discharge TCDD over Séveso. The 
Italian report states that a lower value 
would have caused a rupture at a less 
advanced stage of the reaction, with 
less disastrous consequences. Givaudan 
argue that -he disc was incorporated 
to cope witk mishaps at the beginning 
of the trichlbrophenol reaction process 
—the accident at Séveso happened 
some six hours after the reaction was 
completed—and that the rupture pres- 
sure of the disc was selected for sound 
chemical reesons. 

Central to the concern: about the 
health of Séveso’s inhabitants is the 
two week delay in their evacuation 
from TCDC contaminated areas. The 
commission says that Roche and 
Givaudan dd not act swiftly enough 
to determine the extent of contamina- 
tion The companies contend that after 
a map of toe polluted area had been 
made—a task which took two weeks— 
the proper authorities were informed 
and recommended by Roche to evacu- 
ate the area. Roche says that the 
authorities -esisted initlally until they 
appreciated zhe gravity of the situation. 

Many sctentists think the Séveso 
residents were exposed to low levels of 
TCDD. The commission disagrees, and 
recommends: further studies to assess 
the long-term effects to health. TCDD 


is a porential carcinogen, and 
numerous sciemtists consider such 
studies essential The International 


Agency fcr Research on Cancer 
(LARC), which has recently published 
a new repcrt on the polychlorinated 
dibenzodiox_ns is currently assessing 
the chemicals’ carcinogenicity. It is 
reviewing evidence from a number of 
the fourteen accidents which have 
occurred in trichlorophenol plants 
since 1949. Alastair Hay 
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Venezuela: still out in the cold 


IF Latin American research centres 
were graded by location, the greatest 
number of stars would surely be 
awarded to the Venezuelan Institute 
for Scientific Investigation (IVIC). Set 
on a mountain-top retreat 20 miles out- 
side Caracas, its lush forest surround- 
ings complemented by imposing works 
of modern sculpture, IVIC has all the 
environmental requirements of the 
archetypal ivory tower. 

Yet its very isolation reflects a major 
complaint of Venezuelan scientists. 
Despite concerted efforts over a period 
of years to link scientific research to 
the country’s technological needs, their 
activities remain marginal to the 
country’s main economic and industrial 
activities. 

IVIC itself, through a combination 
of generous private and public funding, 
has become, since its foundation in 
1959, one of the leading basic research 
centres in Latin America. Its facilities 
in fields such as biophysics and ana- 
lytical chemistry attract scientists from 
all over the continent, They often rival 
those in the laboratories of industrial- 
ised countries in which many of IVIC’s 
research workers received their initial 
training. 

The institute has also been actively 
developing its own postgraduate 
courses. There is a proposal before the 
next meeting of the United Nations 
Educational, Scientific and Cultural 
Organisation (UNESCO) in Paris, for 
example, that IVIC should become an 
information centre for postgraduate 
studies for the whole Latin American 
region. 

Despite its scientific successes, how- 
ever, the institute and its activities 
remain highly vulnerable to the effects 
of the country’s changing fortunes, 
according to its director, Dr Luis M. 





Carbonell. Earlier this year, for 
example, a 7%, across-the-board cut in 
public expenditure—a response to a 
growing balance of payments problem 
and escalating inflation—resulted 
among other things in a six-month 
moratorium on travel to international 
conferences. 

IVIC’s vulnerability is itself a reflec- 
tion of the extent to which research 
in Venezuela remains marginal to the 
country’s main technological activities. 
A policy of pursuing rapid industrialisa 
tion while oil revenues continue to 
come in has largely been carried out 
through the transfer of technology 
from abroad; and although research 
and development expenditure, judged 
on a per capita basis, is among the 
highest in Latin America, it is still only 
28", of the gross national product, 
less than a tenth of the proportion 
spent by many of the industrialised 
nations, 

An attempt to rationalise the 
country’s scientific efforts and link 
them more directly with its techno- 
lonical needs was made ten years ago 
with the setting up as an offspring of 
IVIC the National Council for 
Scientific and Technological Investiga- 
tion (CONICIT), one of a number of 
similar planning institutions which have 
been established in various countries in 
Latin America. 

“The marginality of sc'ence in 
Venezuela has largely been the result 
of a lack of communication between 
the scientific and the productive 
systems. Since its creation, CONICIT 
has been taking action to confront this 
situation," according to the council's 
president Dr Pedro Obregon, a widely- 
respected plant geneticist. 

One area in which the council has 
enjoyed considerable success has been 


Nature Vol. 275 12 October 1978 


SI 
j A z 
EENEN Science | 
\ = 
x 7 in 
g South 
T l 
ee America 


David Dickson reports 


in increasing the skills of those respons- 
ible for purchasing foreign technology 
in choosing that which is most appro- 
priate to the country’s needs; centres 
have already been established in 
London and Vienna to assist in this 
purpose and another will shortly be 
opened in Washington. 

CONICIT has also been successful 
in stimulating new research initiatives 
in fields such as health and agriculture. 
In the latter case, for example, it 
recently opened a Centre for Agri- 
cultural Technology. Yet despite con- 
certed attempts, CONICIT has so 
far had little success in generating the 
interests from the direction that, at 
least as far as the country’s economy is 
concerned, matters most, namely 
sectors such as the chemical and steel 
industry. 

Such industries, often under the 
government’s rapid industrialisation 
nolicy and its support of joint ventures 
between national and foreign capital. 
have preferred to import technologies 
from abroad, rather than building up 
an indigenous research and develop- 
ment infrastructure. “The problem has 
heen getting local industry interested in 
local technology” as one observer puts 
it: and the result is that CONICIT has 
heen relatively unsuccessful in achiev- 
ing one of its prime goals, namely 
increasing the country’s technological 


Institute for Scientific Investigation: five-star location but vulnerable to budget cuts and inflation, says director Luis Carhonell 
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independence from foreign interests. 
“Apart from opening the minds of 
many people to the problem of relating 
science to technical needs, and provid- 
ing funds for training, I don’t think 
CONICIT has been able to do much 
more in achieving its original goals,” 
says Dr Carbonell of, [VIC who points 
out that 95% of patents taken out in 
Venezuela are still foreign, and that of 
the remaining nationally-owned patents, 
hardly any have been exploited. 
CONICIT’s problems are reflected at 
IVIC itself. One of the effects of the 
marginalisation of science is, it is 
claimed, a lack of respect for basic 
science as a profession; salaries are 
considerably lower than in universities, 
where teaching loads are so heavy that 
relatively little research is carried out. 
In recent years IVIC has, for both 
ideological and financial reasons, been 
attempting to shift its focus away from 
a primary concern for basic science 
to embrace more applied subjects as 
well. The institute now has a small but 
active programme in solar energy re- 
search, concentrating in particular on 
methods of growing cadmium crystals, 
and is planning an investigation into 
techniques for the gasification of coal. 
The institute also has a small re- 
search reactor, used not only for train- 
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ing engineers in handling nuclear 
materials but’ also for producing iso 
topes for medical and industrial use. 
At present, Venezuela has no plans for 
a nuclear energy programme; “but we 
are training people to make the-right 
decisions,- when these become necess- 
ary,” says Dr Carbonell. 

So far, however, as with CONICIT, 
industry’s response to IVIC’s efforts in 
the field of applied science has been 
disappointing. ‘‘Although lip service is 
given to the need to develop applied 
research, there does not really seem 
to be much real demand for it,” 
according to Dr Marcel Roche, IVIC's 
first director and now editor of the 
Latin American journal Interciencia. 

“Venezuelan industry tends to go for 
the maximum benefits with the lowest 
risks. The result is tbat research 
Temains peripheral to the interests of 
industry; and this is a situation which 
has not been -changed by CONICIT.” 

One attempt to improve things has 
been the drafting of a new law, similar 
to. that which was introduced in Peru 
in 1971 (see below), which would oblige 
all industrial enterprises, to contribute 
a proportion of their gross.profits to a 
research and development fund ad- 
ministered by CONICIT. 

“In the future, it is essential that 
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research receives financial backing 
from the industrial sector. Not only will 
this provide research institutions with 
more resources, but it will also help 
protect industry from foreign in? 
terests,” says Dr Obregon. 

If the proposed law is accepted by 
the Venezuelan Congress—and this will 
depend largely on the outcome of the 
forthcoming presidential elections, as 
well as new Parliamentary elections 
next year—the result will be to put 
CONICIT in a much stronger position 
not merely to plan, but also to carry 
out a coordinated research strategy. It 
could also increase its budget, currently 
less than $2m a year, by a factor of 
up to ten. 

And what about the future of basic 
science? Dr Roche, a firm supporter of 
the need for developing countries to 
build a basic research capability to 
encourage technological independence, 
is optimistic. 

“In my lfetime I have had the 
opportunity to see Venezuelan science 
grow at a relatively impressive rate 
When I began to do research, there 
were in the country only six or seven 
professional investigators; now there 
are hundreds, well prepared and 
competent.” CJ 


Peru rings the changes in science policy 


Peru has become the setting for a flerce 
debate on the respective roles that 
scientists and government planners 
should play in the design and adminis- 
tration of'a national science policy. The 
focus of ‘the debate is a proposal now 
before Peru’s military leaders to up- 
grade the country’s National Research 


Council, at present a primarily advisory — 


body made up of eminent scientists, 
and to use it as the basis for establish- 
ing a “‘national system for science and 
technology” 

The proposal is being resisted by 
groups such as the Institute for the 
Research in Industrial Technology 
(ITINTEC), which claim that a strongly 
centralised research policy would res- 
trict the advantages of flexibility 
gained from the present system of 
relatively autonomous research insti- 
tutes, each lifked to separate govern- 
ment departments 

Others, including members of Peru’s 
National Planning. Institute—a govern- 
ment agency whose director has min- 
isterial status—-while agreeing on the 
need for a central programme for 
science and technology. argue that it 
should be conceived within, rather than 
parallel to, the existing social and eco- 
nomic planning machinery 

The root of the current conflict can 
be traced back ‘to an ambiguity that 
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has existed since Peru’s military govern- 
ment came to power in 1968. Keen to 
restrict the power of foreign interests 
and promote the country’s technologi- 
cal independence, the government has 
encouraged the growth of a network 
of sectoral research institutes. There 
are now about 230° separate research 
institutes in Peru, half in ‘the private 
and half in the public sector. And 
many, such as the Instituto del Mar del 
Peru (IMARPE) in Callao, enjoy an 
international reputation. At the same 
time, however, the government created 
as one of Hs first post-revolutionary 
acts the National Research Council, 
which theoretically has responsibility 
for establishing a national science and 
research policy. ° 

‘The problem is that when the 
government set up the council, it did 
not provide it with the authority or the 
resources to carry out the responsibili- 
ties it had been given,” according to 
the council’s current president, Dr 
Antonia Pinilla. “In consequence, the 
council has not been able to play the 
leadership role that’ it should have 
done.” 

As a remedy. Dr Pinilla. a previous 
Minister of Labour and a cofounder 


‘of the private University of Lima, has 


nronosed a “national system” for co- 
ordinating the country’s research 


mined by the council, 


efforts (Such a system has already been 
promised by the government in its 
Tupac Amaru’ Plan for réturning to 
civilian rule by 1980) 

The system would’ have two main 
components The first would be a Na- 
tional Council -for Science and Techno- 
logy, a “normative body” responsible 
for setting policy goals and research 
priorities The council would be made 
up of eminent scientists and those res- 
ponsible for the various scientific and 
technological research institutes The 
second would be an administrative 
body known as the National Institute 
for Sctence and Technology In addi- 
tion to carrying out the policies deter- 
i the institute 
would be responsible for setting up 
both an Advanced Centre for Science 
and Technology—a type of "Peruvian 
MIT”. as Dr Pinilla describes it, con- 
cerned with postgraduate studies and 
research—and a national Centre for 
Scientific and Technological Documen- 
tation. 

Dr Pinilla has suggested that the 
head of the national system act as both 
president of the council and as direc- 
tor of the institute, and that in recog- 
nition of the central role of science 
and technology in the country’s eco- 
nomy, he or she be given equivalent 
ministerial status to the director of the 
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National Planning Institute 

The proposed science policy machin- 
ery has received enthusiastic support 
from amongst others, the science policy 
secretariat of the United Nations Edu- 
cational, Scientific and Cultural Organ- 
isation (UNESCO), which has been 
promoting the “minister of science” 
approach for a number of years. 

Others inside the country, however, 
are less enthusiastic. Despite Dr 
Pinilla’s promise that the system will 
“respect the academic autonomy” of 
individual research institutions, they 
are worried that attempts will be made 
to impose unrealistic goals and objec- 
tives while limiting flexibility. 

Particularly concerned are members 
of ITINTEC, an agency set up by the 
government in 1971 to stimulate re- 
search in the various areas of produc- 
tive industry. At present. although 
working to support areas that have 
been given priority by the government, 
ITINTEC ts able to operate relatively 
independently because its main income 
comes directly from industry. 

Under the law establishing ITIN- 
TEC, all companies in Peru have to 
set aside 2% of their gross profits each 
year for research. A company can 
either submit for ITINTEC’s approval 
a research project which it wishes to 
carry out itself, or hand the money 
over directly to ITINTEC, which will 
use it to finance its own research. 

The model seems to have worked 
quite well, and the Venezuelan govern- 
ment is contemplating introducing a 
similar system (see above). Over a 
third of ITINTEC’s research projects 
are carried out by universities, and the 
institute has established centres for 
wood technology and non-metallic 
materials, as well as what is claimed 
to be the best technical information 
service in Peru. 

Furthermore ITINTEC has recently 
received a $2 million grant from the 
US Agency for International Develop- 
ment to investigate the application of 
“appropriate technology” ideas to Peru 
—a project which will include studying 
the possibility of restoring the famous 
agricultural terraces built by the Incas. 
now realised to be a highly efficient 
means of using soil and rain-fall in 
mountain areas. 

Under the proposed new system. 
although ITINTEC and other research 
institutes would remain responsible for 
developing and carrying out their own 
research programmes. they would be 
required to present plans and budgets 
to the National Council for prior ap- 
proval. “We feel strongly that tech- 
nological research and development 
should be carried out within each sec- 
tor of industrv. without heing subject 
to any strong centralised control. 
which we have heen lucky enough to 
avoid in the past.” according to Dr 





Inca terracing: old but efficient 


Jorge Boggio, ITINTEC’s director of 
technology. ““Also, although we agree 
on the need to coordinate the country’s 
scientific and technological research 
activities, | think it is wrong to give 
responsibility to a body whose mem- 
bers have had little experience of tech- 
nological development. 

Related views are expressed at the 
National Planning Institute, which has 
had a strong influence on carving out 
Peru’s highly nationalistic industrial 
policy in recent years. `I feel that our 
country needs a very clear and long- 
term plan for science and technology. 
but it must be built on the long-term 
objectives of socio-economic planning.” 
says the director of the institute’s office 
of research and planning, Dr Fernando 
Gonzales Vigil. “We need to determine 
broad priorities first. and then inside 
these priorities to put an emphasis on 
Specific areas of knowledge. rather 
than the other way round.” 

Much will depend on the attitude of 
the new Minister for Industry, Admi- 
ral Jorge Du Bois Gervase, a former 
head of the industrial service of Peru’s 
navy and therefore. it is claimed. well 
aware of the problems of relating re- 
search to operational needs, 

Another factor will be the effects of 
the austerity measures that the govern- 
ment has heen forced to take to avoid 
defaulting on its loans from the Inter- 
national Monetary Fund. Although a 
proposal to eliminate industry's re- 
auired contribution to ITINTEC has 
heen successfully headed off, for exam- 
ple. the institute remains vulnerable 

But whatever the outcome. manv 
feel that the policy finally adopted is 
likely to be one that increases support 
for the private sector. and weakens the 
role of state planners. “This would be 
the more logical outcome. taking into 
account the various national and 
foreign interests,” says Dr Vigil O 


12 October 1978 


Andean Pact 
propose 
research tax on 
Ist world 


ALREADY bidding for a place on the 
agenda of next years UNCSTD 
meeting in Vienna is a proposal that 
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has been put forward jointly by a 
group of Latin American countries 
and the Economic Commission for 
Latin America (ECLA) to establish 
a new fund for supporting techno- 
logical development ventures in the 
Third World. 

The countries concerned— Bolivia, 
Colombia, Ecuador, Peru and Vene- 
zuela—are members of the Andean 


Pact, an economic federation formed 
in 1969 to harmonise and coordinate 
the economic and technological policies 
of its constituent states. 

From the beginning, the Andean 
Pact countries have expressed, mainly 
through the reports and studies of its 
secretariat’s technical group, the 
Junta del Acuerdo de Cartagena, fierce 
criticism of the way that existing 
technology transfer and patent licens- 
ing policies have increased the 
dependency of the developing on the 
developed world. 

The proposed fund is intended to 
strengthen the indigenous research 
and development capacities of develop- 
ing countries. Contributions would be 
based on the size of the balance of 
trade on manufactured goods between 
rich and poor countries, with the 
general assumption that the greater 
the imbalance, the greater will be the 
technological gap 

Details of the proposals are now 
being revised in the light of comments 
made when the idea was discussed at 
the UNCSTD regional meeting for 
Latin America in Panama in August 
Although doubts were raised by some 
of the countries present—mostly those 
claimine to be at an “intermediate” 
stage of development—others gave it 
enthusiastic support. 

The Pact’s position on technology, 
spelt out in a joint Decision 84 signed 
in June 1974, is based on the premise 
that if a country is to have control 
of its own development programmes. 
it is not enough merely to control 
the investment of capital (for example 
by regulating the financial activities of 
multinational companies). Equally im- 
portant is control over the develop- 
ment and use of technology 

“It is easy to show. for example by 
looking at the way that the patent 
system has been used. that unless you 
have people who can control the 
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Cooperation to improve production technique. Left: coppermine in Chile. Right: ore analysis in Bolivia. 


technology—and not just capita! alone 
—you will remain in a position of 
dependence on the industrialised 
nations,’ says Dr Luis Soto-Krebs, a 
Chilean metallurgist who is director 
of the Junta’s science and technology 
policy group. 

One paragraph of Decision 84 states 
that “the high fixed costs of research 
and development necessitate careful 
choice of research priorities and the 
avoidance of duplication of effort”. 
The member countries agreed to 
develop sub-regional methods for 
generating new technologies through 
the application of local knowledge and 
research, and also to apply these 
techniques to some pilot projects. 

One of the first projects was to 
improve techniques for copper produc- 
tion, a major source of revenue for 
Peru, Bolivia, and Chile (which was 
until 1975 a member of the Andean 
Pact). 

Two problems were tackled simul- 
taneously. The first was to develop new 
hydrometallurgical techniques for ex- 
tract: = copper from low grade ores; 
the second was to build up, virtually 
from scratch in the case of Bolivia, 
indigenous research and development 
that would cut down dependence on 
foreign technology and know-how. 

Engineers and scientists from Peru 
and Bolivia went to Chile—the most 
advanced of the three in copper 
technology—for a one-month seminar 
in 1974 on the theory and laboratory- 
practice of copper extraction. They 
also spent some time working in differ- 
ent types of extraction plants in Chile, 
“The basic idea was that everyone in 
the project should have a common 
language; that people in the lab should 
know about the problems of the plant, 
and vice versa,” said Dr Soto-Krebs. 


Members of the Bolivian team. 
which concentrated on methods of 
using conventional sulphuric acid 


leaching of the oxide ores, set to work 
on the design of a plant planned for 
the Corocora area by the Bolivian 
Mining Corporation (COMIBOL,) that 
would process between 300 and 600 
tons of ore a day. 

Much of the work involved basic 
geological studies of the site of the 


plant, and of the properties of the 
ores—often using testing facilities made 
available by Peru. Three years’ work 
resulted in detailed plans for what is 
proudly called “the first Bolivian- 
designed copper extraction plant” 
being handed over at the Junta’s head- 
quarters in Lima earlier this year. 

Officials hope that capital for build- 
ing the plant will soon be made 
available, probably by West Germany, 
which helped to subsidise the initial 
research and development work. They 
also point out that the team which 
drew up the plans now has the experi- 
ence to tackle other similar projects. 

The Peruvians carried out much of 
their project in a research laboratory 
set up in La Oroya, the centre of 
Peru's mining industry. The aim was 
to investigate ways of exploiting bac- 
teriological leaching techniques for 
concentrating the ore, already known 
about by larger copper companies in 
the US, but little used or understood. 

With the help of a German scientist 
who had been studying the relation- 
ship between bacteria and crystal 
structures, and two Canadian scientists 
who had been looking at applications 
of bacteriological leaching, Peruvian 
biochemists were able to separate out 
and reproduce those bacteria most 
suitable to local ores. Starting from 
ore samples no larger than 300 grams, 
the research built up until it was able 
to build and operate a pilot plant. “Tt 
soon became clear that we were almost 
in the front line of this research, and 
we came out with a method for very 
fast leaching very different from what 
was already being done,” says Dr 
Soto-Krebs. 

The pilot plant is now producing 
two tons of copper a day at a con- 
siderably lower cost than conventional 
extraction techniques. Bacterial leach- 
ing also has the advantage of being 
non-polluting—since there are no 
exhaust gases to discharge into the 
air—and of being applicable to much 
lower grade ores than could previously 
be handled. 

Since the success of the two copper 
projects, two other technological de- 
velopment projects have been set up 
by the Junta along similar cooperative 


lines, one studying the use of forest 
products, a second looking at nutrition 
and food production. Other projects 
in the pipeline include a proposal for 
a joint investigation of techniques for 
the gasification of coal, of which 
Venezuela and Colombia in particular 
have large deposits. 

“Too often our people are con- 
vinced they can do nothing but 
we have now convinced people at the 
highest level that carrying out our 
own technological development is not 
a dream. and that investing in the 
generation of such technology ts not 
useless,” says Dr Soto-Krebs 

Financing for similar types of pro- 
iects could, it is claimed, be provided 
by the new fund which is being sug- 
gested to UNCSTD. The idea for such 
a fund was first raised at a meeting 
in Caracas earlier this year by Dr 
Francisco Sagasti, the Perurian CO- 
ordinator of a five-year study of science 


and technology policy in Latin 
America that has been financed by 
Canada’s IRDC. 

“One area of top priority in 


stimulating cooperative research 
ventures between developing countries 
is providing financial support,” says Dr 
Sagasti. “What is being suggested is 
that the developed countries make 
available a sum proportional to the 
imbalance in trade in manufactured 
goods with the developing nations, 
calculated on a regional basis.” 

Dr Sagasti estimates that, using 1977 
trade figures and calculating on the 
basis of 0.25 per cent of the trade 
imbalance in manufactured goods, 
Latin American countries would re- 
ceive about 60 millien from the USA, 
Japan and members of the EEC alone 

“Such a mechanism would help to 
increase significantly the flow of funds 
for scientific and technological activi- 
ties in the Third World, thus initiating 
a gradual process of redistribution of 
the world science and technological 
effort.” said Dr Sagasti cy 


NEXT WEEK: a report by Davi 
Dickson on the role of the scientists 
in Brazil in criticising Brazilian 
energy policy: and environmental 
research in the Amazon 
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Fusion first for USSR 


Sizn,--A short report was published 
(Nature 269, 370; 1977) concerning the 
“generation of neutrons by thermonuclear 
fusion using a concentric explosion with 
an exceptionally high degree of 
symmetry’. The results were obtained by 
the Polish group headed by Professor S. 
Kaliski and were announced at an 
international conference in Prague. 

Similar results obtained in the Soviet 
Union were made public in 1958 by 
L. A. Artsymovich at the Second 
International Conference of the Peaceful 
Uses of Atomic Energy held in Geneva. 
(L. A. Artsymovich, Controlled fusion 
research in the USSR; Proceedings of the 
Second United Nations International 
Conference of the Peaceful Uses of 
Atomic Energy, 2298, 31, 1958). 

As early as 1955, 10° neutrons per 
impulse were generated in our experiments 
(which were mentioned by L. A. 
Arisymovich) by focusing converging 
spherical shock waves on a UD.T target. 
In 1963 for UD; and gaseous D; targets 
this nurnber was increased to 3 x 10". 
The converging shock wave was formed 
by implosion of a spherical charge of 
explosive. In most of the experiments the 
external diameter of the design was about 
70cm, the mass of gaseous D- being about 
310°" g. 

Yours faithfully, 
A. S. KOZYREV 
V. A. ALEKSANDROV 
N. A. Porov 
Leningrad, USSR 


Correspondence and papers 
of Michael Polanyi 


Sir,—A major part of Michael Polanyi’s 
papers is now in the Joseph Regenstein 
Library at the University of Chicago. 
These are the papers that were in his 
possession in Oxford, but no systematic 
effort has been made so far to collect 
correspondence, manuscripts and 
memorabilia from people with whom he 
was in touch, The question as to how to 
collect this material comes at a time when 
a biography is being undertaken by 
Professor W. T. Scott of the University of 
Nevada in Reno. In the effort to combine 
the advantages of having original 
documents available for scholarly use at a 
centre in Britain, with access to the 
material by the biographer, and ultimate 
deposit of copies in the Chicago archive, 
we wish to make the following request. 
We ask anvone possessing such material 
to make copies, and to send the originals 
to Miss Cicely Argyle, 12 Sunderland 
Avenue, Oxford. She will acknowledge 
receipt, and will deliver the material to the 
Contemporary Scientific Archives Centre 
in Oxford. This centre, under the direction 
of Professor Margaret Gowing, will 
process and catalogue the material and 
deliver it for permanent deposit to the 
Bodleian Library. 
The making of copies before entrusting 
documents to the post is clearly important. 


The biographer would appreciate having 
these copies sent to him, and undertakes to 
see that when he has made use of them 
they will finally be sent to the archive in 
Chicago to fill out that collection. He 
would also appreciate receiving any 
recollections and memorabilia, as well as 
suggestions of other sources of material. 
His address is: Professor W. T. Scott, 
Dept. of Physics, University of Nevada, 
Reno, Nevada 89557 U.S.A. 
Yours faithfully, 

G. N. BURKHARDT 

W. MANSFIELD COOPER 

ALISTER HARDY 

RoBIN HODGKIN 

ARTHUR KOESTLER 

DRUSILLA SCOTT 

Topp 

T., F. TORRANCE 

VERONICA WEDGWOOD 


Effective trypanocides 


Sir,—I was astonished to read the 
statement by your contributor Hugo 
Van den Bossche in his article 
‘Chemotherapy of parasitic infections’, 
(22 June, page 626) that Berenil “‘is at 
present the only effective trypanocide 
left for use in cattle”. 

The reference given for this 
information is ‘Williamson J., Trop. 
Dis. Bull. 73, 531-542 (1976Y. It is 
most unfortunate that an erroneous 
statement such as this should be 
perpetuated and re-published. 

The facts are that several other 
products are available for the control of 
bovine trypanosomiasis, including 
‘Samorin’ and ‘Novidium’ (May & Baker 
Ltd.), ‘Ethidium’ and ‘Prothidium’ (The 
Boots Co. Ltd.), “Prypamidium’ 
(S.P.E.C.LA.) and ‘Antrycide’ (LCL. 
Ltd.). 

Yours faithfully, 
J. P. Cavi 
May & Baker Ltd, 
Upminster, Essex, UK 


Credibility of the 
anti-nuclear lobby 


Sir,—1I hope I am not too late to 
comment on Professor Pearce’s 
thought-provoking contribution to the 
nuclear debate (20th July, p260). 


@A “selective, admonishing and often 
haughty style” is surely more 
characteristic of the “anti-nuclear 
lobby“ than of Mr Justice Parker. 


@Difficult though Professor Pearce finds it 
to see how “anv sane mortal would 
perpetrate false claims so as to foist an 
unsafe industry on an unsuspecting 
public”, this appears to be exactly the 
opinion of many of the nuclear 
industry’s critics. | also rather suspect 
that his remark about "the desire to be 
right and toe the party line” again 
describes an attitude more characteristic 
of the critics than of the industry. 


@! doubt if anvone would argue that the 
nuclear power industry never makes 


mistakes. But I would like to advance 
the apparently outlandish idea that the 
anti-nuclear lobby can make mistakes too. 


@Professor Pearce’s point about a 
possible change in the make-up of 
society invalidating the case for nuclear 
power is weak on two levels. First, what 
would we think of an administration 
which declined to build public housing, 
schools or hospitals, or even to reform 
itself, on the grounds that presently 
prevailing values cannot be assumed to be 
those of the future? Second, even if 
society changes world-wide in the direction 
the critics wish, there will still be a 
demand (albeit reduced) for central 
power stations. Is there not then a case 
for building nuclear plant, and allowing 
the dearer, dirtier and more dangerous 
coal and oil burners to be phased out? 
To forestall a possible objection, I fully 
agree that a community limited to near 
the surface of one planet cannot continue 
to grow indefinitely. But why the optimum 
level] of economic activity should be just 
that of the developed world in 1978 has 
never been explained, to my satisfaction 
at least. 


@it is certainly proper to put a case 
against nuclear power. But the advocates 
of this case are surely honour bound 

(as I think Professor Pearce would agree) 
both to examine this case themselves, and 
to permit others to do so. It is my 
distinct impression that many of the 
present ‘antis’ do neither now, and 

would do neither in the future in 
Professor Pearce’s “institutions to debate 
and evaluate those alternatives”. 


@While not all the opposition to nuclear 
power is irrational, a great deal of it 
certainly is, and it is surely unfair to 
castigate as “hysterical outbursts” any 
statement to this effect. 


@in the face of some of the arguments 
put to him, is it not understandable that 
Mr Justice Parker should occasionally be 
“perplexed and confused"? For example, 
reportedly one suggestion was that future 
energy needs should be met with “cosmic 
forces”. This sort of talk perplexes and 
confuses even me, and if that makes me 
a haughty and unfeeling rationalist, 

so be it. 


@Wheiher the debate becomes a conflict is 
surely in the hands of the critics as much 
as of the industry. The death of a 
demonstrator at Creys Malville in France 
makes this point sadly dramatic. A 
recent article in New Scientist G August, 
p349) is distinctly ominous, and I for 

one would welcome Professor Pearce’s 
comments on the kind of tactics 

hinted at therein. 

Lastly because of the tone of the 
“debate”, I had better state that Tam a 
physicist with no professional 
connection to the nuclear industry. I also 
hold that complete lack of bias, like 
perfect social justice, is an unattainable 
ideal. But, again like social justice, it is 
very much worth-while to work towards it. 

Yours faithfully, 
F. CRAWFORD 


Klein Dottingen 
Switzerland 
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tranquillisers of the benzo- 
diazepine series (diazepam = Valium 
for example) are the most widely 
prescribed of all psychotropic drugs. 
The discovery last year (Squires & 
Braestrup Nature 255, 732; 1977; 
Mohler & Okada Science 198, 849; 
1977: see News and Views 266, 678; 
1977) of specific high affinity binding 
sites for “H-diazepam in mammalian 
brain, possibly representing a novel 
type of ‘benzodiazepine receptor’. was 
thus an exciting breakthrough. 

Previous work on this group of 
drugs had suggested that they might 
mimic or enhance the synaptic actions 
of the inhibitory amino acid trans- 
mitter y-aminobutyric acid (GABA) in 
the brain. At first. biochemical studies 
failed to reveal any direct connection 
between benzodiazepines and GABA 
at the receptor level. Thus benzodiaze- 
pines did not influence the binding of 
*H-GABA to its receptor sites in brain 
membrane preparations. and conversely 
GABA and related drugs did not in- 
fluence “H-diazepam binding. A series 
of recent studies. however. now sug- 
gests that some interaction may exist 
between the two types of receptor. 
Thus, Tallman er al (Nature 274, 383: 
1978) report that GABA and the 
GABA-like drug muscimol cause an 
increase in the apparent affinity of bind- 
ing sites for “H-diazepam in rat cortical 
membranes in vitro. This effect is 
blocked by the GABA antagonist bicu- 
culline., which itself lowers the affinity 
of the drug receptor sites for *H- 
diazepam. 

Other studies suggest that. as with 
enkephalins and opiate receptors. brain 
normally contains an endogenous ligand 
for the benzodiazepine sites. Thus. 
Karobath er al. (Eur. J. Pharmac. 49, 
A: eTe) and Marangos er al. (Life 
Sci. 22, 1893: 1978) describe the exist- 
ence in acid acetone extracts of bovine 
brain of substance(s) (molecular weight 
less than 1000) which inhibit the bind- 
ing of “H-diazepam. The specificity of 
these compounds. however, is not yet 
clear. The substance described by 
Karobath er al. for example. was 
present not only in brain but could be 
detected in even larger amounts in 
peripheral tissues such as heart and 
skeletal muscle. 

A very interesting proposal has been 
made by Toffano et al. (Proc. natn. 
II IL eae E A PNG IE Lala ale 
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GABA and 
benzodiazepine 
receptors 


from Leslie L. Iversen 








Acad. Sci. U.S.A., 75, 4024: 1978), (see 
also Guidotti et al. Alfred Benzon 
Foundation Symposium GABA Neuro- 
transmitters, 22-25 May, 1978, Munks- 
gaard, Copenhagen. in press; Guidotti 
et al. this issue of Nature, page 535). 
who describe the purification from rat 
brain of a protein which seems to act 
both as a ligand for benzodiazepine 
receptors and as a modulator of GABA 
receptors. They studied the binding of 
*H-GABA to synaptic membranes from 
rat brain in vitro, and confirmed what 
others have found (Enna & Snyder 
Molec. Pharmac. 13, 442; 1977; Green- 
lee et al. Life Sci. 22, 1653; 1978), 
namely that high affinity binding of 
*H-GABA is not detectable in freshly 
prepared membranes but becomes evi- 
dent only after the membranes have 
been subjected to exhaustive washing. 
In fresh membrane preparations only a 
limited amount of specific “H-GABA 
binding. with relatively low affinity 
(Ka ~ 200 nM) can be detected. 
whereas after repeated washing. freez- 
ing and detergent treatment specific 
binding increases and a high affinity 
component (Ky ~ 20nM) is revealed. 
The supernatant fractions from fresh 
membrane preparations contained a 
substance which inhibited high affinity 
GABA binding when added to washed 
membranes. Chromatographic purifi- 
cation of this material yielded a 500- 
fold enrichment of a heat stable pro- 
tein. with apparent molecular weight 
15.000. The possible relation of this 
endogenous inhibitor of GABA re- 
ceptors to benzodiazepine receptors 
stems from the observation that the 
purified substance is able to inhibit the 
binding of *H-diazepam when brain 
membranes are preincubated in its 
presence. Furthermore. incubation of 
fresh membrane preparations with 
quite low concentrations of various 
pharmacologically active benzodiaze- 
pines seems to displace the endogenous 
inhibitor and converts the GABA 
binding properties of such membranes 


to the high affinity type normally seen 
after removal of the inhibitor protein 
by washing. Thus, the benzodiazepines 
might act normally to enhance the 
actions of GABA at its receptors by 
displacing an endogenous modulator 
protein which forms part of a macro- 
molecular complex constituting the 
GABA receptor-ionophore. | 

This attractive hy: 
tainly generate a grer 
and further work. Tt iS 
prising that small ama the e 
dogenous GABA. recep or inhibitor 
could be detected in, non-ce ral 
tissues such as liver. “Fhe relev f 
this mechanism to the pharny 
actions of benzodiazepines ; 
critically on the correlation — : 
the known pharmaco gical actions of 
various benzodiazepines in vivo and 
their ability to displace the endogenous 
modulator protein from brain mem- 
branes; so far only a limited number 
of such drugs have been tested. 

Our understanding of the cellular 
localisation: and molecular nature of 
the benzodiazepine receptors remains 
limited. Labelling cf benzodiazepine 
receptors in vivo Fas been demon- 
strated using “H-flunitrazepam (Chang 
& Snyder Eur. J. Pharmacol, 48, 213; 
1978) and *H-diazepem (Wilillamson et 
al. page 533, this issve of Nature). The 
findings of Chang et al. (Proc. natn. 
Acad. Sci. U.S.A. in the press) 
suggest that these receptors are 
located in large pert on glial cells 
in rat brain. They report that a variety 
of chemical or surgical lesions which 
destroy the neuronal elements in 
corpus striatum or cerebellum of rat 
brain fail to alter the density of benzo- 
diazepine binding sites in these brain 
areas. Furthermore, benzodiazepine 
sites were enriched m subcellular frac- 
tions containing glial cells, and like 
Guidotti et al., Chang er al. were able 
to detect high affinity benzodiazepine 
binding sites in membranes prepared 
from rat C6 glioma cells. The postu- 
lated glial localisation of benzodiazepine 
sites, however. is nct easy to reconcile 
with the notion that these sites interact 
directly or indirectly with GABA re- 
ceptors. which are thought to be 
located largely on aeurones. The fact 
that “H-diazepam aad “H-GABA bind- 
ing sites do not show parallel dis- 
tributions among brain regions in any 
case suggests that they are not necess- 
arily linked——and indeed may not even 
occur on the same cellular elements. D] 
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Anomalous cosmochronology . . . 


from Stephen Moorbath and David N. Schramm 


From the comprehensive sweep of 
topics at a recent conference on the 
use of isotopic dating in geology and 
cosmology*, it is clear that isotopes can 
shed light on almost every aspect of 
Earth and Planetary Sciences. Reviews 
ranging from their use in dating the 
Universe to their use in deducing the 
diet of our ancestors indeed provided 
food for thought. 

There has been a revolution in our 
understanding of the early Solar 
System as a result of the discoveries of 
isotopic anomalies in Allende and 
other carbonaceous chondritic meteor- 
ites. The discoveries were led off in 
1973 by Clayton and his group at the 
University of Chicago, who discovered 
that the oxygen isotopic composition 
had large variations which could not be 
explained by simple fractionation and 
seemed to require an admixture of a 
different nucleosynthetic component 
that that of the bulk of the Solar 
System material. The addition of these 
non-standard nucleosynthetic compon- 
ents was given a timescale when 
Typhoon Lee, D. Papanastassiou, and 
G. J. Wasserburg (Caltech) showed that 
A] was present when objects in the 
Solar System solidified. Since ““Al was 
presumably made in a supernova and 
A] has a half-life of only 7x 10° yr, 
this seemed to indicate that a super- 
nova explosion had occurred within a 
few million years of the formation of 
the Solar System, and had injected 
freshly synthesised material into the 
protosolar cloud. With these observa- 
tions in mind, various astrophysical 
theorists have developed models for 
forming the Solar System utilising 
supernova shocks and grain formation 
and penetration as a means of getting 
the anomalies from the supernova into 
the protosolar cloud. 


New isotopic anomalies 

At the Snowmass conference, obser- 
vations of new isotopic anomalies both 
elucidated and complicated the scen- 
ario. Although most of the rocks in 
Allende have almost normal Solar Sys- 
tem isotopic composition, with the ex- 
ception of oxygen anomalies and excess 
“Mg due to the decay of AL, it was 
found about a year ago that two inclu- 
sions in Allende, labelled C-1 and EK 
1-4-1, were anomalous for almost every 
element included. In addition, the 
nature of the isotopic anomalies was 
different in each inclusion. For €x- 


*The Fourth International Conference on Geo- 
chronology, Cosmochronology and Isotope Geology 
was held at Snowmass-at-Aspen, Colorado, August 
20-25, 1978. 
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ample, where one particular set of 
neutron-rich isotopes might be enriched 
in EK 1-4-1, the same set is depleted in 
C-l. The discovery of the anomalies in 
these samples was made by Clayton’s 
group, Wasserburg’s group, and G. 
Lugmair (University of California, San 
Diego). New and extremely intriguing 
isotopic information on these two in- 
clusions was presented. In particular, 
hopes for a simple explanation tying all 
the anomalies to one type of nucleo- 
synthetic process were complicated by 
the discovery that in some mineral 
separates both proton-rich and neutron- 
rich anomalies were found, whereas in 
others only one or the other was 
present. Also, whereas C-1 seems to 
show more elements anomalous than 
normal material, it is depleted in the 
amount of freshly injected “AI Since 
the anomalies in C-1 for the most part 
tend to be depletions rather than ad- 
ditions, this may mean that C-1 is a 
‘truer’ sample of the protosolar ma- 
terial, and what we now call normal is 
really a well-mixed sample, including 
the ejecta from a supernova. Perhaps 
EK 1-4-1 is a sample in which the 
supernova ejecta is enriched relative to 
normal. The question of the composi- 
tion of the different components which 
went to make up the Solar System and 
eventually became mixed together to 
yield what we call normalised isotopic 
composition will continue to be worked 
on, and there are, no doubt, going to 
be many new surprises. 


Universality 
The universal nature of the **Al 
chronology. and thus its significance, 
was strengthened considerably by new 
results reported by J. C. Lorin and 
M. C. Michel-Levy (Paris) who showed 
that “AI anomalies are also present in 
the Leoville carbonaceous chondrite, 
whilst J. D. MacDougall (University of 
California. San Diego) and D. Phinney 
(Johnson Space Center) showed that 
the carbonaceous chondrite Murchison 
also had “Al enrichment comparable to 
that in Allende. They also found that 
some samples of Murchison showed ex- 
tremely large mass fractionation of Mg 
isotopes. This large mass fractionation 
is Intriguing because the only other 
samples that have shown large isotopic 
fractionation were EK 1-4-1 and C-1. 
One point which received some at- 
tention was the relation between the 
10°-vr A} time scale and the 10*-yr 
time scale relating the last nucleosyn- 
thetic event to produce “I and Pu to 
the time when xenon daughter pro- 
ducts of these two radioactive nuclei 


Nature Vol. 275 12 October 1978 


were retained in meteorites. Typhoon 
Lee and his collaborators at Chicago 
showed that it may be quite possible 
for a supernova simultaneously to 
make the “Al and the neutron-rich 
heavy anomalies observed in EK 1-4-1 
and yet not produce '“I and “Pu. On 
the subject of I, one point brought 
out by A. Zaikowski (University of 
California, Berkeley) was that in 
Allende there seem to be at least two 
separate periods of condensation sepa- 
rated by about 3.7 Myr. That is, the 
“I seemed to be included in some 
rocks 3.7 Myr before others. This 
shows that some material in a meteor- 
ite may be considerably more primitive 
than other material in that same 
meteorite. C. Allègre and a team at 
Paris are trying to utilise the different 
nucleochronologies and retention times 
from Pb, Sr, Ar and Xe to show that 
the time/temperature history of the 
early Solar System was probably not 
monotonic, but went through at least 
one secondary reheating stage for 
which he set some parameters, but not 
all. 

Hints of possible new results which 
have not vet been substantiated, but 
which if true would be extremely excit- 
ing, were presented by O. Manuel 
(University of Missouri, Rolla) who 
showed that there may be a correlation 
of Te isotopic anomalies with the 
strange Xe anomalies found enhanced 
in some carbonaceous chondrite ma- 
terial by E. Anders and his group at 
Chicago. Another intriguing suggestion 
based on preliminary experimental re- 
sults was that of J. L. McCrumb and 
his collaborators at San Diego. who 
suggested that it may be possible for 
chemical fractionation to produce non- 
linear isotopic effects. If true, this 
would have extremely important im- 
plications for interpretations of such 
things as the oxygen isotopic anomaly. 

There was also discussion of cosmo- 
logical timescales as well as the discus- 
sion of timescales in the early Solar 
System. It was pointed out by 
K. Hainebach and his collaborators 
that a consistent age for the Universe 
can be obtained. utilising not just 
nucleocosmochronologies. but also the 
traditional Hubble dynamics and glo- 
bular cluster ages and big bang nucleo- 
synthesis. The age for the Universe 
where all methods agree is between 
13.5 and 15.5 billion yr. 


pay asartar: ainaani mrami ma anyarna Anaiari hannan 
soy At guauanannnin mrana aryna a = 


Stephen Moorbath is in the Department 
of Geology and Mineralogy, University of 
Oxford and David N. Schramm is at the 
Enrico Fermi Institute. University of 
Chicago. 
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... and geochronological anomalies 


Many papers discussed the application 
of all the available age methods to 
igneous, metamorphic and sedimentary 
rocks from all over the world, ranging 
in age from ancient to almost modern. 
Finding the oldest terrestrial rocks is a 
fashionable and prestigious exercise. J. 
Barton Jr. (Witwatersrand University) 
obliged with gneisses from the Lim- 
popo belt of southern Africa which 
yielded a rubidium—-srontium whole 
rock isochron age of nearly 3.8 billion 
yr, although the uranium-—lead sys- 
tematics of these rocks are highly com- 
plex and gave younger ages. At the 
other end of the geological time scale, 
the controversy regarding the age of 
the KBS-tuff, an important marker 
horizon in the Plio-Pleistocene succes- 
sion of Northern Kenya, continues un- 
abated. G. H Curtis and his 
collaborators (University of California) 
favour an age of ~ 18 Myr, whereas 
F. J. Fitch and coworkers, from the 
Universities of London and Cambridge, 
favour ~ 2.5 million years Clearly a 
tuff nut to crack! 

The new and exciting samarium- 
neodymium age method was thoroughly 
aired by many workers. The geochemi- 
cal coherence of parent and daughter 
forms a sharp contrast to the rubidium- 
strontium and uranium—lead methods 
and offers the possibility of tracing 
crustal evolution in certain geological 
environments which could wholly or 
partly disturb rubidium-—strontium and 
uranium-lead systematics. 


Geochemistry 

On the application of initial stron- 
tium, lead and neodymium isotopic 
ratios to petrogenetic studies of igneous 
rocks-and of the geochemical and tem- 
poral evolution of the Earth’s conti- 
nental and oceanic crust, and of the 
upper mantle, most speakers considered 
that geochemical heterogeneities have 
existed in the upper mantle for at least 
I to 2 billion years, as judged from 
isotopic measurements on oceanic 
basalts. Another issue, still highly con- 
troversial, concerns the origin of calc- 
alkaline lavas, (mostly andesites) at 
continental margins, such as the west 
coast of South America. Conflicting 
interpretations of ‘anomalous’ isotopic 
and trace-clement compositions -were 
proposed by D. E. James (Carnegie 
Institution, Washington) and by J. R. 
Lancelot and colleagues (University of 
Montpellier and United States Geo- 
logical Survey, Denver) James favours 
derivation of andesites by massive sub- 
duction and partial melting of vast 
quantities of sediments of continental 
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origin, whereas Lancelot ef al. prefer 
selective sialic contamination with 
radiogenic strontium of an essentially 
mantle-derived magma with low “Sr/ 
"Sr ratio during fractional crystallis- 
ation of the calc-alkaline liquid. This 
controversy is closely related to the 
problem of whether the continental 
crust grows through geological time, 
or whether its volume has remained 
essentially constant. I (S.M.) believe 
that the bulk of isotopic, geological, 
geochemical and geophysical evidence 
very definitely favours continental 
growth. but both arguments will con- 
tinue for a long time yet. Nonetheless 
it is now certain that continental 
igneous rocks frequently acquire an 
isotopic imprint of the older conti- 
nental crust through which they make 
their way to the surface, and this 
phenomenon can be used to provide 
constraints for the age and nature of 
rocks at depth which are not exposed 
at the surface at that particular locality. 
P N. Taylor and S. Moorbath (Uni- 
versity of Oxford) reported .that the 
3.7 billion yr-old sialic craton of West 
Greenland appears to underlie only a 
very small part of the voluminous, ex- 
tensively exposed 29 billion  yr-old 
craton. Furthermore, W. Compston and 
B. Chappell (Australian National Uni- 


Presynaptic receptors 
from S. Z. Langer 


THE classical picture of events at nerve 
endings and synapses has been modi- 
fled over the past few years by ac- 
cumulating evidence for the existence 
of presynaptic receptors for neuro- 
transmitters, in addition to the classical 
postsynaptic receptors which mediate 
the response of the effector organ (in 
the periphery) or of the postsynaptic 
neurone (in the central nervous 
system). The presynaptic receptors, 
found on the outer surface of the nerve 
endings from which neurotransmitter 
is released, are thought to be involved 
in the modulation of the neurotrans- 
mitter release evoked by stimulation, 
by means of a negative feedback 
mechanism in which a neurotrans- 
mitter regulates its own release. 

As U. S. von Euler (Karolinska In- 
stitute, Stockholm) pointed out in his 
opening lecture at the First Inter- 
national Symposium on Presynaptic 
Receptors*, the first indications of the 


existence of presynaptic receptors can 
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versity) believe that they have demon- 
strated that Precambrian continental 
material was present in the lower crust 
of southeastern Australia during the 
early Palaeozoic, so that crust in this 
region did not originate solely as new 
oceanic crust at that time. 

On the non-radiogenic stable isotope 
front, the oxygen isotopes as always 
offer a wide range of fundamental geo- 
logical applications. F. J Longstaffe, 
H. P. Schwarcz and R. H. McNutt 
(McMaster University) have shown that 
up to the onset of partial melting the 
oxygen isotope ratios of Archaean 
granitoid gneisses reflect the nature of 
their protoliths. Fortunately, the con- 
clusions closely parallel those drawn 
from radiogenic isotope studies. Fur- 
thermore. the irrepressible H. P 
Taylor, Jr. (Caltech), as usual present- 
ing as many new data as all other 
workers combined, showed how oxygen 
isotope ratios vary sympathetically with 
‘initial strontium isotope ratios in pass- 
ing from west to east in the great 
Peninsular Ranges Batholith of South- 
ern and Baja California, and how this 
must reflect an increasing crustal com- 
ponent in the petrogenesis of this major 
rock unit. 

This was an important and magnifi- 
cently organised conference Those 
geologists who nowadays still ignore, 
misunderstand and disbelieve con- 
straints imposed by isotopic and geo- 
chronological data very definitely do so 
at thelr own peril gog 


be traced back as far as 1957 when 
results on the effects of alpha-adreno- 
ceptor blocking drugs on the stimula- 
tion-evoked release of noradrenaline 
from noradrenergic nerve endings 
triggered considerable interest (Brown 
& Gillespie J. Physiol Lond. 138, 81; 
1957). It was not until 1971, however, 
that the hypothesis was formulated that 
alpha-adrenoreceptors are present in 
noradrenergic nerve endings and are 
involved in negative feedback control 
of noradrenaline release Since then 
evidence for presynaptic receptors in 
the peripheral and central nervous 
systems has continued to accumulate 
(see for reviews Langer Biochem. Phar- 
mac 23, 1793; 1974; Br. J. Pharmac 
60, 481: 1977; Starke Rey. Physioi Bio- 
chem. Pharmacol TI, 1. 1977; Westfall 
Physiol. Rey. 57, 659; 1977) 

Evidence for the presynaptic location 
of the alpha-adrenoceptors that regu- 
late noradrenaline release has been 
found in the rat heart In this tissue 
there is a significant reduction of *H- 
dihydroergocryptine binding after de- 
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generation of the noradrenergic nerve 
endings induced by the administration 
of 6-hydroxydopamine. The loss of 
alpha-adrenoceptor binding sites after 
chemical sympathectomy indicates that 
some of these sites are located pre- 
synaptically on horndreneretc nerve 
endings. 

Several contributions stressed the 
fact that there are differences in affini- 
ties for agonists as well as for 
antagonists between the postsynaptic 
alpha-adrenoceptors that mediate the 
responses of the effector organ and the 
presynaptic inhibitory alpha-adreno- 
ceptors that regulate the release of 
noradrenaline during nerve stimulation. 
These differences open up the poss- 
bility that selective presynaptic agonists 
or antagonists could be developed to 
elicit pharmacological actions as a 
result of effects on neurotransmission. 
These changes in transmitter release 
can be brought about through the 
selective activation or blockade of pre- 
synaptic receptors, and might be of 
therapeutic importance in conditions 
such as hypertension, depression and 
schizophrenia. 

In addition to the presynaptic inhibi- 
tory alpha-adrenoceptors that regulate 
noradrenaline release in the peripheral 
and the central nervous systems, pre- 
synaptic receptors involved in negative 
feedback mechanisms for other 
neurotransmitters have been reported 
in the peripheral and in the central 
nervous systems. Evidence for pre- 
synaptic inhibitory muscarinic recep- 
tors was presented for peripheral as 
well as for, central cholinergic nerve 
endings. The presence of presynaptic 
inhibitory dopamine receptors was re- 
ported in the rabbit nucleus caudatus 
and also in the rat striatum. In addi- 
tlon, results were presented which are 
compatible with the presence of 
presynaptic inhibitory GABA recep- 
tors in the GABA-ergic nerve endings 
of the rat substantia nigra. It is there- 
fore possible that in addition to the 
presynaptic receptor systems involved 
in the autoregulation of the release of 
noradrenaline, acetylcholine, dopamine 
and GABA, that presynaptic receptors 
for other neutrotransmitters might be 
present in nerve endings to subserve 
the function of the fine regulation of 
transmitter release upon the arrival of 
nerve impulses. 

In addition to the presynaptic re- 
ceptors through which the neuro- 
transmitter can regulate its own release, 
a real mosaic of receptors seems to be 
present on the noradrenergic nerve 
endings. Evidence was presented for 
several presynaptic receptors which are 
involved in the inhibition of noradrena- 
line release during nerve stimulation: 
the m ic receptor, the dopamine 
receptor, the prostaglandins of the E 
series and in some neurones, the opiate 


and adenosine presynaptic inhibitory 
receptors Presynaptic receptors in- 
volved in the facilitation of the stimu- 
lation-cvoked release of noradrenaline 
include beta-adrenoceptors and also 
angiotensin II receptors. These pre- 
synaptic receptors can be activated by 
other neurotransmitters (acetylcholine) 
by circulating endogenous compounds 
(adrenaline, angiotensin IT) or to locally 
produced substances (prostaglandin, 
adenosine) to modulate transmitter 
release. 

In the central nervous system there 
is increasing evidence for the modula- 
tion of the release of neurotransmitters 
through presynaptic receptor mech- 
anisms. In the rat cerebral cortex 
B-endorphin and enkephalin reduce, 
while GABA enhances the stimulation- 
evoked release of noradrenaline. In 
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Intraplate earthquakes 


from Peter J. Smith 


Most of the world’s earthquakes occur 
in'narrow bands clearly associated with 
plate boundaries. To say that the 
causes and mechanisms of such earth- 
quakes are therefore perfectly under- 
stood would be to exaggerate, but at 
least it is possible to see in general 
terms that large-scale plate boundary 
could quite easily lead to violent re- 
leases of stress. But what about intra- 
plate earthquakes, of which there is a 
not insignificant number? By definition 
there are no intraplate active oceanic 
ridges, subduction zones or transform 
faults. So what causes earthquakes 
away from plate boundaries? 

There are several possibilities. Some 
intraplate earthquakes may be as- 
sociated with volcanism, and some 
specifically oceanic shocks registering 
on s¢ismographs may be due to under- 
water slumping Other seismic events 
seem to represent slippage of local 
faults) Whether such faults are always 
as local in cause as they are in 
geography is another matter, however, 
for some have probably been left over 
from the time when their present 
localities were closely associated with 
plate boundaries and others may result 
from stresses in the interior of a plate 
viewed as a membrane (‘membrane 
tectonics’}—stresses that are bound to 
be influenced by what happens at the 
edge of the plate. 

All three of these causes (‘slumping. 





Peter J. Smith is a Reader in the Depart- 
ment of Earth Sciences at the Open 
University. 
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addition, the stimulation-evoked re- 
lease of dopamine from dopaminergic 
nerve endings can be modified by 
acetyicholine and GABA Another 
example is the inhibition by enkephalin 
of the potassium-evoked release of sub- 
stance P. It was concluded that local 
neurotransmitter interactions involving 
presynaptic receptor systems may 
represent a physiological mechanism 
for the modulation of transmitter re- 
lease in the central nervous system 
Attention was drawn to the fact that 
presynaptic receptors can be acted on 
by exogenously administered agonists 
or antagonists to modulate the release 
of neurotransmitters induced by nerve 
impulses The potential therapeutic 
relevance of this principle was dis 
cussed and it seems that presynaptic 
receptors in the peripheral and the 
central nervous system could be con- 
sidered as target receptors for the 
development of new drugs. g 


fracture zone activity, and possible sub- 
marine volcanism’) have been invoked 
in a very general way by Estill and 
Odegard (Geophys. Res Lett. 5, 485; 
1978) to account for seismicity in the 
vicinity of the Hawaiian Islands Estill 
and Odegard were much less concerned 
with causes, however, than with the 
fact that the Hawaiian ridge appears to 
be more seismically active than pre- 
viously thought. They report that be- 
tween July 30, 1976 and March 30, 
1977 the Makapuu Ocean Bottom Seis- 
mograph, which lies 10km off the 
south-east coast of Oahu, recorded no 
fewer than 359 local events. Most of 
the epicentres determined (65 in all) 
occurred on, and in the immediate 
vicinity of, Hawaii, which is under- 
standable, although two events of Mi> 
4 took place near Oahu and Niihau, 
respectively, well away from the cur- 
rently active volcanic centre. 

But if Estill and Odegard have pro- 
duced an observational surprise, Camp- 
bell (Geophys. Res. Lett. S, 477; 1978), 
who is more concerned with cause than 
with observation, has come‘up with a 
theoretical one As part of a re-exam- 
ination of the Charleston, South 
Carolina, earthquake of 1886 (U.S. 
Geol Survey Prof Paper 1028; 1977) 
Long and Champion recently showed 
that earthquakes in the Charleston area 
occur in, or very close to, a large 
mafic/ultramafic crustal intrusion, and 
Kane has pointed out that there are 
similar intrusions in several other seis- 
mic regions of eastern North America. 
This has led several people to suggest 
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that some focal earthquakes may be 
caused by the stress concentrations set 
up by such intrusions in the felsic con- 
tinental plate. 

Campbell has now treated this prob- 
lem (or at least a simplified version of 
it) analytically. He shows that a ver- 
tical intrusion of circular or elliptical 
cross section is likely to produce stress 
concentrations only 20-30% greater 
than the regional stress if, as most 
workers have assumed. the intrusion 
has a greater rigidity (X 2 maximum) 
than that of the rest of the crust. In 
general, such a stress differential is un- 
likely to give rise to local seismicity. 
But if, as Kane suggested, the intrusion 
has been serpentinised, the picture is 
transformed. A serpentinised intrusion 
could have a rigidity up to 10 times 
lower than that of the surrounding 
crust. which could lead to stress dif- 
ferentials of up to 200%. Under these 
circumstances it is quite possible that 


earthquakes would occur in the con- 
tinental plate close to the intrusion. 

Of course, it is quite evident that not 
all crustal intrusions give rise to earth- 
quakes. Campbell speculates that this 
may be because some intrusions do not 
have mechanical properties sufficiently 
different from those of their surround- 
ings (that is, they are not serpentinised 
enough): because some do not go deep 
enough, do not have a small enough 
radius of curvature, and are no 
oriented appropriately to the regional 
stress field (as demanded by the model): 
and because some, though not excluded 
by these two considerations, may never- 
theless simply be too small to produce 
other than very low intensity events. 
Crustal intrusions may not account for 
all. or even most. intraplate earth- 
quakes. but as a possible cause they 
must certainly now be added to the 
existing list. 


Drosophila genetics at Szeged 


from Michael Ashburner and Peter Lawrence 


For peripatetic Drosophila geneticists 
the long hot summer ended with a 
meeting on Drosophila biology at 
Szeged in Hungary*. Less ‘molecular’ 
than the recent conferences in 
Crete (see News & Views 275, 364: 
1978) it provided an opportunity to 
meet many workers from Communist 
countries. In view of the widespread 
boycott of the Moscow International 
Genetics Congress this summer, this 


Michael Ashburner is in the Department 
of Genetics, University of Cambridge, and 
Peter Lawrence is at the MRC Laboratory 
of Molecular Biology, Cambridge. 


THE Biological Research Centre of 
Szeged. known as Hot Spring 
Harbor on account of the hot. 
sulphurous. local waters. was 
founded some 6 years ago and is 
the showpiece of Hungarian biology. 
More than 100 workers are 
organised into four Institutes. 
housed in modern and well equipped 
buildings. An important feature of 


the Centre is that for 5 years it has 


benefited from a large UNESCO 
grant. under the United Nations 
Development Programme. that in 
addition to allowing it to purchase 
equipment has enabled sending 
many of their younger scientists 
abroad for periods of one or two 
years. For example the small 
Drosophila and nematode group, 
under Istvan Kiss, brought together 
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opportunity was especially welcome 
and opened many eyes to work going 
on in Eastern Europe and the academic 
centre. Akademgorodok. in Siberia. 


Bands and interbands 

The problem of the relationship 
between the ‘genes’ of Drosophila and 
the bands of the polytene chromo- 
somes, and the problem of the genetic 
significance of bands and interbands. 
continues to be a challenge as we 
heard in a spirited paper from l. 
Zhimulev of the Soviet Academy of 
Sciences Institute of Cytology and 


biologists from various different 
fields and nearly all have. in effect, 
been trained during stays in the 
laboratories of Western Europe and 
North America. In many cases the 
close collaboration between these 
Hungarian scientists and their 
former colleagues continues and 
many of the papers presented at 
the meeting attested to the value. 
to both sides. of these contacts. 
More novel has been the pro- 
gramme within the BRC to train 
scientists from Third World coun- 
tries — by scholarships many stu- 
dents. who would otherwise often 
find it difficult to receive such a 
training. have been brought to 
Hungary for quite long periods to 
collaborate with the Hungarian 
scientists. 
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Genetics in Akademgcrodok. Zhimuleyv 
and his collaborators have taken a 
very small region of the X chromo- 
some of Drosophila including the 
large band 1041.2, loag famous as the 
site of the eye colour mutant vermilion, 
and attempted to discover other 
genetic functions coded for by the 
same band. It would seem that this 
very large band does include the in- 
formation for, in add@ion to vermilion 
(which codes for tryptophan pvyrollase), 
at least one and possibly three vital 
loci. All of these complementation 
groups seem. from de‘iciency mapping, 
to be located at the edges of the band. 
the bulk of whose material appears 
to be genetically silent. 

Zhimulev is a proponent of the 
idea that bands de not represent 
structural or functional units but are, 
in effect. epigenetic phenomena reflect- 
ing only the state of gene activity with- 
in a tissue. In Zhimulev’s view 
interbands are active genes, a theory 
suggested by others. This of course is 
anathema to those of us who thought 
that Beermann had dealt a death blow 
to the ‘Istanbul hypothesis’, for this 
would imply that tke similarities in 
banding seen between the chromosomes 
of different tissues refect only similari- 
ties in transcriptional activity, perhaps 
largely of what are called. not always 
with due humility, ‘house-keeping’ 
genes. To be certair there are other 
straws in the wind wuch indicate that 
perhaps a major re-evaluation of the 
problem may not be overdue: to men- 
tion but two. D. Ribbert (of the 
University of Munster) reported last 
year to the Helsiaki Chromosome 
Conference that the handing patterns 
of the polytene chromosomes from 
two tissues of the fle Calliphora were 
completely different and now we have 
evidence from the gene cloners that 
‘identical bands Cor example in 
different stocks of 2B. melanogaster or 
in different. but related species) may 
differ in their base sequence. at least 
in part. Clearly the whole problem 
should be filed under ‘keep a watching 
brief’. 

Related to this sebiect are studies 
attempting fo analyse genetically 
structures which everyone agrees are 
active genes—that is to say the puffs 
of the polytene chromosomes. Two 
such were discussed at Szeged-—the 
87A/87C ‘heat shocsx’ inducible puffs 
(J. Gauscz and celleagues. Szeged) 
and the 2B early ecdvsone inducible 
puff (E. S. Belyaeva & Zhimulev, 
Akademgorodok). This difficult ap- 
proach to the study of gene control in 
Drosophila has yet te bear fruit but at 





<ntrereerihdndect AABAA PANA PAANS EEATT AAAA EANAN NEENA ERA AA AAE AAE AN A A Aehenteny 


*A Workshop on Current Topics in Insect De- 
velopment was held at Szeged. Hungary on 2-14 
September and hosted by fse Hungarian Academy 
of Sciences Research Centre, Szeged. Ho was 
supported by UNESCO anc the International Cell 
Research Organisation. 
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2B several lethal complementation 
groups have been identified and some 
alleles seem to show abnormalities in 
the normal temporal sequence of gene 
activities inducible by ecdysone in 
salivary glands. Since the 2B puff 1s 
one of the first to respond to the hor- 
mone the implications of these ob 
servations for the analysis of cascade 
control reactions during development 
are clear to see. 


Ecdysone receptors 

Another topic of enduring interest is 
that of the general control of develop- 
ment by ecdysone. The meeting was 
fascinated by accounts of two tempera- 
ture-sensitive ecdysone-deficient mu- 
tants by J. Lepesent (University of Paris) 
and J. Holden (Queen’s University, 
Kingston), which will be invaluable for 
the study of ecdysone action. Even 
more fundamental, however, is the 
problem of the ecdysone receptors. So 
elusive have these been that some were 
beginning to doubt their very existence 
on anything other than theoretical 
grounds The breakthrough by J. D 
O’Connor (University of California, 
Los Angeles) and by Fristrom’s group 
in Berkeley, has now been made What 
was needed was a radiolabelled ana- 
logue of ecdysone of very high bio- 
logical activity and very high specific 
activity. This was synthesised by the 
tritiated reduction of the phytoecdysone 
stakisterone C to the very active pona- 
sterone A. Using tissue culture cells 
O’Connor and his group have charac- 
terised a proteinaceous binding activity 
that does everything an ecdysone 
receptor should do, at least to those 
acquainted “with vertebrate steroid 
receptors. Thus the binding shows a 
temperature-dependent nuclear trans- 
location, a translocation accompanied 
by a change in sedimentation constant, 
it is saturable and shows biologically 
realistic affinity constants to various 
ecdysone analogues. Moreover deriva- 
tives of the original cell line exist which 
are unresponsive to the hormone and 
at least some of these seem to lack the 
receptor. The receptor’s purification 
and localisation to ecdysone-treated 
salivary gland chromosomes is eagerly 
anticipated. If current attempts to 
isolate the ecdysone-responsive genes on 


Erratum 
In the article ‘Tflegitimate recom- 
bination legitimised’ (News and 


Views 274, 213; 1978) the reference 
(column 3, page 213, line 10) to the 


9-base pair repeat generated by the 
integration of insertion element IS4 
and attributed to P Starlinger, is in- 
correct. The repeated sequences 
generated by IS4 have not yet been 
determined. 
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plasmids succeed we are in for an 
exciting few years. 


Sex determination 

R. Nothiger and his colleagues 
(University of Zurich) are throwing 
new light on an old problem, at least 
as far as Drosophila ıs concerned. For 
years Drosophila geneticists have ac- 
cepted. the balance 
determination of Bridges, whereby sex 
is determined by the ratio between 
the number of X chromosomes and 
autosomes, without enquiring too 
deeply just what this may mean in 
genetic or developmental terms 
N&thiger suggests that, all organisms, 
whether man, beast, or green things, 
possess a ‘key gene’ whose activation 
or inactivation is required for, sexual 
development along one: or other path- 
way In different organisms different 
methods will be used to control the 
activity of this key gene’ in some (the 
marine worm Bonellia) the signal will 
be environmental, in others genetic. In 
Drosophila it would be this key gene 
that responds, by an unknown mech- 
anism, to the X chromosome. 
autosome balance The report of T. 
Cline of Princeton University of a new 
locus on the X chromosome, which 
appears to be normally ‘on’ in females 
and ‘off’ in males, and may thus cor- 
respond to Nothinger’s proposed key 
gene, is therefore particularly exciting 
Cline has found that if the normal 
state of affairs is disturbed by 
mutation. sex-limited lethality results 
Nöthiger’s laboratory has been system- 
atically analysing the several mutant 
loci known in Drosophila which effect 
a sex reversal and it was suggested 
that perhaps the actrvity of their wild- 
type alleles is normally subordinate to 
that of the X-linked key gene 


Cell division and death 

The control of cell division and cell 
death in growing organs remains a 
mystery, but Drosophila geneticists are 
making a start on its analysis. It has 
been known for some time that when 
wild-type cells are generated in a slow 
growing (Minute/Minute*) background 
they grow fast and take over much of 
the compartment. Morata and Ripoll 
(Devil. Biol. 42, 211; 1975) discovered 
that when ‘the converse experiment is 
done—slow growing clones generated 
in a wild-type backeround—the weaker 


cells are completely eliminated Yet. 


compartments (or indeed whole ’ files) 
consisting entirely of Minute cells form 
normally (Ferrus & Garcia-Bellido, 
Wilhem-Roux Arch 183, 337; 1977). 
This phenomenon. termed cell com- 
petition by its discoverers, was dis- 
cussed by P Simpson (Gif-sur-Yvette) 
who suggested that the relative growth 
rate of the cells is the critical factor. 
Minute cells generated in a Minute 
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background, for example, survive. 
Further, starvation which reduces the 
total amount of growth, diminishes the 
effects of competition, rescuing the 
weaker Minute cells. It seems that some 
kind of cellular struggle which results 
in survival of the fittest is operating in 
giowing cell populations. 

J. Szabad (Szeged) reported results 
obtained in collaboration with T. 
Schupbach and E. Wieschaus (Univer- 
sity of Zurich) They have made 
gynandromorphs of Drosophila larvae 
and studied the distmbution of male 
and female epidermal cells. These 
gynandromorphs are in many respects 
more valuable than adult ones, as they 
are a more direct representation of the 
blastoderm. Thanks to these studies 
we now know that the 4/9 boundary 
line on the blastoderm is convoluted, 
and that segmentation coincides with 
blastoderm stage. For a long time the 
relationship between the cells on the 
blastoderm and the gynandromorph 
fate map has remained uncertain. We 
now know that each cell on the 
blastoderm is represented by about 4 
sturts on the fate map 

It is always debatable whether con- 
ferences are really worth it In the 
case of Szeged there can be no ques- 
tion that the formal discussions, and 
more importantly, the informal ones 
(especially between colleagues who, 
for the wrong reasons, so rarely meet) 
were very worth while. O 


The LEP 
summer study 


from a Correspondent 


MucH progress in understanding 
subnuclear constituents has been made 
using a new facility for probing the 
structure of matter at extremely small 
distances (~10°“ cm), namely the 


‘electron—positron storage ring In such 


a machine beams of electrons and posi- 
trons collide head-on producing a single 
massive photon, which can then pair 
produce other, heavier particles. This 
process is quite democratic; any 
charged particle which exists with a 
mass less than the equivalent energy of 
one of the electron beams must be pro- 
duced with a calculable cross section 
Furthermore the production process is 
‘clean’ The pair of new particles is 
made alone, devoid of the debris of 
other subnuclear particles which is 
always present if the proton beam of a 
conventional accelerator and a fixed 
target is used. 

The basic constituents of matter 
seem to be fermions, occurring im 
families of four, each containing two 
quarks and two leptons These fermions 
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interact through vector particles: the 
photon, charged and neutral massive 
vector bosons, and gluons which are 
responsible for the electromagnetic, 
weak and strong interactions, respec- 
tively. So far, experimental evidence 
for three families of fermions has been 
found: (u, d, e, ve), (C, S, M, My), 
(t, b, 7, v,). Of these, the charmed 
quark c, the bottom quark b, the heavy 
lepton 7 and its neutrino v, have only 
been discovered since 1974. The top 
quark t, though not yet observed, is 
confidently expected to be seen in the 
near future. 

It was against the background of 
these exciting discoveries that some 80 
particle and accelerator physicists 
from Europe and the United States met 
at the Summer School of Theoretical 
Physics in Les Houches, France and at 
CERN, Geneva from 11 to 22 Septem- 
ber to study and discuss LEP, the pro- 
posed Large Electron Positron storage 
ring. The energy range of such a 
machine would extend from the 
highest energies attainable with the 
generation of machines now opera- 
tional (PETRA at DESY, Hamburg, 
West Germany, see Nature 274, 202; 
1978) or under construction (PEP at 
the Stanford Linear Accelerator 
Center in the United States), which 
might be ~30GeV per beam, to 
energies of ~100GeV and above. 
Much new and exciting information on 
heavy quarks and leptons is expected 
from PEP and PETRA. LEP however 
is mainly intended to probe the world 
of the vector particles, in particular 
the massive bosons W*, W7, Z° which 
we believe are responsible for the weak 
interaction. Weinberg and Salam have 
proposed a possible unification of the 
weak and electromagnetic interactions 
in which both interactions have the 
same strength. The observed ‘weakness’ 
of the weak interaction results from 
the large masses of the W*, W and Z’ 
as compared with the massless photon. 
Such theories predict the masses of the 
W+, W- and Z’ from measurements of 
weak interaction phenomena at low 
energies. So far the simplest such 
theory, the Weinberg-Salam theory, 
agrees with all observed weak 
phenomena, and predicts masses of 
~90 GeV for the Z’ and ~80 GeV for 
the W* and W`. Because of the direct 
weak coupling of Z° to e*e” (recently 
experimentally observed in a beautiful 
experiment performed at SLAC: 
SLAC-PUB-2148, to be published in 
Physics Letters) an increase of 10°-10° 
in the rate of interactions is expected 
if the beams of LEP are tuned to an 
energy of 1/2 M;0=45 GeV. Wiw- 
pairs of the above mass are also 
expected to be produced at a reason- 
able rate for beam energies in LEP 
of ~100 GeV. The observation of such 
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effects in LEP would mean that nearly 
a century after the discovery of weak 
interaction processes, their understand- 
ing would be on the same level as 
quantum electrodynamics (the only 
exact physical theory of particle inter- 
actions we have) and we shall have 
reduced from four to three the funda- 
mental forces in nature. 

In the intervening two years Euro- 
pean particle physicists, represented by 
ECFA (The European Committee for 
Future Accelerators) under the chair- 
manship first of G. von Dardel, of the 
University of Lund, and more recently 
by M. Vivargent of LAPP, Annecy, 
have expressed a strong preference for 
such a large e*e” storage ring as the 
next major European high energy 
physics facility. During the same period 
a detailed design study of such a 
machine has been made (CERN/ISR- 
LEP/78—17). This design was the basis 
of the discussions at Les Houches. The 
storage ring is larger than any existing 
or planned accelerator, with a radius 
of 3.5km., The estimated construction 
cost of ~1000 million Swiss francs is 
however somewhat less than that of 
the recently completed CERN SPS 
proton accelerator. In a preliminary 
time scale outlined by J. Adams, 
Executive Director General of CERN, 
the machine might become operational 
by about 1988, some 12 years after the 
start-up of the SPS. The construction 
of the machine within such a time 
scale seems possible without significant 
increase of the current CERN budget 
of some 600 million Swiss francs per 
annum provided some existing CERN 
facilities, by then becoming obsolete, 
were closed. 

Much time was spent at the meeting 
on alternative ‘scenarios’ to the simple 
one described above. What if there 
were sO many neutrinos coupling to the 
Z? that the width is much wider than 
the 3 GeV now expected? (a suggestion 
by J. Ellis, CERN). The answer 
seemed to be that floods of new 
charged heavy leptons must be seen at 
LEP. Some theorists (for example M. 
Veltman of the University of Utrecht) 
are already looking to even higher 
energies of more than 300 GeV, where 
effects of direct Z°W*W™ coupling 
should become discernable. At this 
energy the currently quite mysterious 
mass spectrum of the quarks and heavy 
leptons should become considerably 
clearer. This is the world of the Higgs 
scalar boson which in the Weinberg- 
Salam theory is required to be an 
observable particle. but of unspecified 
mass. There were hints that the effects 
of gluons, the intermediaries of the 
strong interaction, should be seen par- 
ticularly clearly in virtual yy collisions, 
a process with a copious rate at LEP 
energies. Thus quarks and gluons could 
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one day possibly be liberated in the 
laboratory. In his concluding speech. 
S. L. Glashow of Harvard University 
presented a dazzling catalogue of these ` 
alterative scenarios; a cornucopia of | 
subnuclear riches. There have never — 
been stronger arguments for building 
an accelerator before, and none has 
been as eagerly awaited as LEP. In the 
words of the motto chosen by the par- 
ticipants on their last evening at Les 
Houches, LEP’s do it! n 








Breeding 
more protein 
from B. J. Miflin 


Now you see it, now you don't, The 
protein gap much discussed im the 
late 1960s was largely abolished, at 
leas‘ on paper, by the lower protein | 
recommendations of the 1973 FAQ/ 
WHO committee. Subsequently in- 
creased controversy has raged between 
those who argue that there is still a 
protein gap and those who protest 
that only calories are lacking. Fn 
many respects the arguments are 
futile and do little for those who have 
insufficient food which is of poor 
quality. The FAO/PAEA took a more 
positive position when in 1968 they 
organised a meeting to set up a cO- 
operative programme with the GSF 
to improve the nutritional value of the 
grains of cereals and food legumes by 
supporting research programmes in a 
number of developing countries aimed 
at modifying protein and amino acid 
content. This September they con- 
vened a conference* to assess the re- 
sults of the 8 years of the programme 
and review the present state of 
knowledge. 

The continuing deficiency of ade- 
quate nutrition was emphasised in the 
opening talk by R. Bressani (Instituto 
de Nutricion de Centro America y 
Panama. Guatemale City). His results 
show that by up-grading the protein 
quality of cereal seed diets, either by 
using high lysine maize, or by adding 
legume seed supplements, food intake 
is increased, infant mortality reduced 
and the acreage required to provide 
sufficient protein considerably dimin- 
ished. Since World Bank estimates 
indicate that more than a third of the 
world’s population suffers from serious 
malnutrition the original aims of the 
programme still seem relevant and 


* Organised by the Joint FAQ/IAEA Division of 
Atomic Energy in Food and Agriculture of the 
International Atomic Energy Agency (AEA) and 
the Gesellschaft für Strahlen- und Umweltfors- 
chung (GSF) at Neuherberg, near Munich in the 
Fii Republic of Germany, on 4-8 September. 
i 
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worthwhile; the remainder of the con- 
ference was chiefly concerned with 
reporting progress towards achieving 
those aims. 

In the basic sciences considerable 
advances have been made. The major 
protein components of seeds are the 
storage proteins present in protein 
bodies. These are deficient in lysine in 
cereals and in sulphur amino acids in 
legumes. Although there are con- 
siderable differences between the 
storage proteins of legumes and cereals, 
in both cases they seem to consist of 
polymorphic families of related poly- 
peptides. In maize, wheat and barley 
the putative structural genes have 
been located on various chromosomes 
and some mapping carried out. 
Success with in vitro synthesis of 
legumes and cereal storage proteins 
has been achieved in a number of 
laboratories and some mRNA has been 
isolated and cDNA prepared and cloned. 
These studies should provide a better 
understanding of the basic mechanisms 
of protein accumulation in seeds and 
offer the potential for use of genetic 
engineering techniques; some of these 
techniques were discussed in the con- 
text of future programmes. 

Both as a direct result of the FAO/ 
IAEA programme as well as of studies 
funded by other agencies, high lysine 
genes have been found in maize, 
barley, sorghum and possibly wheat 
and millet. The current status of the 
genes in the first three crops was re- 
viewed. Although some progress has 
been made in understanding the 
nature of these mutations by deter- 
mining their chromosome location 
little is yet known about their bio- 
chemical basis other than that the 
synthesis of the storage proteins is 
depressed. More information is re- 
quired as to which of these genes 
offers the possibility of providing both 
high quality and high yield. So far the 
most promising breeding work seems 
to have been done in sorghum in which 
yield is not greatly affected, since the 
smaller size of the high lysine grains 
is balanced by increased seed number. 
Very promising results were also 
reported from CIMMYT, where the 
use of various modifying backgrounds 
have led to greatly improved opaque: 
lines of maize. Although some success 
has been made with the Hiproly gene 
in barley the lysine content of the 
lines seems to decrease as yields im- 
prove. Besides having normal yields 
new lysine varieties also have to be 
accepted by the consumers and meet 
the normal agronomic requirements, 
such as disease resistance. Although 
these criteria have not all been met 
it must be realised that plant breeding 
takes a long time and it is necessary 
to be patient. Some idea of the patience 
required was demonstrated by the 


results of the Nebraska programme 
of high protein wheat breeding which 
had been in progress for 20 years 
before the release of the first variety 
in the US. This variety, which is now 
finding acceptance on the basis of its 
general properties, combines increased 
protein content and high yield. 

In legumes the problems are more 
concerned with yield and protein 
quality than with protein content. In 
a critical and forceful talk H. K. Jain 
(Indian Agricultural Research In- 
stitute, New Delhi) pointed out the 
large amount of selection pressure 
and breeding that had been exerted on 
the cereals in comparison with the 
legumes. Legumes are not poor in 
total biological yield but insufficient 
of it is recovered in the harvested seed. 
Considerable success has been achieved 
through mutation breeding and re- 
current selection programmes in ob- 
taining improved ideotypes of several 
legumes with a much better harvest 
index. As regards protein quality, the 
problem is to improve the amino acid 
spectrum of the seed protein as well 
as to decrease the content of the vari- 
ous adverse nutritional factors present 
in legume seeds. 

The conference ended with a review 
of the technological aspects of plant 
use and the role plant breeding and 





A hundred years ago 


M. BoutLtaup, the once celebrated 
medical practitioner, who is a member 
of the Paris Academy of Science, 
assailed M. du Moncel in the sitting of 
September 30, and asserted that the 
phonograph and microphone experi- 
ments must be the work of ventilo- 
quists. This fit of incredulity was 
occasioned by the recital of experi- 
ments made with the singing con- 
ductors. M. du Moncel asked for a 
commission of investigation to be 
appointed, although such accusations 
are not deserving of any notice, and 
have, indeed, raised universal ridicule. 
But the regulations of the Academy 
forbid anv commission to be appointed 
to pronounce on the works or com- 
munications of members. Another 
curious scene took place at the sitting 
of last Monday. M. du Moncel pre- 
sented to his colleagues, the “‘conden- 
sateur chantant,” which had been 
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biochemistry has played and must 
continue to play. Implicit in this must 
be an increased realisation that weight 
of produce alone is not enough and 
that a direct measure of productivity 
involves an assessment of the quality 
of the produce and the uses to which 
it can be put. When the work reported 
is viewed as a whole it represents a 
considerable success particularly in 
the time frame normally required to 
bring about stable genetic change and 
to select improved varieties of crop 
plants. It is therefore particularly dis- 
appointing that this programme is not 
being renewed with increased funding 
but, at best, will only continue in a 
limited way with funds from the Gov- 
ernments of the Federal Republics of 
Germany and of Sweden. Despite the 
fact that man’s major necessity is 
food, all of which is ultimately derived 
from plants, the Plant Sciences remain 
amongst the  Cinderellas, poorly 
funded and unfashionable. The FAO/ 
IAEA programme has shown what 
can be done with a fraction of the 
funds spent on such grandiose tech- 
nological playthings as supersonic 
travel. 





B. J. Miflin is Head of the Biochemistry 
Department, Rothamsted Experimental 
Station. 


exhibited on the previous Saturday. He 
retired to the room of the Académie 
Francaise, in company with M. Faye, 
closed the door and sang. His voice was 
heard coming from a number of sheets 
of paper, in which six sheets of tinfoil 
had been inserted, and connected with 
the wires of an induction coil. M. 
Bouillaud was obliged to retreat from 
the position he had taken at the sitting 
of September 30. He made no allusion 
to the accusation of ventriloquism, but 
read a long quotation from Descartes, 
to show that “even if a speaking 
machine had been constructed, it 
could by no means be considered as a 
thinking machine.” He said that speak- 
ing was not only a mechanical action, 
but also an intellectual work, so that 
neither the phonograph nor the singing 
condenser could be regarded by any 
means as really speaking! The whole 
assembly, in spite of its usual gravity, 
burst into roars of laughter. M. Milne- 
Edwards, who spoke at the previous 
sitting, said with much propriety, he 
should not have answered M. Bouillaud 
if he had understood such was his 
issue. Unfortunately he had understood, 
as everybody in the assembly did, that 
M. Bouillaud questioned the honesty of 
the experimenter. 


From Nature 18, October 10, 630; 1878. 
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The structure of the continental crust and uppermost mantle is being explored with hig 


her resolution 





than previously attained through application of the seismic reflection profiling technique of the 
petroleum industry. Crustal structure is diverse, and features such as faults, unconformities, magma 
bodies, and the crust-mantle boundary have been delineated. 





SOME four billion people derive their livelihood from this 
planet, so society’s need for a thorough understanding of the 
Earth and a comprehensive inventory of potentially accessible 
Earth resources seems obvious. Yet except for mining prospects 
and districts, and the sedimentary basins that are the habitat of 
petroleum, there is little detailed or direct knowledge of subsur- 
face Earth structure and composition at depths greater than a 
few tens or hundreds of metres. In most areas, deep rocks of the 
crystalline basement can be described only in general terms 
based on indirect evidence. Their genesis and evolution remain 
largely unknown. 

The reasons for this remarkable state of affairs are partly 
economic and partly historical and organisational. They are also 
partly technological although there are means for improving 
substantially, if not ideally, our knowledge of the crystalline 
basement. Better mapping and improved field and laboratory 
studies of surface rocks, drilling for informational purposes, 
study of xenoliths of basement origin, and further application of 
a variety of geophysical methods are all feasible and promising. 
The article focuses on potentially the most productive and the 
most sophisticated geophysical technique—seismic reflection 
profiling—and its application to studies of the basement. This 
does not mean that other methods are not valuable; in general, 
they provide complementary information. The seismic 
reflection profiling technique discussed here should not be 
confused with the seismic refraction technique that is con- 
ventionally used for exploration of the crust, or with the Russian 
DSS method, which uses both refraction and wide-angle 
reflections. | 

During 1976 world expenditure on seismic reflection profiling 
was well over one billion dollars. Essentially all of this money 
was spent on exploration for petroleum. Continuing effort on 
this scale by the petroleum industry has resulted in, and is the 
result of, development of the technique of echo ranging in the 
Earth to a very high level of sophistication. In recent years, the 
industry has produced such innovations as non-explosive 
sources, digital field recording for movable listening arrays of 
thousands of detectors, computer processing of immense quan- 
tities of digital data, and powerful new methods of analysis and 
interpretation that have greatly enhanced understanding of the 
stratigraphy and structure of sedimentary basins. Modern 
reflection profiling bears little resemblance to the simple one 
shot—one detector method initially employed in the 1920s. 

Within the past few years in several different countries, 
successful attempts have been made to apply these modern 
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techniques, with appropriate modifications, to exploration of 
the continental basement and hence greater depths (for a review 
see ref. 1). Here, the term ‘basement’ refers to crystalline rocks 
typically lying below the sedimentary veneer that is some 0- 
10 km thick. The continental basement rocks of interest here 
extend through the base of the crust at some 35-45 km and into 
the underlying mantle to depths of 50 or so km, the current limit 
of the method. Although rocks of the deep continental basement 
have been explored with some success previously using various 
geophysical techniques, the new efforts based on reflection 
profiling offer far greater resolution of structural detail and 
much better information on other properties that are currently 
unknown or poorly known. Because of the petential of this much 
improved, yet rarely applied, observational capability in seis- 
mology, the potential of other geophysical and geological 
methods, the great extent of the basement, and the direct and 
informative relation of the deep continental basement to the 
near-surface rocks, the continental basement must be consi- 
dered one of the major scientific frontiers ef modern geology. 


The method 


The principle of the seismic reflection prefiling technique is 
deceptively simple. A disturbance at or near the surface of the 
Earth generates elastic waves that propagate through the Earth 
and are detected and recorded by sensors at the surface near the 
source. Although other kinds of waves are sometimes useful, 
most information comes from the compressional waves that 
travel along near-vertical paths and are partially reflected at 
buried sub-horizontal interfaces between rocks of contrasting 
impedance. The travel time of a pulse propagating along such a 
path is perhaps the prime information gathered, but the ampli- 
tude, phase, frequency content, and apparent surface velocity of 
the signal are also valuable. 

The source and receivers are moved together along a line and 
the experiment repeated at closely spaced intervals so that 
subsurface reflecting horizons may be traced, and a profile or 
section obtained in a similar manner to that of a marine echo 
sounder. The basic travel-time data must be ultimately con- 
verted to depths and reflectors properly positioned; hence it is 
necessary to know or to measure the spatial distribution of 
velocities along the profile. One common method for velocity 
measurements uses reflected waves travelling along paths that 
are somewhat off the vertical. Thus, a single source might 
be detected and recorded by many sensors distributed over 
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distances ranging from near zero to significant fractions of the 
depth of the deepest reflecting horizon. 

Furthermore, because the sources generate kinds of waves 
(surface waves, shear waves, waves with complex paths, 
diffracted waves) in addition to the nearly vertical travelling 
compressional waves that are normally the signal, arrays of 
many source elements and arrays of many receivers are com- 
monly used to discriminate against the unwanted waves as well 
as background noise. Some data are also collected off the line, to 
permit the waves propagating out of the plane of the section to 
be identified. 

In practice, there are numerous variations of the technique 
which depend on a large number of factors, such as local terrain, 
local propagation phenomena, economics, available hardware, 
characteristics of the particular target, and noise conditions. 

As an example, a field procedure sometimes used in the 
COCORP project is described in some detail in the following. 
(COCORP is consortium for continental reflection profiling, 
and the project is the major US effort to apply the seismic 
reflection profiling technique of the petroleum industry to study 
of the deep basement of the continents. The procedure 
represents a compromise among various factors including 
acquisition of maximum possible information, economics, and 
logistics.) 

COCORP uses the VIBROSEIS technique developed by the 
Continental Oil Company. Instead of an impulse generator such 
as an explosion, weight drop, or compressed air gun, a truck- 
mounted vibrator serves as a source element. Each vibrator 
imparts a peak vertical force of some 13 tons over about 20 ft’ of 
the Earth’s surface; the force is near-sinusoidal in time but of 
slowly varying frequency. The signal thus resembles a radar 
‘chirp’ in character, though not in frequency. Typically the 
duration of vibration is 20s, and the frequency varies linearly 
from 8 to 32 Hz over the interval. Cross correlation of the 
recorded signal with the input produces a record resembling that 
from an impulsive source, subject, of course, to restrictions of 
bandwidth and other properties of the VIBROSEIS source and 
the propagation. The advantages of the method include flexible 
and precise control of source character, elimination of drilling to 
implant explosives, avoidance of legal restrictions on explosives 
and the explosive hazard, and efficient coupling of source energy 
into elastic waves without great loss through rupture or other 
non-linear effects near the source. VIBROSEIS has been used 
widely and successfully on land by the petroleum industry for 
many years. 

In a typical COCORP survey, stations in the field are spaced 
at 100-m intervals. Five vibrators operate synchronously 16 
times at equally spaced intervals between stations, and the 
resulting signals are appropriately summed. Thus, 80 sweeps are 
injected into the earth per station interval and combined to form 
a source array 100 m long. 

The receiving array includes 96 stations and is thus almost 
10 km long. At each station a small spread of about 30 detectors, 
spaced to discriminate against natural and source-generated 
noise, is summed and recorded as one of 96 channels. Once the 
80 sweeps at one station are recorded, the sources and the 
3,000-element listening array are, in effect, moved 100 m along 
the line and the entire process repeated. Thus, along a line a few 
tens of kilometres in length, information travelling along tens of 
millions of rays is used in the analysis, a high level of redundancy 
that can be very advantageous. The data are recorded digitally in 
a form that will accommodate a very large dynamic range. 

A further advantage is gained by computer processing the 
data. A wide variety and large number of methods including 
frequency and wavelength filtering, construction of synthetic 
seismograms, proper spatial positioning (migration), beam- 
forming, and various signal enhancement techniques are com- 
monly applied depending on the particular problem. One 
powerful method, called common depth (or common reflection) 
point stacking, is based on combination of data from rays 
incident upon a particular reflection point at slightly different 
angles. Under favourable conditions signals are much enhanced. 
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COCORP typically uses 12, 24 or 48-fold common depth point 
stacking. In the sense that information from segments of many 
rays passing through a common zone is combined, the method 
resembles X-ray tomography. | 
Although seismic reflection data appear in other useful forms 
such as velocity profiles and contour maps, the end product is 
typically a section with distance as the abscissa and travel time, 
or depth, as the ordinate. For the casual observation, and to a 
first approximation, this may be thought of as a section through 
the Earth. It is misleading to carry this view too far, however. A 
detailed interpretation of the data requires an understanding of 
wave propagation, field procedures and data processing, and a 
knowledge of related geological and geophysical data for the 
area. This report is too brief to present detailed analysis or 
interpretation of data. Instead two sections are shown and 
described in general terms, and some conclusions based on 
studies to date are presented after a discussion of current efforts 
to explore the continental basement. (For a more detailed 
description of seismic reflection profiling techniques and inter- 
pretation as found in the petroleum industry see refs 2-5.) 


Seismic exploration of the 
continental basement 


A proper strategy for exploring a major frontier of the Earth 
sciences must include a judicious blend of several factors includ- 
ing the nature, scope and scale of the scientific problems, 
capability of the method, economics, expertise of personnel, and 
logistics. In an effort to achieve this blend, the COCORP project 
operates as follows. Many scientists from industry (largely the 
petroleum industry), government agencies, and universities 
participate in committees to advise on technical, scientific, and 
administrative problems. Cornell University acts as the operator 
or prime contractor. The field work is conducted by large 
geophysical contracting companies. Data are processed through 
routine stages, and available at modest cost, so that further 
specialised processing and interpretation are facilitated. 

The choice and nature of sites for such surveying are critical. 
Six sites have been surveyed to date in the US. The first site in 
Hardeman County, Texas, was selected for favourable seismic 
and field conditions in initial testing of the method, and with 
little regard for the geology. Later sites, two in the Rio Grande 
Rift near Socorro, New Mexico, one crossing the boundary fault 
of the Wind River Mountains in Wyoming, one across the 
Franciscan basement-—continental basement boundary in the 
Great Valley of California, and one across the San Andreas fault 
in California, were selected because of geological problems of 
special interest. A recognised problem of regional or crustal 
scale, as opposed to local or surficial scale, is found at each of 
these sites. Typically, a few lines of reflection profiling totalling 
some tens of kilometres have been carried out at each site. In all 
cases the results have been highly encouraging. In the longer 
term, however, it is planned that longer lines traversing the 
entire continent will be explored, so that problems of still larger 
scale will also be investigated. Applying this method of explora- 
tion to studying the modern basement is so new, and the region 
to be studied so vast and varied, that one must anticipate a 
period of rapid learning and development in the early stages of 
the project. 


Two examples of the data 


Figures 1 and 2 show two sections obtained by the methods 
described above for the locations in the Rio Grande Rift area®”’ 
indicated by 1 and 2A in Fig. 3. The reproductions do not do 
justice to the original data but some of the major features can be 
seen. The abscissa for Figs 1 and 2 is the distance in kilometres 
times 10; the ordinate is two-way travel time. Multiply by three 
to convert time to approximate depth in kilometres. 

In Fig. 1, the upper 1-1.5 s of data for the western two-thirds 
of the profile show nearly horizontally stratified sediments of the 
rift valley. The sediments are broken into horsts and grabens by 
normal faults. It is only this portion of the section that would be 
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Fig. 1 Seismic section for line 1, Rio Grande Rift (see Fig. 3). 


studied in normal petroleum exploration, and in much greater 
detail. Below these sediments is the crystalline basement which 
outcrops east of the bounding fault as seen at about station 180. 
Some shallow Palaeozoic sediments that overlap the basement 
at the eastern end of the section are indicated by events at <1 s. 

Principal interest here is in information from greater depths. 
In some areas of the section, such as from ~1 to 3 s and between 
stations 10 and 75, there is a paucity of reflected data as 
indicated by the lack of short horizontal lineups. The rocks of 
such zones must be relatively free of acoustic heterogeneities. In 
this same range of times near the centre of the section are some 
horizons that dip to the west and may be faults. To the east 
(right) are additional basement structures. 

Beneath the bounding fault through most of the record there 
is a zone lacking in reflected energy, possibly because of 
intrusives associated with the boundary. To the east (right) 
considerable structure in the basement is apparent, and at ~12 s 
there is a strong reflector that, based on time, corresponds to the 
top of the mantle. This reflector cannot be traced across the 
entire section, although it might be correlated with reflectors to 
the west at about the same time. 

There is little reflected energy on this section at times greater 
than 12s. At the western end of the profile there is a strong 
reflection at 7s with an associated diffraction. This event cor- 
responds to a horizon identified as the top of a magma body by 
Sanford”. Other profiles in the Rift show additional evidence for 
this mid-crustal body of molten rock. (For more detailed dis- 
cussion of these data, see ref. 7). 

Figare 2 shows a section for line 2A (Fig. 3) that begins slightly 
south of line 1 and continues southwards. Some of the major 
features are (1) the sediments showing much less structure than 
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is the case for line 1 because line 2A is more nearly parallel to the 
geological structure, (2) a transparent zone in the upper base- 
ment between the base of the sediments and almost 4 s; (3) a 
strong reflector corresponding to the magma body at about 7 s 
and dipping to the north; and (4) a zone o` reflected energy 
between about 11 and 12 s presumably corres>onding to the top 
of the mantle. 

The above qualitative and cursory descriptions obscure the 
great potential for obtaining more quantitative information by 
careful study, computer modelling, and other forms of analysis, 
but they provide a first impression of the -ype of data now 
available on the crust and illustrate the much improved resolu- 
tion and vast potential of the technique. 

Although seismic reflection profiling of the deep continental! 
basement is relatively new, and only a timy fraction of the 
basement has been surveyed at present, some conclusions can 
be drawn, although they must be held subgect to revision as 
more data are acquired. The following points are based 
largely on COCORP experience, but they are compatible 
with similar observations elsewhere (see ref. _ for a review and 
citations)” 76, 

(1) The continental basement at any particuler site some tens of 
kilometres in dimension is typically heterogeneous on the scale 
of less than one or a few kilometres. Reflections from within the 
basement are only infrequently continuous fcr more than a few 
kilometres. Diffractions, reflection character, and transparent 
zones further attest to this heterogeneity. Wh le layered models 
such as the classical but already outdated grarite—basalt crust or 


Fig. 2 Seismic section for line 2A, Rio Grande Rift (Fig. 3) for 
coordinates. 
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NEW MEXICO 





Fig.3 Map of section of Rio Grande Rift 
in New Mexico showing locations of 
seismic lines. Solid lines 1 and 2 indicate 
locations where data for Figs 1 and 2 were 
taken. Dotted lines 1A, 2A, 3 and 4 show 
other lines that were surveyed but not 
discussed in this paper. 
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those based on seismic refraction data may be useful for inter- 
pretation of some seismic data, they can only be approximations 
in a gross sense to the geology of the crust. The deep crust seems 
to be, not surprisingly, like rocks with a history at depth but 
which are now at the surface (ee also ref. 14). 

(2) On a larger scale, there is great variation from site to site in 
the character of the seismic reflection profiles; consequently 
such variation must exist in the basement geology. With the 
exception of some features of the seismic profiles in the Rio 
Grande Rift, many of which show the magma body at a depth of 
about 18-20 km and some consistency at Moho depths, there is 
little similarity and great difference in seismic sections from one 
site to another. In Hardeman County strong diffractors are 
found in a quantity not observed elsewhere, and there are also 
shallow basement reflectors of unusual length of continuity, at 
least 17 km. The San Andreas fault in California shows up as a 
series of diffractors to depths of ~10 km, while deep reflectors 
are discontinuous across the fault zone. In the Wind River 
Mountain area the major thrust can apparently be traced to 
depths of almost 25km. Many other deep reflectors cor- 
responding to faults or other horizons may be seen. The Great 
Valley line shows fewest deep reflectors, perhaps because the 
Franciscan basement is so badiy deformed. At any rate, there is 
little similarity from one site to another and ample evidence for 
de-emphasising universal models of the continental crust. It 
follows therefore, that a wealth of new knowledge of the 
structure of the crust must be available using the reflection 
technique. 

(3) There is no evidence for a single consistent mid-crustal 
reflecting horizon corresponding to the Conrad discontinuity, a 
term that should probably be abandoned. 

(4) In existing data the Mohorovicic discontinuity does not 
generally appear as a single simple reflector. Instead there is 
commonly a band of reflected energy. A possible interpretation 
is the laminated sort of boundary proposed by Meissner'® and 
perhaps suggested by exposures of the lower crust-upper mantle 
in the Ivrea zone. 
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(5) With the abundant evidence from geology and geophysics 
indicating heterogeneity throughout the crust, it would be 
remarkable if the mantle directly below the crust were homo- 
geneous. 
(6) At particular sites the method reveals features of the base- 
ment that, in nature, are geological (as opposed to geophysical) 
such as active magma bodies, faults, unconformities, folds, 
intrusions, and perhaps brecciated zones, as well as boundaries 
between rocks of different acoustical impedances. Detailed 
discussions of such sites can be found elsewhere? >S, 
(7) Continued application of the seismic reflection profiling 
technique including modern developments should provide a 
wealth of new knowledge and lead to a much enhanced under- 
standing of the continental basement, a major frontier of 
modern earth science. 

The results from the COCORP project depend on numerous 
participants from universities, government laboratories, and 
industry. This research was supported by the NSF. 
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High levels of ionising radiation in the Earth’s stratosphere 
will lead to increased concentrations of nitrogen oxides and 
decreased concentrations of ozone. Changes in the surface 
environment will include an increased level of biologically 
harmful UV radiation, caused by the ozone depletion, and 
a decreased level of visible solar radiation, due to the 
presence of major enhancements in the stratospheric 
concentration of nitrogen dioxide. These changes are stu- 
died quantitatively, using the passage of the Solar System 
through a supernova remnant shell as an example. Some of 
the potential environmental changes are a substantial glo- 
bal cooling, abnormally dry conditions, a reduction in 
global photosynthesis and a large increase in the flux of 
atmospheric fixed nitrogen to the surface of the Earth. Such 
events might have been the cause of mass extinctions in the 
distant past. 


IT has been proposed that’ the observed correlation between 
extinctions of certain species of marine microorganisms 
(radiolaria and foraminifera) and geomagnetic polarity reversals 
could be explained by the occurrence of intense solar flares. 
Energetic solar protons ionise the Earth’s stratosphere, pro- 
ducing nitrogen oxides as a by-product, and thereby depleting 
the ozone layer that shields the surface of the Earth from lethal 
solar UV radiation’. At present the geomagnetic field confines 
the direct effects of solar protons to latitudes higher than about 
60°, but during the brief periods of weakening or disappearance 
of the field accompanying a polarity reversal the global effect 
would be considerably more severe. 

The history of life on Earth has been punctuated by wide- 
spread and apparently sudden (on the geological time scale) 
extinctions affecting both terrestrial and marine animals’. 
Examples of such massive extinctions, each involving a 
significant proportion of all species existing at the time, occurred 
at several of the major geological boundaries. The best known is 
probably the terminal Cretaceous extinction, which occurred 
about 65 Myr ago, but the fossil record has revealed several 
other extinction events of comparable severity, and suggests that 
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they have occurred at approximate intervals of 10° yr. Various 
mechanisms have been proposed to accourt for these extinc- 
tions, including climatic changes, increasing ecological 
competition from newly evolving species, changes in sea level, 
disease epidemics, poisoning by volcanic emissions, increased 
radiation levels from nearby supernova explosions, and several 
others. None has proved entirely satisfactory, however, and it 
seems natural to ask whether the solar-flare mechanism pro- 
posed to account for the minor extinctions associated with 
geomagnetic polarity reversals could also account for these 
much more catastrophic and massive extinctions that have 
tended to mark many of the major boundaries of the geological 
record. 


Solar flares 


Reid et al.’ discussed principally the increased UV dose received 
at the surface of the Earth as a consequence of the depletion of 
stratospheric ozone associated with hypothetical intense solar 
flares. Their calculations indicated that a solar flare 100 times 
more intense than that of August 1972 (the most energetic 
observed over the 20-yr period for which observations exist) 
would cause a global ozone depletion of about 50% and would 
increase the biologically effective UV dose received at the 
Equator by a factor of about 2.5, assuming that the flare 
occurred during the 10°-10* yr duration of a geomagnetic 
polarity reversal. Although such an event would have serious 
enough consequences for living organisms. there is a second 
environmental effect that was mentioned only briefly. This is the 
reduction in solar radiation reaching the surface of the Earth in 
the visible part of the spectrum due to absorption by strato- 
spheric NO, whose absorption cross section reaches a peak 
value of 6 x 107’? cm? near 400 nm wavelength’. NO, is formed 
principally by the ozone-destroying reaction 


NO+0,7NO,+0, 


and absorption of solar visible radiation provides a routine 
method of measuring the NO, content of the atmosphere”. The 
calculations mentioned above indicated that the vertical NO, 
column content would become as large as 6x 10°% cm? during 
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daytime conditions several months after a solar flare 100 times 
more intense than that of August 1972. The consequent 
decrease in solar radiation reaching the surface at 400 nm 
wavelength for an overhead Sun would be about 3.5%, increas- 
ing to 7% for a solar zenith angle of 60°. The effect on the 
integrated solar radiation at the surface would be offset to some 
extent by the accompanying increase in UV radiation resulting 
from the destruction of ozone, but significant changes in the 
Earth’s radiation budget, with accompanying changes in lower- 
atmosphere circulation, could be expected. 

As with all suggested mechanisms, however, there remains a 
large element of speculation that is difficult to remove. Our 
knowledge of the flare mechanism itself is not sufficient to say 
whether energetic-particle fluxes 100 times more intense than 
those of August 1972 can ever be expected, even once in 10° yr, 
or whether there is some absolute limit beyond which a flare 
cannot go. Given the occasional occurrence of such super-flares, 
the hypothetical climate change runs up against the problem that 
the residence time of flare-associated NO, in the stratosphere ts 
only a few years, probably not long enough to allow the enor- 
mous heat reservoir in the oceans to adjust to the new conditions 
and produce a true climatic change. 


Supernova explosions 


The degree of speculation is reduced if we consider nearby 
supernova explosions as a cause of intense stratospheric ion- 
isation instead of solar flares. The suggestion that mass extinc- 
tions could have been caused by supernova outbursts is an old 
one, and was revived by Terry and Tucker’, who discussed the 
potential radiation hazards of such an event. Since then, other 
consequences of nearby supernova explosions have been 
suggested. Russell and Tucker" specifically raised the possibility 
of a climatic change associated with such an event in connection 
with the terminal Cretaceous extinctions, though without dis- 
cussing any mechanism. Ruderman’ and Whitten et al.'° dis- 
cussed the depletion of stratospheric ozone expected from 
nearby supernova explosions, and Hunt"’ has recently estimated 
the surface temperature change caused by this depletion. 
Clark et al." have suggested that a supernova is likely to occur 
within 10 pc of the Solar System approximately once in 10° yr 
during passage through one of the spiral arms of the galaxy. Ata 
distance of 10 pc, the Solar System would probably lie within the 
supernova remnant (SNR) shell for a period of several hundreds 
of years. There is growing evidence that SNRs are the source of 
galactic cosmic rays’? and that the cosmic rays are accelerated 
continuously during the lifetime of the SNR. This point of view is 


Fig.1 Vertical column content of ozone as a function of time after 
the onset of enhanced cosmic-ray fluxes. 
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consistent with indirect evidence from the radio emission of 
SNRs that they contain a cloud of cosmic-ray particles with a 
total energy of the order of 10°° erg, leading to a cosmic-ray flux 
of the order of 100-1,000 times the present background level. 


Model of stratospheric photochemistry 


We have used a one-dimensional time-dependent model of 
stratospheric photochemistry’* to study the effect of such 
enormously increased cosmic-ray fluxes on the total solar radia- 
tion penetrating the stratosphere. The model calculations were 
started with initial conditions corresponding to global average 
present-day conditions, and with all photochemical mechanisms 
appropriate to a latitude of 30°. The enhanced cosmic-ray fluxes 
began abruptly on 1 January, and were kept at a constant level 
for the duration of the calculation, which was taken as 5 yr. 

Figure 1 shows the annual average values of total vertical 
ozone column content for cosmic-ray fluxes 100 and 1,000 times 
the present value, and indicates that a steady state has been 
reached after about 5 yr. Total ozone depletions amount to 64% 
and 89%, respectively, and are considerably larger than those 
calculated by Whitten et al.'° The differences apparently arise 
from differences in the model parameters, and in particular in 
the vertical eddy-diffusion profiles. All model calculations can 
only be approximate for such major perturbations, however, as 
it is impossible to estimate the effect of major compositional 
changes on transport coefficients. Figure 2 shows the cor- 
responding values of NO, vertical column content, again 
indicating a near approach to a steady state after 5 yr, with 
increases from the present level of 4 x 10'° cm”? by factors of 13 
and 130, respectively. 


NO, Column (1017 cm> ?) 





Time after onset (yr) 


Fig.2 Vertical column content of NO, as a function of time after 
the onset of enhanced cosmic-ray fluxes. 


Figure 3 shows the annual average steady-state height profiles 
of O, and NO, concentration for present-day conditions and for 
the same two cases of enhanced cosmic-ray flux. Concentrations 
below 10 km have been omitted because the appropriate tro- 
pospheric and surface sources are unknown; their effect on the 
stratospheric concentrations is negligible. The major depletions 
of O, and enhancements of NO, occur in the lower stratosphere, 
where the photochemical lifetime of ozone is long, and where 
cosmic-ray ionisation peaks. For the case of a 1,000-fold 
increase in cosmic-ray flux, the NO, concentration approaches 
that of ozone near 20 km. 

As mentioned above, the model calculations are carried out 
for 30° latitude conditions, and can be taken to represent a 
global average. In estimating the effects at latitudes other than 
30°, we assume that the stratospheric composition is the same 
everywhere. This assumption would, of course, be invalid if we 
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Fig.3 Vertical altitude profiles of O, and NO; for present condi- 
tions (1) and for enhanced cosmic-ray fluxes (100 and 1,000). 


were concerned with absolute values, but it allows us to estimate 
approximately departures from normal conditions. Figure 4a 
and b shows the spectral distribution of direct solar radiation 
penetrating the stratosphere throughout one year for latitudes 
of 0° and 60°, respectively. The solid curves represent present- 
day conditions, and the broken curves refer to steady-state (that 
is Syr after onset) conditions for the case of a 1,000-fold 
cosmic-ray enhancement. Modifications to the spectrum occur 
in three distinct spectral regions: the annual solar radiation is 
increased in the near UV, at wavelengths shorter than 325 nm, 


Fig. 4 a, Direct solar radiation penetrating the stratosphere at the 
Equator integrated over one year (solid curve, present-day condi- 
tions; broken curve, steady-state conditions for a 1,000-fold 

cosmic-ray enhancement). b, Same as (a) for latitude 60°. 
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due to the decreased absorption in the Hartley and Hug 
bands of ozone; blue and green visible radiation (325-5704 
substantially decreased, due to the increased absorption b 
NO,; longer wavelength visible radiation is slightly increase 
due to the decreased absorption in the Chappuis bands of ozone. 
The net environmental effects are (1) an increase in the biolog- 
ically effective dose received by living organisms at the surface; 
and (2) an appreciable decrease in the total integrated solar 
radiation available for heating the lower atmosphere and the 
surface. 

Figure 5 shows the fractional change in annual integrated 
direct solar radiation penetrating the stratosphere at the 
indicated latitudes for the two cosmic-ray flux enhancements. In 
the case of the 100-fold enhancement, the integrated radiation is 
increased by a few tenths of a per cent, as the increased 
absorption by NO, is not sufficient to compensate. for the 
decreased ozone absorption. In the case of the 1,000-fold 
enhancement, however, the increase in NO, absorption over- 
whelms the decrease in ozone, and the integrated solar radiation 
is decreased by several per cent at all latitudes. 
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Fig.5 Direct solar radiation penetrating the stratosphere 
integrated over one year and over all wavelengths. 


In attempting to estimate the climatic effects of these changes 
in integrated solar radiation, it is important to realise that they 
are not equivalent to changes in the solar constant of the same 
magnitude. The radiation that is prevented from reaching the 
lower atmosphere in the 1,000-fold enhancement case is absor- 
bed in the stratosphere, where it greatly increases the heating 
rate and thus the temperature, leading to a substantial increase 
in stratospheric thermal radiation. This partially compensates 
for the deficit in direct solar radiation at the surface. There will 
also be a change in the effective albedo of the lower atmosphere 
as a result of the change in spectral composition of the incident 
radiation. 

These perturbations in the terrestrial radiation budget will 
certainly be accompanied by important changes in the dynamic 
coupling between the stratosphere and troposphere, and a 
calculation of the full climatic consequences is not yet possible. 
Estimates made with a relatively simple radiative-balance 
model, however, predict a drop in global average surface 
temperature of about 3 K for the 1,000-fold enhancement case. 
The complexities of radiative feedbacks are such that this figure 
is significant only as an indication of a major climatic pertur- 
bation, but is much larger than that estimated by Hunt'’, using a 
more sophisticated radiative-convective model. Hunt’s cal- 
culation, however, included only the effects of the ozone 
depletion, and did not consider the much larger effect of the 
enhanced NO, that must accompany the depleted ozone. 
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Despite the qualitative nature of the estimated global cooling, 
some of the consequences are worth exploring. A 3 K drop in 
surface temperature, for example, would lead to a drop in global 
average atmospheric water-vapour content of about 20%, 
assuming a constant average tropospheric relative humidity 
profile as quoted by Manabe and Wetherald’’. This would 
decrease the greenhouse effect, tending to decrease surface 
temperatures even more and would also lead to changes in cloud 
properties, with further climatic consequences. The reduction in 
water—vapour content might be expected to lead to widespread 
drought conditions, but might prevent the occurrence of a true 
‘ice age’, as above-normal precipitation is probably required for 
the development of continental ice sheets. 

Figure 6 shows the increase in the biologically effective UV 
radiation penetrating the stratosphere in the course of a year at 
the indicated latitudes for the two cases. These values were 
obtained by multiplying the integrated annual radiation at 
wavelengths between 280 and 310nm by a ‘biological 
effectiveness’ factor’® derived on the basis of the absorption 
cross sections of protein and nucleic acids, and integrating over 
wavelength. Increases in UV dose by more than an order of 
magnitude are indicated, but these should be regarded with 
caution, as the effects of Rayleigh scattering by the lower 
atmosphere, which are substantial for UV wavelengths, have not 
been included. The results are thus only semi-qualitative, but 
indicate a severe increase in UV radiation levels. 
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Fig.6 Biologically effective annual UV dose during periods of 

enhanced cosmic-ray flux. Quantity shown is the ratio of the 

enhanced dose to that received in present conditions. Transmission 

through the lower atmosphere has not been included in either 
enhanced or normal dose. 


The reduction in visible radiation intensity resulting from the 
1,000-fold enhancement case is also likely to have an effect on 
global photosynthetic activity, as noted previously by Crutzen 
and Reid”. Photosynthesis is most efficient at wavelengths in 
the blue (near 450 nm) and in the red (near 660 nm), and Fig. 4a 
shows a reduction in the important blue light of about 30%. The 
integrated annual radiation in this wavelength region received at 
the Equator is thus equivalent to that received in present 
conditions at 40° latitude, and the radiation received at 40° is 
equivalent to that now received at 60°. Coupled with the prob- 
able drought conditions resulting from the decrease in global 
temperature, a severe decrease in the abundance of plant life is 
probable. According to our present understanding of the ter- 
restrial carbon cycle, the decrease in plant life would probably 
lead to an increase in atmospheric CO, concentrations, which in 
turn would tend to increase the surface temperature through the 
greenhouse effect. The temperature might become stabilised in 
this way at a value somewhat above that predicted in the absence 
of the biosphere, but with a globally reduced biomass. 
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A further perturbation to the biosphere might arise from 
the increased precipitation of fixed nitrogen on the surface 
of the Earth. The ultimate fate of fixed nitrogen diffusing into 
the troposphere from above is probably rainout leading to 
surface deposition. The model calculations show that the total 
downward flux of N at tropopause heights is about 2x 
10°°kgyr' for the 100-fold enhancement case and 2x 
10'' kg yr’ for the 1,000-fold enhancement case. The former 
value is comparable with current estimates for the annual 
amount of nitrogen fixed in the atmosphere by lightning’®, and 
the latter value is comparable to the total amount of nitrogen 
fixed by biological processes’. The addition of such large quan- 
tities of biological nutrient would have an impact on the bios- 
phere that is not easily estimated. 


Conclusions 


We may conclude that passage of the Earth through a SNR 
would be likely to cause a prolonged period of harsh environ- 
mental conditions for the biosphere, including high levels of 
damaging UV radiation, cooler global temperatures and 
generally dry conditions (depending on how intense the cosmic- 
ray flux within the SNR becomes), and reduced photosynthetic 
activity. Whether or not these severe conditions would lead to 
major extinctions of animal populations is a matter for specula- 
tion. The evidence from the geological and fossil record is not 
clear, although McLean”? has interpreted the Cretaceous- 
Tertiary record as supporting a global warming, rather than a 
cooling, as the cause of the terminal Mesozoic extinctions. If this 
view is correct, a nearby supernova event can probably be 
eliminated as the cause of these particular extinctions. 

The probability of a nearby (within about 15 pc) supernova 
explosion is also debatable. At the low end of the scale, Whitten 
et al.’° have estimated a 1-5% chance of a supernova within 
5-10 pc in a period of 10° yr. Data presented by Shklovsky”* 
lead to an estimated frequency of one in 1.5 10° yr at 15 pe 
distance, while Clark et al.” estimate one in 10° yr at 10 pc 
distance on the basis of the confinement of type 2 supernovas to 
the vicinity of the spiral arms of the Galaxy, and the regularity of 
the passage of the Solar System through these spiral arms. 
Whichever view is correct, a nearby supernova explosion is not a 
dim and exotic possibility when viewed in the geological time 
scale, but rather an event that may well have occurred several 
times within the 10°-yr lifetime of the biosphere. 

Finally, note that enhancements in cosmic-ray flux by a factor 
of 1,000 lasting for 1,000 yr would cause an enhancement in the 
average cosmic-ray flux over a 10°-yr period of only 1%. Such 
events would therefore be quite consistent with evidence from 
lunar rocks and meteorites that the average cosmic-ray flux has 
varied by less than a factor of two over the past 10” yr (ref. 22). 

G.C.R. thanks D. A. Russell and W. H. Tucker for helpful 
discussions. The National Center for Atmospheric Research is 
supported by the NSF. 
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A new karst style, labyrinth karst, is recognised in climates 
ranging from humid tropical to subarctic. In the late stages 
of evolution it is replaced by limestone towers indicating 
that tower karst is polygenetic, and not specific to the humid 
tropics as was once thought. 





THE morphoclimatic principle that specific climates produce 
specific landforms has been more frequently applied in the study 
of karst (solutional) landscapes than in other branches of 
geomorphology. The impetus for its adoption came from 
pioneer studies of humid tropical karstlands in the 1930's’. 
These revealed a wider variety of forms developed on a grander 
scale than elsewhere, and two broad karst styles—cone karst 
(Ger. Kegelkarst) and tower karst (Ger. Turmkarst} that did 
not seem to develop in temperate or colder areas. In later work 
climate has been called upon to explain both areal and alti- 
tudinal variations in the character of karstlands. Despite reac- 
tion to what some consider as a grave overemphasis of climatic 
factors’, the principle is still widely accepted. Central to that 
acceptance is the supposed humid tropical climaspecificity of the 
cone and tower karst styles, for which thresholds of temperature 
and precipitation have been proposed (Table 1). 

In 1972-74 we explored and studied a complex and accen- 
tuated karstland at lat 61-62°N in the Nahanni area of the 
Mackenzie Mountains, Northwest Territories, Canada. Land- 
forms are at an altitude of 1,000-1,300 m. The climate is of the 
subarctic continental interior type and there is discontinuous 
permafrost. Our findings have added to knowledge of karst 
styles and suggest that some relationships between karst 
morphology and climate be reassessed. 

The Nahanni karst is dominated by a series of vertical-walled 
landforms which are linked in a simple yet remarkable 
developmental sequence'*"'*. During early stages water draining 
underground via vertical fissures creates strings of solution 
dolines, circular to elliptical in plan view and cylindrical in depth 
(Fig. 1). By enlargement and coalescence along the fractures, 
strings of dolines are converted to intersecting networks of karst 
streets. As streets deepen and widen, the intervening rock ridges 
are dissected and ultimately destroyed. Replacing them are 
large closed depressions of angular planform and irregular 
distribution that we term ‘karst platea’. Where insoluble sedi- 
ment is carried to these depressions by allogeneic streams, 
underground drainage becomes impeded and there is flooding 
after heavy summer rains. Floors are alluviated and the platea 
become small poljes. As platea and/or poljes expand, rock 
towers are left which rise from uneven karst margin plains. At 
this stage of evolution the landscape resembles a scaled-down 
version of the spectacular tower karsts of Puerto Rico or south 
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China. In the north of the Nahanni region karst streets, platea, 
and poljes form an intricate natural rock labyrinth (Fig. 2). 
Streets are as much as 185 m deep and 9 km jong, and platea and 
poljes up to 125 m deep and 2-3 km long Limestone towers 
with vertical to overhanging walls are up to 125 m high (Fig. 3). 

We have identified karst landscapes like that of the Nahanni in 
several humid and seasonally humid tropical carbonate terrains 
In south-west Celebes, Sunartadirdja and Lehmann” describe 


Fig. 1 The early doline stage of labyrinth karst development 


Rappel Cenote is an elliptical-shaped doline 30 m deep. Even in 
summer drainage routes are blocked by subsurface ice so that 
ponds are common in such depressions 
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karst streets 6-400 m wide, 50-200 m deep, and up to 8 km 
long. Where these intersect, depressions (platea) have 
developed. Several have been alluviated by influx of insoluble 
residue from nearby crystalline rock indicating that they are the 
embryos of future poljes. Scattered, isolated limestone towers 
are also common. Similar topography is found on many upland 
surfaces in Sarawak'’. For example, at Subis joint-guided cor- 
ridors (streets) are about 30m apart and 3-150m deep. At 
intersections depressions (platea) 5-180 m deep and 5-500 m 
across are common. At an advanced stage of dissection rows of 
tall ‘needles’ (towers) are all that remain between the streets. 
Stereo photographs (Plate 2 of ref. 15) reveal a rock labyrinth 
nearly identical to that in the Nahanni. Deep, intersecting karst 
streets several kilometres long are reported in the Star Moun- 
tains and Lake Ajamaru regions of New Guinea*’'®. They are 
also clearly visible in oblique photographs of the Sierra Maestra 
in Cuba (Fig. 16 of ref. 3), and of the ‘Ruined City’ of Arnhem 
Land, Northern Territory, Australia (Fig. XIV-24 of ref. 17) 
where they isolate numerous pinnacles, towers, and ridges. Less 
spectacular labyrinths are known in the Tanga region of Tan- 
zania where streets and towers have a maximum relief of 15 m 
(ref. 18), and in Yunnan, south China, where corridors with 
ridges and pinnacles up to 30 m high form a landscape that has 
been described as a “tropical rock forest”. 

Natural rock labyrinths and associated tower karst are also 
described in tropical semiarid areas. In the Limestone Ranges of 
the Fitzroy Basin, Western Australia*’, intersecting networks of 
karst Streets up to 6 m wide, 30 m deep, and hundreds of metres 
long form large areas of ‘dissected karst’ which include enclosed 
depressions of angular planform up to 1.5 km long, 180 m wide, 


Fig.2 Aerial photograph of the Nahanni showing labyrinth karst 
terrain with streets, platea, poljes, and isolated towers. 
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Fig.3 A late tower karst stage in the evolution of labyrinth karst 

. . r . ‘ 

in the Nahanni. Insel Tower is approximately 65 m high and rises 
from a flat alluviated plain 


and 30-45 m deep. These have steep to vertical walls, and flat 
floors almost entirely mantled by alluvium or residual soil. 
Jennings and Sweeting” refer to them as “miniature poljes” but 
they may well be the semiarid equivalents of karst platea. In 
addition to the dissected karst are areas of towers, pinnacles, and 
narrow ridges up to 45 m high which rise from a rock pediplain. 
The karst of Bom Jesus da Lapa, Brazil, in a limestone hill 
2x 1 km and 200 m high, is similar to the Fitzroy terrain*’. The 
hill is crossed by street networks 1-2 m wide and 10-30 m deep 
which isolate limestone pinnacles, ridges, and towers. Also 
common are circular solution pits 2-5 m in diameter and 10- 
30 m deep which appear identical to the dolines that form during 
the early stage of karstification at Nahanni. 

The existence of such similar rock labyrinths in widely dis- 
tributed carbonate terrains, and of shallower street networks 
elsewhere***’, demonstrates that a new karst style— labyrinth 
karst’—must be recognised. This style can develop at a variety of 
scales, with individual depressions ranging from several centi- 
metres to a few hundred metres in depth’’. During the later 
stages of evolution a tower karst landscape emerges either 
directly from karst street networks, or through intermediate 
platea or platea and polje stages. Variations in morphology 
between labyrinths are slight and reflect differences in lithology, 
climate, and in the availability of insoluble residue. The climatic 
effect is minor. For example, in the Nahanni karst, depression 
floors and walls are frequently mantled by accumulations of 
frost-shattered limestone while in the hot semiarid Fitzroy Basin 
of Australia, where pedimentation processes influence karst 
evolution, rock debris is uncommon. 

In many tropical karstlands two successive stages of erosion 
can be recognised***'’. Cone karst develops until the floors of 
cockpits extend to local base levels and significant quantities of 
alluvium are retained. Thresholds between adjacent depressions 
are submerged, and cones are left standing above broadening 
alluvial plains. Lateral solutional undercutting may then trans- 
form the cones into steep-sided limestone towers. Because true 
tower karst also forms during labyrinth karst evolution, the 
tower karst style is polygenetic’. It forms from cone karst when 
solution is concentrated in a single horizontal plane and from 
labyrinth karst because solution is concentrated in discrete 
vertical planes. In the one case tower karst is a conical karst 
formed under special hydrological, structural and lithological 
conditions”’**”, in the other it is entirely a product of particular 
Structural and lithological characteristics. 

In the Lake Ajamaru region of New Guinea Pannekoek'” has 
identified all stages in a karst cycle of erosion that commences 
with the formation of small surface valleys aligned along major 
joints. As water begins to drain underground joints are widened 
and clefts (karst streets) are opened, isolating angular limestone 
hills. At this stage the landscape conforms to labyrinth karst. As 
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Table 1 Suggested temperature and precipitation thresholds for cone 
and tower karst development 





Temperature Precipitation 
threshold threshold Area of 

Source CC) (mm) applicability 
Sweeting® 1,840* Jamaica 
Gerstenhauer” high 1,000 Worldwide 
Verstappen” 17~20* 1,500 Worldwide 
Balazs’ 18 1,200 Worldwide 
Sweeting? 18* 1,480* South China 
Williams’ 13* 3,250* New Guinea 
Jakucs’ 17-18 1,000-1,200 Worldwide 
Monroe”? 1,300* Puerto Rico 





* Values estimated from statements made by the various authors or 
from information given by them. 


the clefts continue to widen the hills become smaller and lose 
their angularity so that Kegelkarst topography is produced. 
Karst on the northern flank of the Sierra Maestra, Cuba (Fig. 16 
of ref. 3) seems to fit well into Pannekoek’s cycle; residual 
towers and ridges within a labyrinth are becoming rounded anda 
landscape resembling oriented cone karst (Ger. gerichteter 
karst) is emerging. The indication is therefore, that like tower 
karst, cone karst is polygenetic and that in some areas labyrinth 
karst may be an early stage in its development. 

Once the basic characteristics of cone and tower karst became 
known in the 1930’s and 1940’s, examples were reported 
well outside of modern humid and seasonally humid tropical 
limits*'**. In almost every case these landscapes were inter- 
preted as fossil, survivals from former periods of tropical cli- 
mate. For example, Tricart and Da Silva*’ maintain that the 
Bom Jesus da Lapa karst was fashioned in a humid Tertiary 
climate and that it has suffered only minor modification in the 
much drier conditions that have existed since the late Miocene. 
A similar interpretation has been put forward for mogotes in the 
Cracow Upland of Poland*’, which are identical to the towers of 
Nahanni, and which are scattered over a similar-sized area 
(15x5km). A fossil or palaeoclimatic interpretation of the 
Nahanni karst is untenable. Evidence such as the presence of 
abundant erratics from the Canadian Shield indicates that the 
area was glaciated more than once during the Pleistocene. The 
present karst landforms are developed from a glacially scoured 
limestone surface. They post-date the last Laurentide ice to 
cover the area. The karst therefore seems to have originated in 
climatic conditions that, on average, were at least as harsh as 
those of today—that is a mean annual temperature of —4.5°C 
and a precipitation of only 566 mm. These are well below the 
minimum conditions supposed necessary for tower karst 
development (Table 1). 
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Recent palaeogeographical work in Australia also shows that 
labyrinth and tower karst can form in cold climatic conditions. In 
the partly glacigene Lower Permian sequence of the Carnarvon 
Basin, Western Australia is a locally-exhumed karst landscape 
covering approximately 1,000 km’. Karst streets up to 20m 
wide, and pinnacle-shaped towers up to 30m high are 
developed in calcarenite of the Callytharra Formation. A thick 
tillite-rich sequence underlies the Callytharra and the karst is 
overlain by marine sediments containing rare boulder-size 
erratics. In addition, all Lower Permian faunas from this region 
indicate cool to temperate conditions (van de Graaff, W. J. E. 
Hocking, R. M. and Denman, P. D., Geological Survey of 
Western Australia, personal communicaticn). 

Recognition of labyrinth and associated tower karst in cli- 
mates ranging from humid tropical to dry subarctic suggests that, 
like doline karst, these styles are not primarily climate or 
latitude dependent (Table 2). Why then do deep labyrinths and 
isolated towers develop in some areas and not others,.and why 
are they more common in the tropics? Two local factors seem to 
have been important in the formation of the Nahanni labyrinths. 
First, this area was beyond the limits of the Wisconsinan (last) 
Laurentide ice sheet, and may even have escaped glaciation 
during the Illinoisan period®®. It is one of few high-latitude 
carbonate regions where karst has had time to develop fully, 
without drastic interruption by flowing ice. Second, although 
mean soil Peo, (0.3% )}, solution intensity (Cac O, 144 mgr’), 
and solute denudation (17.9-27.1 m° km yr™*}, are much 
lower than in the tropics, (where the average soil Poo, at 30 cm 
depth is 2.0%°*’, mean water hardness lies between 165 and 
180 mg 1- ei ' CaCO; 37.38 and estimated denudation rates include 
83 m° km” yt -i for Indonesia” 50-60 m’ km” “ye ~i for the 
Phillipines“, and 72 m° km™ 2 yr! for Jamaica®’) solutional 
activity is not constant across the area. It seems significant that 
the deepest solutional landforms are located in a zone that 
receives large volumes of acid allogeneic water from nearby 
shales, and that elsewhere only shallow karst street networks are 
encountered. Annual denudation in this zone is two to three 
times the regional average bringing it close to rates typical of 
tropical cone and tower regions. At the present rate—approxi- 
mately 50 m° km? yr '—it is estimated that the Nahanni land- 
scape could have formed within the last 200,000 yr, a period that 
has been available for uninterrupted karst development. 

The local factors explain why the Nahanni karst is more highly 
developed than other subarctic carbonate terrains but not why 
labyrinth and tower karst predominate, rather than other styles 
such as doline karst. Many temperate karstlands have longer 
uninterrupted histories of evolution than the Nahanm, and 
display greater solute concentrations, runoff and denudation 
rates than some humid tropical regions” . Yet they lack towers 
and networks of deep karst streets. Total denudation, therefore, 
does not determine labyrinth karst development, it seems 
that structural and lithological properties of the host rock are 








Table 2 Areas and climates in which deep labyrinths and late-stage tower karst have been discovered” 





Approximate Köppen Temperature Precipitation 

Area Ref. latitude climate CC) {mm} 
Maros, Celebes 14 5°S Af 26.4 2,850-3,360 
Lake Ajamaru, New Guinea 16 2-4°S Af 26.6-~28.3 2,490-2,845 
Star Mountains, New Guinea 2 3—4°S Af 
Arnhem Land, Australia 17 12-14°S Aw 26.6 1,070 
Sierra Maestra, Cuba 3 20°N Aw 25.3 1.090 
Tanga, Tanzania 18 5°S Aw 26.0 1,350 
Bom Jesus da Lapa, Brazil 21 9-11°S BShw 26.5 700-900 
Fitzroy Basin, Australia 20 17-19°S BShw 27.6 460-710 
Carnarvon Basin, Australia t 50-60°St Temperate or cold 
Nahanni, Canada 12 61-62°N Def -4,5 566 





* Information given by the authors listed was supplemented from a variety of other sources. 


t van de Graaff et al., personal communication (see text). 


+ The position of the Carnarvon area during the early Permian period was estimated from diagrams contained in ref. 35. 
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primarily responsible. Deep labyrinths are restricted to massive 
carbonates of low porosity and primary permeability that are 
crossed by widely spaced, but vertically and horizontally exten- 
sive, fractures or fracture zones. There are very few penetrable 
bedding planes. In many cases the fault and joint networks are 
results of recent uplift and flexing, which also provided the 
necessary local relief. Limestones and dolomites suitable for 
deep labyrinth karst development are comparatively uncommon 
explaining why this style is not more frequently encountered. 
Solutional labyrinths of much smaller scale, confined to the 
uppermost few metres of rock, are more numerous and are 
termed ‘karrenfeld’ or ‘limestone pavements% 

Although certain broad influences of zonal climate on karst 
morphology cannot be denied, characteristics of the host 
carbonate shape the labyrinth karst style. Given an equal dis- 
tribution of suitable rocks it is to be expected that there will be a 
greater frequency of this style in the tropics where karst evolu- 
tion has not been interrupted by glacial events. Tower karst can 
no longer be regarded as specific to humid tropical climates for it 
can develop well in cold environments. Some cases where 
extra-tropical tower karst has been interpreted in terms of 
tropical palaeoclimatic conditions may require re-evaluation. If 
the distribution of tower karst is not dependent on climate one of 
two fundamental pieces of evidence that uphold the morpho- 
climatic approach to karst geomorphology is no longer valid. In 
future, more emphasis should be given to structural and litho- 
logical properties of the host soluble rock. 


Received 23 June; accepted 8 August 1978. 
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Temperature-sensitive mutant of avian 
erythroblastosis virus suggests 


a block of differentiation 


as mechanism of leukaemogenesis 
Thomas Graf*, Norbert Ade* & Hartmut Beug* 


Max-Planck-Institut für Virusforschung, Biologisch-Medizinische Abteilung, D-7400 Tubingen, FRG 


A temperature sensitive mutant has been isolated for the 
first time from a replication defective acute leukaemia virus, 
AEV. In vivo, at 41°C, the mutant shows a reduced 
leukaemogenic potential. In vitro, in erythroblasts trans- 
formed at 35°C, haemoglobin synthesis can be induced by 
a shift to 41 °C. This indicates that the continuous expres- 
sion of a viral gene product is necessary to maintain the 
undifferentiated state of the virus-transformed leukaemia 
cells. 


THE development of in vitro transformation techniques for 
replication-defective leukaemia viruses in cultures of haemato- 
poietic cells (see ref. 1 for review) introduced a new approach for 
the study of the mechanism of virus-induced leukaemogenesis. 
Results obtained mainly with avian erythroblastosis virus 
(AEV), myeloblastosis virus (AMV) and myelocytomatosis 





* Present address: Institut für Virusforschung, Deutsches Krebsfor- 
schungszentrum, im Neuenheimer Feld 280, D-6900 Heidelberg, FRG. 


MAI MEK SIQIAIIR SIAGATHY AA 


virus strain MC29 and with the murine Friend and Abelson 
leukaemia viruses showed that these viruses selectively trans- 
form haematopoietic cells of different lineages of differentiation 
in a highly selective manner’. Two important questions were 
raised by these studies. First, is the leukaemic transformation 
effected by these viruses accompanied by a block of differen- 
tiation in their target cells? And second, is a viral gene product 
necessary to maintain the leukaemic state of the infected cell? 

To answer these questions we decided to search for tempera- 
ture-sensitive mutants of AEV. This virus induces an acute 
erythroblastosis within 1-2 weeks post-infection if injected 
intravenously, and slowly developing sarcomas if injected 
intramuscularly’. After infection of bone marrow cells in culture 
it induces the formation of rapidly proliferating erythroblast foci 
or colonies*>. It also induces a transformation of chicken 
embryo fibroblast cultures*°. However, AEV does not possess 
the src gene, the gene responsible for transformation of fibro- 
blasts by RSV’. 

This article reports the isolation of the first temperature- 
sensitive mutant of AEV and partially answers the questions 
posed above. 


© Macmillan Journalis Lid 1978 
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Infection of bone marrow cells 
with mutagen-treated AEV 


Colony assay at 35 C 
in semisolid medium 


Growth at 35 C 
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Fig. 1 Schematic representation of the procedure used to isolate 
temperature-sensitive mutants of AEV. The AEV used was a 
RAV-2 pseudotype of AEV-ES4 obtained as described earlier“. 
The virus was treated by mutagen by adding 5 pg ml! S-azacy- 
tidine (Calbiochem) to 45%10° erythroblasts producing 
AEV in 10 ml of growth medium*. After 18 h at 37 °C the eryth- 
roblasts were removed by low-speed centrifugation and the 
supernatant centrifuged at 70,000g for 30 min to pellet the virus. 
The pellet suspended in 5 ml growth medium was used to infect 
fresh bone marrow cells which were seeded at 10 10° cells per 
35-mm dish in methylcellulose-containing medium (ref. 5, and in 
preparation). After 8-12 days of incubation at 35 °C erythroblast 
colonies were isolated with a drawn out Pasteur pipette, transfer- 
red into the wells (15 mm) of a multidose tissue culture tray each 
containing 0.5 ml growth medium and propagated at 35 °C until 
10°-10° cells were obtained from each colony. The erythroblast 
clones were then suspended in 1 ml growth medium, and divided 
equally into the respective wells of two new trays. One tray was 
shifted to 41°C, the other was kept at 35°C. After 3 days of 
incubation at the respective temperatures all cultures were stained 
with benzidine by the procedure of Orkin et al.” to determine the 
proportion of haemoglobin-positive (B*) cells. In the scheme, B* 
cells are drawn as closed circles, B` cells as open circles. In the 
example shown, clone 3 behaves as expected from an erythroblast 
clone infected with a temperature-sensitive mutant, that is, B at 
35°C and B* at 41°C; clones 1 and 2 behave like wild-type- 

infected cells. 


Isolation of erythroblast clones with 
temperature-sensitive properties 


Initial attempts to isolate ts mutants of AEV using the fibroblast 
focus assay* failed to yield the desired mutants (B. Royer- 
Pokora and T.G., unpublished). With the development of a new 
transformation assay of bone marrow cells which allows the 
isolation of clones of transformed cells characterised as 
immature erythroid cells (erythroblasts) by various differen- 
tiation markers and derived from the infection with a single 
AEV particle (ref. 5, and H.B. et al., in preparation), an alter- 
native approach became possible. The analysis of a large 
number of individual erythroblast clones obtained with this 
technique revealed that different clones vary in their haemo- 
globin expression measured as the proportion of benzidine- 
positive (B*) cells. Most of these clones contained less than 10% 
B* cells*; this proportion, however, could be greatly increased 
by the addition of butyric acid’. These and other findings not 
reported here led to the hypothesis that AEV induces a block in 
differentiation in its haematopoietic target cells. Consequently, 
if it were possible to inactivate the viral functions in the infected 
cell, it should be possible to induce a differentiation in the 
AEV-transformed erythroblasts. Based on this idea a strategy 
was developed for isolating temperature-sensitive mutants of 
AEV which is outlined in Fig. 1. Erythroblast colonies were 
produced by infecting bone marrow cultures with mutagen- 
treated AEV at 35 °C and seeding them into semisolid medium. 
Cells obtained from individual colonies were propagated at 
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35 °C. Aliquots of these clones were then shifted to 41 °C or kept 
at 35 °C and assayed for the proportion of B” cells by benzidine 
staining 3 days later. 

From 94 erythroblast clones derived from mutagen-treated 
virus and assayed in this way, three clones (numbers 3, 34 and 
43) were temperature-sensitive for haemoglobin expression, 
containing more than 70% strongly B* cells at 41°C as 
compared to <10% at 35 °C. In contrast, none of 26 colonies 
derived from untreated AEV showed this type of temperature 
sensitivity. 


AEV from erythroblast clone 34 is 
temperature sensitive 


To determine whether clones 34 and 43 produce virus capable of 
inducing erythroblast colonies temperature sensitive for 
haemoglobin expression (clone 3 was lost), cell-free super- 
natants from both clones were used to infect fresh bone marrow 
cultures at 35 °C. In addition, bone marrow cells were infected 
with wild type (wt) AEV. Between 300 and 1,000 colonies per 
dish were obtained with the three inocula. Twenty colonies of 
each type were isolated at random and the 10 fastest growing 
clones were tested for temperature sensitivity. All of the 10 
erythroblast clones derived from clone 34 virus (#s34 AEV) 
could be induced to express haemoglobin, showing an increase 
from an average of about 13% B* cells at 35 °C to about 76% at 
41°C (Table 1, expt 1). In contrast, with the exception of clone 
4, wt AEV-infected clones showed essentially identical, rela- 
tively low proportions of B* cells at both 35 and 41 °C (Table 1, 
expt 1). The virus produced by clone 4 was characterised as 
wt AEV by its inability to induce temperature-sensitive eryth- 
roblast colonies (data not shown). The 19 clones induced by 
virus from clone 43 cells exhibited variable proportions of B“ 
cells at 41°C, fluctuating between less than 1% to 59% or 
greater with an average of 32% (data not shown). It is remark- 
able that with ts34 AEV, in general, those clones which already 
exhibited relatively high proportions of B* cells at 35 °C also 
showed the highest proportions of B* cells after shift to 41 °C. 
Photographs of ts34 AEV-infected erythroblasts kept at 35 °C 
and at 41°C and stained with benzidine are shown in Fig. 2. 


The ts lesion is located in the defective, 
transforming component of ts34 AEV 


The above results indicate that the temperature sensitivity of 
haemoglobin expression in erythroblast clones 34 and possibly 
43 was due to the infecting AEV/helper virus complex and not 
to a property inherent to the particular host cells. To determine 
whether the temperature sensitivity of ts34 AEV was due to a 
mutation in AEV rather than in the helper virus (RAV-2), 


Fig.2 Effect of temperature on the expression of haemoglobin in 
ts34 AEV-infected erythroblasts. Erythroblasts from a single 
clone were grown at 35 °C and aliquots seeded at 35 °C (a) and 41 z 
(b). Three days later the cells were stained with benzidine. The 
dark cells represent B* cells. Aggregation of cells at 41 °C usually 
precedes the appearance of B* cells by 1-2 d. Scale bar, 100 pm. 
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attempts were made to obtain nonproducer erythroblasts 
containing only the AEV genome. Erythroblast colonies were 
isolated from bone marrow suspension cultures infected with 
ts34 AEV at low multiplicity. After propagation of the isolated 
colonies at 35°C, the supernatants were assayed for reverse 
transcriptase activity (AEV-transformed nonproducer eryth- 
roblasts do not release reverse transcriptase-positive virus 
particles’) and for the production of infectious virus using the 
bone marrow colony assay te score for nonproducer eryth- 
roblast clones. Of eight clones tested, four were found to be 
nonproducer by both types of assay. All eight ts34 AEV- 
infected erythroblast clones, regardless of whether or not they 
produced virus, were temperature sensitive for the expression of 
haemoglobin. This demonstrates that a lesion in AEV and not in 
the helper virus is responsible for the observed temperature- 
sensitive expression of haemoglobin in ts34 AEV-infected cells. 
To further substantiate this conclusion, pseudotypes of 
ts34 AEV were produced by superinfection of a ts34 AEV 
nonproducer clone with standard helper viruses. Colonies 
induced by these pseudotypes were then tested for temperature 
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Quantitation of haemoglobin expression in 
ts34 AEV-infected erythroblasts 


Two types of assay were used to obtain quantitative estimates of 
haemoglobin expression after shift of ts34 AEV- or wt AEV- 
infected erythroblast clones to 41°C. First, cell extracts were 
reacted with benzidine and assayed photometrically; and 
second, a newly developed competition radioimmunoassay for 
chicken haemoglobin was used. For comparison, before extrac- 
tion the same clones were subjected to the cytological benzidine 
assay. The results of these experiments are shown in Table 2. 
With the benzidine photometric assay a 10- to 15-fold increase 
was Observed in the ts-clones 3 days after shift to 41°C as 
compared to a 2 to 4-fold increase in the wt clones. When the 
same extracts were tested for haemoglobin by competition 
radioimmunoassay, a 5 to 7-fold increase was observed in the ts 
clones whereas no or only a slight increase (1.5-2.5-fold) was 
observed in the wz clones. 

The smaller increase in haemoglobin levels of the ts cells 
observed by these techniques as compared to the cytological 





Table 1 Assay of temperature sensitivity of erythroblasts infected with various pseudotypes of ts34 AEV and wt AEV 





Virus used Incubation 

for infection temperature (°C) 
Expt 1 ts34 AEV 41° 
35° 
wt AEV 41° 
35° 
Expt 2 ts34 AEV (RAV-2) 41° 
35° 
ts34 AEV (SR-RSV-D) 41° 
35° 
ts34 AEV(wt AEV) 41° 
33° 
wt AEV(RAV-2 ts34) 41° 
35° 


Clone no. (% of B* cells) 
4 5 6 7 8 9 10 


1 2 3 
59, 60 98 9i 91 95 6l 87 
0 l 4 2 32 33 F “a7 2 18 
0 49 0 16 0 0 13 0 
0 


26 0 31 0 0 13 0 


35 60 55 40 90 75 25 60 — _~ 
1 1 4 1 22 S 0 4 — — 
55 75 — — — — — —- — — 
5 8 — — — — —— — — = 
85 55 0 60 1 2 60 — — oem 
16 17 0 0 0 0 1 —_ — — 
0 1 1 23 Q 0 5 2 — — 
0 1 0 17 0 0 2 0 — — 





Pseudotypes of ts34 AEV were obtained by inoculating 5 x 10° cells of a clone of ts34 AEV nonproducer erythroblasts at 35 °C with about 10° 
infectious units of RAV-2, SR- RSV-D or AEV (RAV-2). The wt AEV (RAV- 2 ts34) pseudotype was obtained by superinfecting a clone of wt AEV 
nonproducer erythroblasts’ with RAV-2 which had been plaque purified’® from the original stock of ts34 AEV. Virus collected 5 days post-infection 
(p.i.) was used to infect bone marrow cultures at 35 °C. Twenty to 80 colonies were obtained in the cultures infected with the pseudotypes, no colonies 
were obtained with the supernatant of nonproducer erythroblasts without added helper virus. Colonies were isolated, propagated and tested as 
described in Fig. 1. In the cultures stained with benzidine a minimum of 250 cells were evaluated. In expt 1, erythroblasts were shifted 17 days p.i. (that 


is, at about 15-20 population doublings), in expt 2, 24 days p.i. (~22-27 population doublings). 


sensitivity. Regardless of whether RAV-2, SR-RSV-D (Table 1, 
expt 2)or RAV-1 (data not shown) were used as helper virus, all 
pseudotypes of ts34 AEV still induced temperature-sensitive 
erythroblast colonies. In a similar experiment using wt AEV 
(which contains RAV-2 as helper virus) for superinfection of 
ts34 AEV nonproducer erythroblasts, the resulting virus mix- 
ture induced both wild-type (3 out of 7) and temperature- 
sensitive (4 out of 7) colonies (Table 1, expt 2). This indicates 
that ts34 AEV-infected erythroblasts can be superinfected with 
wt AEV. 

An independent line of evidence shows that the original 
helper virus of ts34 AEV is not responsible for the observed 
temperature-sensitive properties of the latter: a pseudotype 
consisting of wt AEV and the helper virus isolated from the 
original ts34 AEV virus stock failed to cause colonies which 
were temperature sensitive for the expression of haemoglobin 
(Table 1, expt 2). 

These results suggest that a gene product of AEV blocks the 
accumulation of haemoglobin, one of the major events during 
normal erythroid differentiation. In the following, this notion is 
substantiated by quantitative data on haemoglobin expression 
and by kinetic studies. 


assay probably refiects a threshold effect of the latter method. 
The expression of haemoglobin in the induced erythroblasts is 
still far less complete than in fully differentiated cells: depending 
on technique used, only 2 to 8% of the haemoglobin levels of 
erythrocytes is expressed in the ts34 AEV erythroblasts 3 days 
after shift. Assuming that the benzidine technique measures the 
levels of protein-bound and free haem and that the radioim- 
munoassay detects the levels of haemoglobin as well as free 
globin, the data in Table 2 suggest that there is a more pro- 
nounced or more rapid induction of haem synthesis as compared 
to globin synthesis in these cells in response to the shift. In 
addition, our data indicate that in AEV-infected erythroblasts at 
the ‘undifferentiated’ stage there is an excess of globin over 
haem, assuming that equimolar amounts of haem and globin are 
present in mature erythrocytes. 


Kinetics and reversibility of haemoglobin 
expression 
To study the time course of temperature-dependent induction of 


haemoglobin synthesis, ts34 AEV-infected erythroblasts were 
shifted from 35 to 41°C and aliquots were stained with ben- 
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a a 
Table 2 Haemoglobin expression in ts34 AEV -infected erythroblasts 
S 
Hb expression in cell extracts: 








Benzidine staining Competition radioimmunoassay 
Cells % Benzidine Ass per mg yg haemoglobin per 
tested positive cells protein 41°/35° mg protein 41°/38° 
ts34 AEV-erythroblasts 35°C 0, 1.4, 1.7 0.8, 1.0, 0.8 5.4, 5.4, 6.2 
9.8, 9.4, 14.8 fe Pe e 
41°C 73, 68, 87 8.2, 9.2, 10.6 38, 32, 32 
wt AEV-erythroblasts 35°C 0, 2.4, 1.6 <Q.2, 1.2, 0.6 3.8, 16.6, 4.4 
—, 2.0, 3.9 1.9, 0.8, 2.8 
41°C 0.1, 7.2, 3.9 1.6, 2.2, 2.0 7.2, 12.4, 12.8 
Chicken erythrocytes 100, 100 446, 394 ae 474, 528 oma 
Chicken fibroblasts, 0,0 <0.2, <0.2 ~ <0.5, <0.5 oe 


macrophages 
DaO 


blue to reveal the proportion of dead cells. Cell extracts were prepared essentially according to the procedure of Conscience et al. Of these 
and for the competition radioimmunoassay as outlined below. 






position 3 to clone 3. The values shown were corrected for the proportion of dead cells. Competition radioimmunoassay: chicken haemoglobi 
prepared from washed erythrocytes of adult chickens as described by Bruns and Ingram'*. This preparation (~90% pure by SDS-polyac 
electrophoresis and staining with Coomassie blue) was concentrated to 11 mg ml” ' by ultrafiltration and dialysed against 6.1 M borate t 
Haemoglobin (30-60 ug) was then labelled with 0.5-1 mCi ['?*1]Bolton-Hunter reagent (Amersham, 1,700 Ci mmol™’) as described”. 
protein was separated from unreacted iodinated ester and other by-products on a Sephadex G75 superfine (Pharmacia) column (0.5 x 10.cm) 
equilibrated with 0.1 M borate buffer pH 8.5 containing 0.25% gelatine. After the addition of 1% Triton X-100 the labelled haemoglobin wasstored 
in aliquots at —70 °C for up to 6 weeks. Radioactivity of the labelled product was between 3 and 6 x 10° c.p.m. per wg protein and of this >90% wasin — 
haemoglobin as judged by SDS-polyacrylamide gel electrophoresis and autoradiography. More than 60% of the labelled product was precipitable 
with an excess of antibody. The reaction mixture for competition radioimmunoassay contained between 50,000 and 60,000 cpm. (410-20 ng) of — 

25) haemoglobin, 2.5 pg of rabbit immunoglobulin directed against chicken haemoglobin (Cappel Laboratories) dissolved in 10 pl RIA-buffer — 
(0.01 M Tris pH 7.0; 0.1 M NaCl and 1% Triton X-100), 5-50 jl cell extract to be assayed for haemoglobin and RIA-buffer up to a final volume of 
400 pl. After incubation for 2 h at 37 °C and 2 h at 4 °C, 10 ul of a 10% (v/v) Staphylococcus aureus suspension prepared according to Kessler’° were 
added and the mixture incubated for another 30 min at 37 °C. The reaction mixture was washed by centrifugation through 500 pl of 10% sucrose in 
RIA buffer and the pellet was resuspended in 600 yl RIA buffer followed by another centrifugation. The radioactivity of the sediment was then 
determined in a gamma counter. In a typical calibration curve, using a standard haemoglobin preparation, 2 ng of cold haemoglobin resulted in 20% 
competition; 9 ng in 50% competition and 60 ng in 90% competition. 





zidine at daily intervals thereafter. As can be seen from Fig. 3, Fig. 3 Kinetics of haemoglobin expression and effect of superin- 
the proportion of B* cells reached a maximum 3 to 4 days after fection with wt AEV of ts34 AEV -infected erythroblasts. Aliquots 
shift. Thereafter, in most experiments, a slight temporary were stained with benzidine at different times after shift. In (a), 
decline was seen which remains unexplained so far. No cells from ts34 AEV nonproducer erythroblasts (clone A6) were 


shifted from 35 to 41 °C without superinfection (©), after superin- 


significant difference in the kinetics was observed in the absence rae ith RAV-2 ©) ine apa ge 
: , : . ; ection wi -2 or after superinfection with wr AEN 
o n ; , : | 
r presence of helper virus (Fig. 3a). After superinfection of (RAV-2) at the day of shift (@). In (B), 34 AEV cells from a 
ts34 AEV nonproducer erythroblasts with wt AEV at the time duci thicbhlast cone (00) were hiid Fon a5 
of shift to 41°C, only a transient expression of haemoglobin 41 °C (O) i n41 i rN P acol - e mae yi a 
a ’ | >) or from o 357 . As- controls, cells were kept at 
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a subsequent downshift of the ts34 AEV erythroblasts to 35 °C, 
exhibiting a similar time course as seen in the upshift experi- 
ments. 100F 


Leukaemogenicity of ts34 AEV 


& 
Q Q 

If ts34 AEV does in fact cause a block of differentiation in its 80 ix = is 
target cells at 35 but not at 41 °C, and if this differentiation block = © 
is correlated to or even causative of leukaemic transformation. os i 
then ts34 AEV should also exhibit a decreased in vitro trans- Ps 
forming ability at 41 °C as well as a reduced leukaemogenicity in vai 
vivo (the body temperature of the chicken exceeds 41 °C). x > y 

Assay of ts34 AEV in bone marrow cells using the methyl- 7 
cellulose colony assay yielded comparable numbers of colonies s 
at 35 and 37°C (580 and 480) but no colonies at 39°C. In 
contrast, however, the number of colonies obtained with 
wt AEV at 39°C (330) was only slightly lower than at 35 and 
37 °C (420 and 370). At 41 °C, no colonies were obtained with 
either ts34 AEV or with wt AEV, probably reflecting a general 
inability of normal and transformed chick bone marrow cells to Days after shift 
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Fig. 4 Leukaemogenicity of ts34 AEV. Three groups of 8-day 
old chicks were injected i.v. with 0.1 ml of growth medium 
containing either 1,000 colony-forming units of cell-free 
ts34 AEV (RAV-2) (13 chicks); 10 colony-forming units of cell- 
free wt AEV (RAV-2) (9 chicks); cr growth medium without virus 
(9 chicks). All animals were observed for the appearance of 
erythroblastosis by preparing blood smears at 2-3-day intervals 
and for death over a period of 3 months, Chicks with #634 AEV, 
circles; with wr AEV, squares. Solid symbols, cumulative % death; 
open symbols, % erythroblastosis. 


form colonies in semisolid medium at 41°C (unpublished 
observations). 

The data in Fig. 4 show that ts34 AEV is also less leuk- 
aemogenic than wt AEV. This was not only manifested in the 
decreased incidence of animals which died of leukaemia (46% as 
compared to 100% in control animals injected with 100 times 
fewer colony-forming units of wt AEV), but also in a delay of 
about I week in the onset of the disease and in the death of the 
animals. Interestingly, erythroblastosis spontaneously regressed 
in three of the mutant-infected chicks. We have never observed 
such a regression in birds infected with wt AEV. Two of the 
regressors were challenged with about 1,000 colony-forming 
units of wt AEV at 3 months of age and both died of eryth- 
roblastosis within 3 weeks post-infection. This indicates that the 
animals were still fully susceptible to the leukaemia and that the 
regression observed was probably not due to immunological 
defense mechanisms. 

To determine whether or not the erythroblasts in the 
ts34 AEV-infected animals were temperature-sensitive for 
haemoglobin expression, periphera! blood cells obtained from 
leukaemic animals were seeded at various concentrations into 
15-mm tissue culture wells containing growth medium and 
incubated at 35 and 41°C. Six days later foci of growing 
erythroblasts had developed at both temperatures and these 
were stained with benzidine in situ. The incidence of pre- 
dominantly B* foci was 2.5% at 35 °C (38 colonies evaluated) 
and 93% at 41 °C (71 colonies evaluated). In addition, B* foci at 
41°C were somewhat smaller than the foci obtained at 35 °C. 
Similar results were also obtained with erythroblasts from two 
further ts34 AEV-infected chicks, whereas only 7% of the foci 
at 41°C (42 colonies evaluated) from a wt AEV-infected ani- 
mals were B*. 

These results indicate that ts34 AEV is less leukaemogenic 
than parental AEV and that the majority of leukaemic eryth- 
roblasts from the peripheral blood of mutant-infected chicks still 
exhibit temperature-sensitive properties. 


Discussion 


The results presented here show that in erythroblasts trans- 
formed by ts34 AEV the expression of haemoglobin can be 
induced by raising the temperature from 35 to 41 °C. Together 
with our finding that the target cell of AEV is an immature 
erythroid cell (ref. 5 and unpublished results) and the obser- 
vation that ts34 AEV showed a decreased leukaemogenicity in 
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vivo, this indicates that AEV induces a block of differentiation in 
its erythroid target cells and that this block may play a crucial 
part in virus-induced leukaemogenesis. Preliminary findings 
showed that ts34 AEV is still capable of transforming fibroblasts 
at 41 °C. ARSO, AEV does not possess the src gene responsible 
for sarcoma formation by avian sarcoma viruses’. This raises the 
possibility that virus-induced leukaemogenesis is a process 
different from fibroblast transformation by avian sarcoma 
viruses. In this regard it will be interesting to determine whether 
transformation parameters as defined in the fibroblast system® 
are also expressed in ts34 AEV-transformed erythroblasts at 
35 °C but not at 41 °C. 

Our results are not compatible with the notion that the 
integration of AEV at a specific site into its host cells is sufficient 
to induce a leukaemic transformation. Instead, they indicate 
that an AEV-coded gene product has to be continuously 
expressed to maintain the block in differentiation and therefore 
also the leukaemic state of the cell. Whether this gene product is 
a protein and whether a host function has to be expressed in 
addition to it remains to be determined. A candidate for an 
AEV-coded protein responsible for leukaemic transformation is 
a 75,000 molecular weight polyprotein synthesised in AEV- 
nonproducer erythroblasts and fibroblasts’. This protein 
consists of part of the gag gene of the virus and an unknown 
portion with a MW of at least 55,000 (ref. 9). 

In experiments in which ts-mutant-infected erythroblast 
clones were tested at rather high passages (after ~25 population 
doublings) only a fraction of the cells from certain clones were 
inducible and also had an increased tendency to lyse after shift to 
41°C (see Table 1, expt 2 and unpublished observations). Such 
‘aged’ clones infected with wt AEV showed also a slight increase 
in haemoglobin expression after shift to 41 °C (see Table 1, expt 
2 and Table 2) and we believe that this reflects a property of the 
host cells and not of the virus. 

The in vivo studies with ts34 AEV clearly show that it is less 
leukaemogenic than the parental wt AEV. Its leakiness is prob- 
ably due both to its residual ability to block differentiation at 
41°C as suggested by the low levels of haemoglobin expression 
in some ts34 AEV-erythroblast clones in vitro as well as to the 
selection of wild-type revertants in vivo. A revertant of 
ts34 AEV has indeed been isolated from erythroblasts obtained 
from a ts34 AEV-infected animal (unpublished results). Inter- 
estingly, the well characterised ts68 mutant of Rous sarcoma 
virus appears to have an even higher residual oncogenic poten- 
tial than ts34 AEV”. 

The observed ‘differentiation’ of ts34 AEV -erythroblasts in 
response to upshift for 3 days was clearly incomplete in that the 
highest haemoglobin levels expressed in these cells did not 
exceed 8% of the amount present in mature erythrocytes. This 
raises the question as to whether the observed effects truly 
represent a step within normal erythroid differentiation. 
However, the conditions for induction tested may not yet have 
been optimal. Thus, in preliminary experiments in which 
ts34 AEV erythroblasts were shifted for 8 days to 41 °C, levels 
of haemoglobin corresponding to about 25% of the amount 
present in erythrocytes were found. In addition, it might be 
possible to improve the physiological conditions required for 
optimal induction and to Isolate less leaky mutants of AEV. 

Obviously, the exact nature of the AEV-induced block in 
differentiation needs further clarification such as by studying the 
influence of metabolic inhibitors on the changes in haemoglobin 
synthesis and by testing additional parameters of erythroid 
differentiation. However, it seems already safe to say that chick 
erythroblasts infected with ts mutants of AEV provide a unique 
new system to study erythroid differentiation in vitro, and this 
can be exploited in a similar way as the induction of differen- 
tiation of mouse erythroleukaemia cell lines infected with 
Friend leukaemia virus by treatment with chemicals'®. In addi- 
tion, the AEV system has the advantage over the Friend system 
that possible side effects of chemicals can be avoided and that 
different diploid clones of ‘transformed’ erythroblasts can be 
analysed shortly after infection. 


Nature Vol. 275 12 October 1978 


We thank Gabriele Doederlein, Elisabetz Goetz and Sigrid 
Grieser for technical assistance, Drs J. F. Conscience and 
W. Schdefer for discussions, and Lynn Graf for help with the 
manuscript. 


Received 21 June; accepted 10 August 1978 


. Graf, T. & Beug, H. BBA Rev, Cancer (in the press). 

. Graf, T., Fink, D., Beug, H. & Royer-Pokora, B. Cancer Res. 37, 59-63 (1977). 

. Graf, T. Z. Naturforsch. Mic, 847-849 (1975). 

. Graf, T., Royer-Pokora, B., Schubert, G. E. & Beug, H. Virology 71, 423-433 (1976). 

. Graf, T., Beug, H., Royer-Pokora, B. & Meyer-Glauner, W. in Differentiation of Normal 
and Neoplastic Hematopoietic Cells (eds Clarkson, B., Marks, P. A. & Till, J.) (Cold Spring 
Harbor Laboratory, New York, 1978). 


Lt de tad hd ma 


S01 


Royer-Pokora, B. et al. Cell 13, 751-760 (1978). 

_ Stehelin, D. & Graf, T. Cell 13, 745-750 (1978), 

Orkin, S$. H., Harosi, F. I. & Leder, P. Proc. nam. Acad. Sei. U.S.A. T2, 98-102 (19758). 

. Hayman, M., Royer-Pokora, B. & Graf, T. Virology {in the press). 

Graf, T. Virology 50, 567-578 (1972). 

_ Conscience, J. F., Miller, R. A., Henry, J. & Raddle, F. H. Exp! Cell Res. 15, 401-432 
(1977). 

12. Lowry, O. H., Rosebrough, N. J., Farr, A. L. & Randall, RJ. Z bol. Crem. 193, 265-275 

(1951). 

13. Crosby, W. H. & Furth, F. Blood 11, 380-383 (1936). 

14. Bruns, G. A. P. & Ingram. V. M. Phil. Trans. R. Soc. B 266, 225-305 (1973). 

15. Bolton, A. E, & Hunter, W. M. Biochem. J. 133, 529-539 {1973} 

16. Kessler, S. W. J. Immun. 415, 1617-1624 (1975). 

17. Kawai, S. & Hanafusa, H. Virology 46, 470-479 (1973). 

18. Friend, C., Scher, W. Holland, J. G. & Sato, T, Proc. natn. Acad. Sci, U.S.A. 6B, 278-382 

(1971). 


mS OOo na 


pè sent 








A two-step fibrinogen-fibrin transition 


in blood coagulation 


Birger Blombäck, Birgit Hessel, Desmond Hogg & Lisbeth Therkildsen 


Department of Blood Coagulation Research, Karolinska Institutet, Stockholm, Sweden and New York Blood Center, New York, New York 





The kinetics of the thrombin -catalysed release of fibrino- 
peptides A and B from human fibrinogen have been 
investigated and a mechanism correlating the release of 
fibrinopeptides to fibrin formation is presented. The 
sequential release of fibrinopeptides results in sequential 
activation of two sets of polymerisation sites. 





WHEN thrombin catalyses the release of fibrinopeptides A and 
B (FPA and FPB) from mammalian fibrinogen, FPA must 
appear’, followed, after a lag phase, by FPB, for poly- 
merisation to occur. Preferential release of FPB by an enzyme in 
copperhead snake venom (Agkistrodon contortrix) does not 
result in normal polymer formation unless FPA is also 
removed’. Light-scattering studies*” have demonstrated two 
types of initial polymerisation geometry of thrombin-activated 
fibrinogen. At near-neutral pH the geometry is predominantly 
end-to-end followed by lateral aggregation’. Fibrin formed 
when FPA is released has a lower mass-to-length ratio than that 
formed after release of both FPA and FPB"®. Thus, it has been 
proposed that two sets of polymerisation sites are involved in 
fibrin formation'®”'*: one set, Aza, is activated on release of 
FPA and results in end-to-end polymerisation; the other, B : b, is 
activated on release of FPB and results in lateral aggregation. 
Shen er al.'® speculated that the lateral aggregation following 
release of FPB may be of particular importance for rapid growth 
of the fibrin fibre. There is direct experimental evidence for at 
least one set of binding sites, probably the proposed A:a 
site'>'*. Here we report evidence for the existence of the B:b 
binding sites and that interaction at these sites is responsible for 
the enhancement of release of FPB observed during fibrin 
fotmation’’. 


Fibrin formation with and without Ca’* 


Thrombin cleaves the bonds Aa 16Arg—17Gly and BB 14Are- 
i5Gly in human fibrinogen. A third bond, Aa 19Arg-20Val, is 
cleaved more slowly'®. Removal of FPA and FPB uncovers Gly 
as N-terminal residue on both a- and B-chains, but the y-chain 
terminus is Tyr. We used N-terminal analysis to estimate the 
release of FPA and FPB and the cleavage of the third bond using 
bovine thrombin. These results were corroborated by radioim- 
munoassay (RIA) for FPA and FPB*°. Polymerisation was 
measured by ultraviolet absorption at 450 nm. Control experi- 
ments with human thrombin (3,000 NIH units per mg) showed 
no significant difference. Figure la shows the results of N- 
terminal analysis on thrombin digests of human fibrinogen. The 
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lower part of this curve corresponds to release of FPA” which is 
followed by gel formation, and the upper part is due to the 


release of FPB*. There was no significant change in the amount 


of N-terminal valine throughout the digestion. 

In similar experiments, FPA and FPB were determined by 
RIA (Fig. 2a-c). As in previous studies””*, at all pH values FPA 
was released first, followed by FPB after a lag phase during 
which polymerisation began. Rate of release, especially of FPB, 
was greater at higher pH and the lag phase became shorter. This 
effect was more evident when lower concentrations of thrombin 
were used. The gel point occurred when no (pH 6.3) or little (pH 
7.4 and 9.0) FPB had been released. At pH 9.0 the gel was 
transparent; below pH 8.4-8.5 it was opaque, in agreement with 
the findings of Ferry and Morrisson'”. 

Ca** binds to fibrinogen, shortening the clotting time”, and 
chelating agents strongly inhibit fibrin formation’. We found 
that the rate of release of the two peptides at different pH values 
was essentially unaffected by Ca** (20 mM) and the transition 
from an opaque to a transparent clot was not observed in the pH 
range studied. 


Release when polymerisation is impaired 
Because the release of FPB seemed tc be greatly accelerated 
after the formation of a clot (Figs 1 and 2), we studied its release 
in systems where polymerisation was impaired. Fibrinogen was 
digested in 2 M urea and proteolysis was assessed by N-terminal 
analyses (Fig. 15). The ratio of Gly: Tvr of 1:1 suggested that 
only one fibrinopeptide was released when botroxobin fibrin, 
which is devoid of FPA’, was digested with thrombin (Fig. 1c), 
and the slow appearance of N-terminal Gly indicated the slow 
release of FPB. When a non-polymerising N-terminal fragment 
of fibrinogen (N-DSK)** was used as substrate in the absence of 
urea (Fig. 1d), again only one fibrinopeptide seemed to be 
released. When N-DSK from botroxobin fibrin was digested, in 
the absence of urea, the result was similar to that in Fig. le. 
Digestion of fibrinogen (60 uM) with thrombin in 2 M urea 
was repeated and the release of FPA and FPB was followed by 
RIA (Fig. 3a). FPA was released completely but only small 
amounts of FPB were released and no absorbance increase at 
450 nm was observed, indicating that polymerisation had not 
occurred. When the digest was diluted six times with buffer {pH 
7.4) a polymer was formed almost instantaneously and FPB was 
released rapidly (Fig. 34). To show that this was not a 
consequence of changes in fibrinogen or thrombin, caused by 
urea or on dilution of the urea solution, fibrinogen (60 4M) in 
2 M urea was kept for 1 h at 37°C and then diluted with buffer 
containing thrombin. On dilution, polymerisation occurred and 
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the sequential release of FPA and FPB was the same as with 
fibrinogen not pretreated with urea. In a second control 
experiment, thrombin (0.95 NIH units ml~') was incubated in 
2 Murea for 1 h and then diluted in buffered fibrinogen to give a 
solution which was 0.33M in urea and 7 uM in fibrinogen 
(pH 7.4), and containing 0.16 NIH units of thrombin per ml. 


Polymerisation occurred in this system and the pattern of release. 


of FPA and FPB was the same as for native fibrinogen at similar 
thrombin concentrations. Other control experiments were car- 
ried out with derivatives of fibrinogen having no capacity $o 
polymerise; botroxobin-treated N-DSK (devoid of FPA but 
containing FPB) was digested with thrombin in 2 M urea (Fig. 
3c). No substantial amounts of FPB were released, but on 
dilution, it was released slowly (Fig. 3d). FPB was released from 
polymerising fibrin (Fig. 36) much faster than from N-DSK in 
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Fig. 1 Appearance of N-terminal glycine during digestion with 
thrombin of fibrinogen and derivatives of fibrinogen. Human 
fibrinogen (95% clottable), fibrinogen and fibrin N-DSK pre- 
parations were as described previously’? Bovine thrombin, 
1,800 NIH units per mg, was purified as described elsewhere”. 
Botroxobin fibrin was prepared by adding 10 ui of an aqueous 
solution of botroxobin (from Botroxobin B marajonesis, 2,400 BU 
per mg, Pentapharm, 0.5 mg ml~’) to 6 ml of 1% solution of 
fibrinogen in 0.15 M NaCl. The solution was incubated at 37 °C for 
4h. The fibrin clot was dissolved in 5 ml 4 M urea and dialysed at 
+4 °C against 25 mM Tris-HCl, pH 7.2, 2 Min urea and 0.125 Min 
NaCl. The fibrin solution was diluted to 20 uM with the same 
buffer and stored at —20 °C in 2 ml portions. Substrates (20 uM) 
were digested with thrombin at 37 °C in 25 mM Tris-HCI, 0.125 M 
NaCl, pH 7.2 (where indicated, the medium was 2 M in urea). The 
procedures used in following the hydrolysis have been described in 
detail”, ‘method A‘ being used for substrates b and c and ‘method 
B’ for substrate d; for substrate a the procedures were modified 
because fibrin clot formation prevented removal of a represen- 
tative aliquot of the digest. This problem was circumvented by 
carrying out the digestion in eight tubes, one tube for each assay 
time, and thereafter carrying out N-terminal analysis on the 
contents of each tube according to method A”. a, Fibrinogen, 
thrombin = 0.18 NIH units ml’. Arrow indicates the time of 
formation of a solid gel; b, fibrinogen in 2 M urea, thrombin = 0.82 
NIH units mi~}; c, botroxobin fibrin in 2 M urea, thrombin = 4.0 
NIH units ml™’; d, fibrinogen N-DSK, thrombin = 0.18 NIH units 
ml. 


Nature Vol. 275 12 October 1978 


Aaso Asso 
|e 
2 100) 








FPA,FPB (%) 





Y 
120 of ee 


Time (min) 


Fig. 2 Thrombin-induced release of FPA and FPB from 
fibrinogen as determined by radioimmunoassay (RIA) technique. 
Human fibrinogen (93-100% coagulability) was diluted in Tris- 
imidazole-HCl buffer? (pH 6.35, 7.4 or 9.0) to give a final solution 
17 mM in Tris and imidazole, ionic strength 0.15 and protein 
concentration 8-10 uM. Fibrinopeptide assay: the fibrinogen 
solutions were prewarmed at 37 °C. Aliquots of 200 ul were placed 
in eight siliconised tubes. Bovine thrombin (specific activity 200 
NIH units per mg) was added to a final concentration of 0.025 or 
0.05 NIH units ml”! and incubated at 37°C. The digestion was 
interrupted by adding 0.1-0.2 AT units of hirudin (Pentapharm) at 
different incubation times. Urea (200 wl of 8 M) was added to 
dissolve clots formed or, in some cases, the clots were removed 
before analysis. Radioimmunoassay (RIA) of FPA and FPB was 
carried out as described elsewhere*”. Polymerisation: As each of 
the above samples was taken for RIA determination, a separate 
prewarmed sample of 1 ml was put into a quartz cuvette and 
thrombin was immediately added to the same concentration as 
above. Optical density at 450 nm against time was monitored in an 
Acta C HI spectrophotometer (LKB-Beckman). The transparent 
type of clot (see Fig. 2c) was not formed in the presence of Ca**. 
The time required for formation of a solid gel is indicated by 
arrows. The latter determinations were carried out in separate 
tubes. a, pH 6.35; b, pH 7.4; c, pH 9.0. @, A359; X, FPA; O, FPB. 


the same conditions. We believe that the polymer formed on 
dilution of thrombin-treated fibrinogen in urea solution 
represents a physiological fibrin structure, because it 
subsequently cross-linked in the presence of factor XIII, to give 
a polyacrylamide gel pattern (Fig. 3, insert) indistinguishable 
from that produced when fibrinogen, in the absence of urea, was 
clotted with thrombin in the presence of factor XIII, and Ca’*. 

Another derivative of fibrinogen with impaired gel-forming 
capacity is obtained by photooxidation**. When photooxidised 
fibrinogen was exposed to thrombin, FPA only was released 
rapidly. When this substrate was digested with thrombin in 2 M 
urea, FPA was released fast and FPB slowly. On dilution of this 
system, the release of FPB was only slightly increased. 

We next investigated congenitally dysfunctional fibrinogen 
from individuals homozygous and heterozygous for dysfibrino- 
genaemia Detroit, in which fibrin formation is delayed?” In 
this condition FPA is released at an almost normal rate, but the 
release of FPB is slow. When normal and affected fibrinogen 
were exposed to thrombin (Fig. 4a-c) the release of FPA was 
always fast. In homozygous fibrinogen Detroit no polymer 
formation was observed during FPA release and the initial 
release of FPB was slow (Fig. 4c). After prolonged incubation, 
polymerisation occurred and the release of FPB was accelerated 
concomitantly (Fig. 4c). Heterozygous fibrinogen Detroit (Fig. 
4b) gave the same patterns as normal fibrinogen (Fig. 4a), as 
expected, because the heterozygous fibrinogen contains about 
50% ‘normal’ fibrinogen”**’, providing an initial concentration 
of ‘normal’ Aa-chain which is almost twice the Km for thrombin- 
catalysed cleavage of this domain in fibrinogen”. 

To demonstrate the causal link between delayed poly- 
merisation and the release of FPB, fibrinogen Detroit was 
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digested with botroxobin (Fig. 55). FPA was released but 
polymerisation and release of FPB occurred only when throm- 
bin was added (Fig. Sc). 


Sequence of events in formation of fibrin 


It is thought that one binding domain (A) becomes active after 
release of FPA and is located in the N-DSK region of 
fibrinogen'*"'5. This domain interacts with a C-terminal domain 
(a) located in a plasmin fragment of fibrinogen, fragment D. In 
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Fig. 3  Thrombin-induced release of FPA and FPB from 
fibrinogen and N-DSK in urea. a, Fibrinogen (see legend to Fig. 2) 
was reconstituted in 2 M urea to give a solution 0.3 M in NaCl and 
60 pM in protein. This solution (pH ~7) was incubated at 37 °C 
with bovine thrombin (200 units per mg) at a concentration of 0.8 
NIH units per ml. After various time intervals, aliquots (200 yl) 
were taken and thrombin quenched with hirudin (1.0 AT units). 
RIA was carried out as described in the legend to Fig. 2. 6, After 
digestion for 1 h the bulk of the digest was used as follows: 50-,l 
aliquots were transferred to a series of siliconised glass tubes. A 
sixfold dilution was obtained by adding 250 wl of 17 mM Tris- 
imidazole-HCl buffer, pH 7.4, containing 24 mM calcium acetate, 
2.5 mg factor XIII (Behringwerke) and 1 wl of Trasylol (Bayer), 
- containing 1,500 KIE per ml, and digests were incubated at 37°C 
for various times. The reaction was interrupted by adding hirudin 
(0.5 AT units). Clots (arrow) were formed after dilution and these 
were removed from one set of experiments for SDS-gel elec- 
trophoresis (see inserts). The gel furthest to the left shows that the 
digest, before dilution, contains non-cross-linked a, BB and y- 
chains. In the other gels polya (at the top) and y—y dimers (just 
above a chain) are seen. The clots from another set were dissolved 
(8M urea in 0.2 M NaOH) and protein determined at 282 nm 
using e = 5.1 107° (ref. 24). The amount (mg) of protein obtained 
is shown at the bottom of the SDS gels. FPA and FPB were 
determined on the clot supernatants using the RIA technique as 
described in Fig. 2. c, N-terminal fragment of fibrinogen (N- 
DSK)” was used as substrate. 20 mg of N-DSK in 2 mi of 0.2 M 
NH,HCOs;, pH 7.9, was digested (3h, 37°C) with 0.2 BU of 
botroxobin. Botroxobin N-DSK, devoid of FPA, was isolated by 
gel filtration (Sephadex G-25) in 0.1 M NH,HCO;. Botroxobin 
N-DSK (60 uM) in 2 M urea containing 20 mM calcium acetate, 
was incubated for 60 min at 37°C with thrombin (0.8 NIH units 
ml~'). FPA and FPB were determined as described in a. d, Dilution 
of the botroxobin-N-DSK-solutions was the same as described in b. 
x, FPA; ©, FPB. 
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Fig. 4 Release of fibrinopeptides and polymerisation in normal 
and abnormal fibrinogens. Fibrinogens (fraction 1-2F) from normal 
plasma‘and from two members (heterozygote and homozygote) of 
a family afflicted with dysfibrinogenaemia Detroit were prepared 
as previously described, omitting the ammonium sulphate pre- 
cipitation step”. Stock solutions of fibrinogen (60 pM) in 0.3 M 
NaCl were prepared. They were diluted with buffers at pH 7.4, 
containing Tris-imidazole-HCI and calcium acetate to give solu- 
tions which were 10 uM in fibrinogen, 17 mM in Tris-imidazole 
and 20mM in calcium acetate. To aliquots (200 wl) of these 
solutions 1 pl of Trasylol (1 KIE) was added. Bovine thrombin was. 
added to a concentration of 0.025 NIH units per ml. Incubation 
was carried out at 37°C for various times and the digestion was 
interrupted by addition of hirudin (0.1 AT units). Polymerisation 
was determined as described in the legend to Fig. 2 except that no 
‘gel time’ determination was made. Fibrinopeptides were deter- 
mined by RIA as described in the legend to Fig. 2. a, mom 
fibrinogen; 6, fibrinogen Detroit, heterozygote (S.H. ae 

fibrinogen Detroit, homozygote (P.H. y>??_ x, FPA: O, FPB; m 
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fibrin formation, an activated A domain of one molecule pro- 
bably interacts with an a domain of another. Evidence for 
another set of binding sites comes from our demonstration that 
the release of FPA from fibrinogen Detroit fails to produce 
polymerisation, although polymerisation does occur eventually 
after release of FPB. The A:a sites of fibrinogen Detroit are 
apparently not activated due to the mutation” Aal9Arg > Ser. 
This mutation, three amino acid residues away from the throm- 
bin-susceptible residue (Aa16Arg) in the Aa-chain, would be 
expected to produce conformational changes in this part of the 
molecule affecting subsequent interactions’’. We propose that 
the release of FPB activates a polymerisation domain (B) which 
interacts with another site (b) in a neighbouring molecule. 
Binding studies’* with thrombin-activated fibrinogen Detroit 
coupled to Sepharose have shown that conjugates lacking FPA 
as well as FPB have no affinity for normal fibrinogen. This 
puzzling observation could be explained if one polymerisation 
domain is left intact in fibrinogen Detroit, and is inactivated by 
the coupling of fibrinogen to Sepharose. 

Our results support the suggestion®” that prior release of 
FPA is essential for the release of FPB in the presence of 
thrombin. Selective enzymatic removal of FPB from fibrinogen 
does not t produce polymerisation at 37°C unless FPA is also 
released”, demonstrating that the unfolding of the B:b poly- 
merisation sites is linked with the release of FPA. It ts interesting 
that polymer formation greatly accelerates the release of FPB. 
The experiments with fibrinogen Detroit strongly suggest that 
this effect is brought about by interactions at the B: b sites. Such 
interaction could induce a conformational change in a nearby 
B£-chain favourable to the hydrolysis of the BG 14Are~-15Gly 
bond by thrombin. The overall consequence of increased FPB 
release is an acceleration of polymer formation, an effect rele- 
vant to any discussion of thrombus formation in vivo. 

Our results have a bearing on the role of calcium in fibrin 
formation. It seems that Ca**, which has only a minor effect on 
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the activation process itself, shortens the time for subsequent gel 
formation. This may account for the effect of Ca** on the opacity 
of clots. Complete transition from opaque to transparent clots 
occurs in the absence of Ca’* at pH 8.5. In the presence of Ca** 
opaque clots are produced throughout the pH range that has 
been studied, suggesting that Ca** influences the ionisation of 
residues with pKs<8.5. Ca** ions possibly stabilise a con- 
formation favourable to the formation of opaque clots, and they 
are known to bind to fibrinogen with high affinity at three 
binding sites’? and to protect against thermal denaturation”’. 

Light-scattering data? can be interpreted in terms of interac- 
ting domains. Those data show that the initial polymerisation 
geometry at pH 6-7 is predominantly ‘end-to-end. At the 
lower end of this range, polymerisation is almost exciusively 
correlated to FPA release and the end-to-end geometry pro- 
bably results from activation of the A:a binding sites. At pH 
9-10, when lateral aggregation is a dominant feature of initial 
polymerisation geometry’, release of FPB is particularly fast and 
the lag phase is short. Lateral aggregation can therefore be 
explained by activation of the B: b binding sites after release of 
FPB. However, the release of FPA is also fast at high pH, 
indicating that the interaction at the A:a sites is hampered at 
high pH. 


The possible mechanism of fibrin 
formation in vivo 


Figure 6 represents the sequence of events in fibrin formation. If 
the B sites are close to FPB in the dimer of fibrinogen, an 
interaction involving the B site on one side of the dimer with its 
corresponding b site can modify the structure of the ‘free’ B site 
on the other half-molecule, so that for steric or conformational 
reasons the B peptide is cleaved faster by thrombin. 

Our results are relevant to fibrin formation in vivo. The slow 
initial release of FPB and the presence of antithrombins in blood 
implies that type I fibrin is the favoured species in blood. Some 
indications of this were obtained in preliminary experiments 
with fibrin isolated from clotted whole blood. Blood was drawn 
into glass bottles containing inhibitors of fibrinolysis (Trasylol, 
40 KIE mi“ and e-aminocaproic acid, 2 mg ml’). The blood 


Fig. § Release of fibrinopeptides and polymerisation in normal 
and abnormal fibrinogen. Fibrinogens were prepared and diluted 
as described in the legend to Fig. 4. RIA and polymerisation curves 
were determined as described in the legend to Fig. 2. a, Normal 
fibrinogen. Digestion with botroxobin was carried out at a concen- 
tration of 0.02 BU per mi at 37 °C. A firm clot was formed which 
could not be dispersed in the buffer used. Therefore, subsequent 
addition of thrombin gave only partial release of FPB (not shown). 
b, Fibrinogen Detroit, homozygote. Digestion with botroxobin 
carried out as in (a). c, Fibrinogen Detroit, homozygote, in a 
separate experiment was digested with botroxobin in the same 
conditions as in (a) for 100 min. At that time (arrow), thrombin was 
added to a concentration of 0.025 NIH units per mi and incubated 
at 37°C for an additional 3h. x, FPA; O, FPB; @, Aaso. 
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Fig. 6 Schematic representation of sequence of events in fibrin 
formation. The upper half of the figure shows schematically possi- 
ble interactions at the sites A:a and B:b. Because of the dimeric 
nature of fibrinogen each of these sites is present in duplicate, that 
is, AA, and so on. The arrows show that the direction of the initial 
growth of the polymer is different when the A:a or the B:b sites 
are exclusively activated. The lower part of the picture summarises 
the events which occur during formation of the two types of 
fibrin. 


was allowed to clot for 6h at 37°C and then left overnight at 
+4°C. The fibrin was isolated by washing extensively with water 
and buffered glycine solution (pH 6.9) followed by extractions 
with chloroform—methanol (2: 1) and ethanol (30% ). The fibrin, 
highly cross-linked as judged by SDS-gel electrophoresis, was 
cleaved with CNBr and the N-DSK portion was isolated”. 
SDS-gel electrophoresis showed that the purity of the N-DSK 
isolated from blood fibrin was the same as that of N-DSK 
prepared from purified fibrinogen. N-terminal analysis of N- 
DSK from blood fibrin showed a Gly/Tyr ratio of about 1.3: 1 
compared with the expected 2: 1 if both FPA and FPB had been 
released. When N-DSK from blood fibrin was digested with 
thrombin (80 NIH units mi~ +) the change in N-terminal pattern 
suggested cleavage of the B814Arg—15Gly bond, indicating that 
FPB was part of the N-DSK structure in this material. 

Type II fibrin may therefore form only at sites within blood 
vessels where the thrombin concentration is extremely high, that 
is, at the site of a lesion in the vessel wall where adhesion and 
aggregation of platelets occurs. Near the lesion, thrombin 
concentration rapidly decreases due to blood flow and inter- 
action with antithrombin, and the fibrin formed is probably 
mainly type I. However, even a slight activation of the B site with 
subsequent B:b interaction may considerably change the 
subsequent time course of fibrin formation due to accelerated 
FPB release. This may result from disturbances in the composi- 
tion of blood or its flow properties and may predispose it to the 
development of occluding thrombi in arteries and veins. It ts 
interesting that type II fibrin seems to be more compact than 
type 1° and that the latter is more easily digested by plasmin”. 
Type I fibrin may then more easily form soluble complexes with 
fibrinogen which are subsequently attacked rapidly by 
plasmin®??**. 
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A cloned DNA transcript of ovalbumin mRNA was cut a 
few nucleotides away from the initiator codon, and fused in 
phase to the beginning of the Escherichia coli B-galac- 
tosidase gene. The hybrid gene has been cloned in E. coli 
where it produces large amounts of an ovalbumin-like 
protein. 


RECOMBINANT DNA technology now permits the intro- 
duction and cloning, in Escherichia coli K12, of genes of various 
origins. However, the expression of foreign genes in this 
bacterial environment is still poorly documented. Several genes 
isolated from the lower eukaryotes (yeast, Neurospora crassa, 
Drosophila) have been shown to be spontaneously expressed in 
E. coli‘ *. There has been no report of genes cloned from the 
higher eukaryotes that are spontaneously transcribed or trans- 
lated. Transcription can be efficiently enforced by the integra- 
tion of gene sequences within a bacterial or a phage gene’™. It 
seems that the best way to promote translation into a poly- 
peptide product is by the construction of hybrid genes in which 
the eukaryotic sequence is fused in phase to a bacterial gene. 
This approach has been used to construct E. coli strains capable 
of producing the small hormone, somatostatin, in the fotm of a 
hybrid protein’. The gene coding for the hormone, which is 14 
amino acids long, was synthesised chemically, fused to the end of 
the E. coli lac Z gene coding for B-galactosidase and cloned ina 
multicopy plasmid. The $8-galactosidase moiety (about 1,000 
amino acids) was elegantly connected to the somatostatin 
moiety through a methionine residue. As somatostatin contains 
no methionine, and as the latter is labile in certain conditions, 
the hormone could be extracted from the hybrid polypeptide by 
treatment with cyanogen bromide’. 

Most polypeptides, however, contain methionine residues, so 
that the above method is not of potential general use unless 





* Laboratoire de Génétique Moléculaire des Eucaryotes du CNRS et U. 
44 de ' INSERM, Faculté de Médicine, Strasbourg, France. 


0028-0836/78/0275-—O0505$01 .00 


other cleavable protein ‘linkers’ are made available. Many 
possible applications of genetic engineering, on the other hand, 
rely on the synthesis of polypeptides larger than somatostatin, 
coded by gene sequences too long to be chemically synthesised 
at present. The recent discovery that at least some eukaryotic 
genes are split'’?° makes it unlikely that such genes, isolated 
from the genome, are easily amenable to expression in E. coil. 
Rather, the most general approach seems to involve (1) enzy- 
matic synthesis of the desired gene sequence from mRNA, (2), 
fusion of this cDNA sequence to a bacterial gene in such a way 
that the eukaryotic sequence can be read in the praper phase; (3) 
cloning in E. coll. 

We have applied this protocol to the chicken ovalbumin gene 
sequence and we report here the constraction of bacterial strains 
which synthesise large amounts of an ovalbumin-like protein. 
This result demonstrates the practicability of the approach and 
opens broader prospects to genetic engineering methodology. 


The ovalbumin system 


Ovalbumin is the major egg white protein. It is a polypeptide 
chain of 386 amino acids, with a single intra-chain disulphide 
bond, and undergoes a few post-translational modifications such 
as cleavage of the first methionine residue, N-acetylation, 
glycosylation and phosphorylation of certain residues. There are 
several known genetic variants*'~**. 

Ovalbumin mRNA (ov mRNA) is predominant in the chick 
oviduct, which facilitates its isolation in relatively pure form. Ov 
mRNA is 1,859 nucleotides long. Its complete sequence has 
been determined by McReynolds et al?” , and consists of a 
64-nucleotide long 5’ non-coding region, followed by a 1,158- 
long coding region, and a 637-long 3’ non-coding region (Fig. 1). 

The ovalbumin gene is split in the chicken genome'*’°**. We 
have recently isolated, by molecular cloning, the various 
genomic DNA fragments which code for cytoplasmic ovalbumin 
mRNA’, Analysis of the cloned fragments has revealed the 
presence of at least six intervening sequences, all located 
within translated regions of ov mRNA. As the structure of the 
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Fig.1 Map of ovalbumin mRNA. Schematic representation of ov 
mRNA according to McReynolds ef al.*®, showing the translated 
(T) and non-translated (NT) regions, the AUG start signal 
{nucleotides 65-67) for protein synthesis, and the position of the 
Hhal, PstI and Sstl sites in the corresponding DNA sequence’?! 


ovalbumin gene was likely to prevent its expression in E. coli, we 
turned our attention towards the DNA transcript of ov MRNA. 

Humphries et al.”*, using a protocol devised for the cloning of 
globin mRNA transcripts’”*°, first isolated a plasmid, pCRI 
ov2-1, which carries about 1,730 base pairs of DNA transcribed 
from ov MRNA. Evidence has been presented that a faithful 
cloned DNA copy is obtained**. As ov mRNA is 1,859 nucleo- 
tides long, pCRI ov2-1 does not harbour all the ov mRNA 
sequence. Restriction mapping, DNA sequencing and electron 
microscopy analysis’®:'”?**!, however, indicate that the missing 
parts originate from untranslated regions of the mRNA. 

As pCRlov2-1 carries all the sequence coding for ovalbumin, 
we first asked whether the gene is expressed in C600r,m, 
(pCRIov2-1). Transcription of the ovalbumin sequence from 
the correct strand could be demonstrated. However, the strain 
produced no ovalbumin-like protein, as indicated by radioim- 
munoassays (see below) which were negative, even in conditions 
where less than one molecule per cell would have been detected 
(O.M.-P., unpublished). We tentatively concluded that the 
ovalbumin sequence in pCRIov2-1 has been accidentally fused 
to an unknown plasmid gene, probably out of the proper reading 
frame. 


Construction of recombinant lac-ov plasmids 


We then decided to fuse the ovalbumin gene sequence to the 
beginning of the E. coli lac Z gene, which codes for B-galacto- 
sidase. Fuller’? has generated a small DNA fragment of 205 
base pairs, flanked by two EcoRI sites, which carries, in addition 
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tothe L8UVS lac operator promoter region, the information for 
the first eight amino acids of 8-galactosidase. (The L8UV5 
mutation makes the system insensitive to catabolite repression.) 
This fragment was engineered by Charnay et al.” into a phage, 
AcI857placSAZL8UVS5S, the DNA of which has a single EcoRI 
site located after the eighth amino acid of B-galactosidase in the 
lac sequence. We used this DNA to generate by digestion with 
EcoRI and Hindill a DNA fragment of 2.85 kilobases which 
carries the beginning of the /ac sequence. This fragment was 
recombined in vitro with pBR322 DNA™ digested by the same 
two enzymes, as outlined in Fig. 2, and cloned in E. coli. The 
resulting plasmid, called pOMPO, was the vector used for further 
recombination experiments. pOMP0 is about 7.1 kilobases in 
size, It makes the recipient host cell resistant to ampicillin (but 
not to tetracycline) and lac constitutive (because lac repressor is 
overtitrated by the operator carried by the multicopy plasmid), 
and has a single EcoRI site located near the beginning of the lac 
Z gene (Fig. 2). 

Most of the ovalbumin sequence carried by plasmid 
pCRIov2-1 can be isolated in a restriction fragment of 2,430 
base pairs, Hhaov, obtained by digestion of plasmid DNA with 
Hhat'***. The analysis of cloned genomic parts of the oval- 
bumin gene’’ has demonstrated the existence, near the S’ end, of 
a site sensitive to Hhal, located very close (about 30 base pairs) 
to an Sst] site in a region present in pCRIov2-1 (ref. 31). When 
the nucleotide sequence of this region of ov MRNA established 
by McReynolds et al.** became available, it seemed that there 
was no Hhal site (GCGC) in the sequence. It occurred to us, 
however, that 35 nucleotides ahead of the SstI site closest to the 
5’ end (nucleotides 116-120), there was a sequence, GGUGCA 
(nucleotides 77-82), which could be changed to GGCGCA 
without modifying the amino acid sequence (GGU and GGC 
both code for glycine). The assumption could be made that 
McReynolds et al” and Humphries et al? had worked on 
different genetic variants and that the Hhal site which we 
observed would be located at nucleotides 78-81 of ov MRNA, 
overlapping two triplets, GGC and GCA, which code for the 
fifth and sixth amino acids of ovalbumin. Accordingly, the 
fragment extracted from pCRIov2-1 should be cut at the very 
beginning of the mRNA sequence coding for amino acids. 


Fig. 2 Construction of plasmids pOMPO and pOMP2. AcI857 placS L8UV5AZ was constructed by Charnay et al.*” by first inserting the 
205-base pair lac sequence (described in ref. 32) into the EcoRI site located at the end of the lac Z gene of a derivative of AcI857placSL8UVS. 
Intramolecular recombination subsequently yielded a phage with only one EcoRI site between the end of the lac Z gene and the 205-base pair lac 
sequence as shown in a. 500 ng of AcI857placSL8UVSAZ DNA (shown as a, where only the region carrying the lac sequence is depicted) and 
50 ng of pBR322 DNA (shown as b) were digested by EcoRI and HindIII, and ligated by T4 DNA ligase in a final volume of 15 pl as usual t35, 
Aliquots were used to transform CaCl,-treated strain 478 (C600 r.myrecBC lacy ) and transformants were selected on tryptone plates 
containing ampicillin (20 pe mi” ') and 5-bromo-4-chloro-indolylgalactoside (X-gal, 40 pg ml”'), on which strains carrying the recombinant 
plasmid give blue colonies. Purified pOMPO was next used to construct recombinant plasmids harbouring the ovalbumin sequence (see legend to 
Fig. 3). The map of one representative plasmid, pOMP2, was established by restriction analysis using the indicated sites (see Fig. 4). pOMPO is 
about 7.1 kilobases long, has single sites for EcoRI, HindIII, Sst] and Pstl. All experiments were carried out with ultrapure hyperhydor water 
(Institut Pasteur). 
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Fig. 3 Fusion of the ovalbumin 
sequence to the beginning of the lac Z 
gene. The DNA sequence of the 
EcoRI-restricted lac Z gene fragment 
is shown in I with the corresponding 
amino acid sequence”’. The first eight 
amino acids of ovalbumin and their 
corresponding DNA sequence”? are Met Gly! Ser? Jie an 
shown in II, with one change at posi- 

tion 79 (C:G instead of T:A written + 
above the line) which creates a site for 
Hhal restriction endonuclease*'. The 
latter splits the DNA as indicated. 
Elimination of the single-stranded 
ends and blunt-end ligation produce 
the fused pene sequence shown in III, 
with the corresponding amino acid G 
sequence. Single-stranded ends were A 
eliminated in the case of pOMPO by 
digestion with S, nuclease followed by 
a treatment with DNA polymerase I 
(to repair possible mistakes made by 
S,). Hhaov protruding ends were 
digested either by S; nuclease or S, 
nuclease followed by DNA poly- 
merase I, or by DNA polymerase I 
alone making use of the 3‘ exonuclase 
activity of this enzyme. 1 yg of purified?? pOMPO DNA was digested by EcoRI (ref. 43) for 40 min at 37 °C. The reaction was stopped by heatin 
for 10 min at 65 °C. The mixture was adjusted to 3 mM ZnSO,, 30 mM Na acetate, 300 mM NaCl, and 20,000 units of purified Sy endonuclease” 
were added. After 15 min at 37 °C, the reaction was stopped by heating for 10 min at 65 °C, and the DNA was dialysed against 10. mM Tris-HCl, 
pH 7.5, 5 mM EDTA (step I). Part of this preparation (330 ng) was treated, in the presence of all 4 dNTPs, with 0.2 units of DNA polymerase | 
(ref. 28) for 15 min at 15°C and then heated for 10 min at 65 °C (step II). Part of the DNA was then treated by bacterial alkaline phosphatase 
(Worthington, heated for 5 min at 80 °C before use) for 15 min at 65 °C (ref. 51). The reaction was terminated by extraction with a mixture of 
phenol and chloroform, and the DNA was extensively dialysed against 10 mM Tris-HCl, pH 7.5, 5 mM EDTA (step H haov (ref. 28) 
fragment was treated either with: a, S, exonuclease (500 ng of Hhaov were digested by 5,000 units of S, in the conditions deseribed for pOMPO) 
or, b, DNA polymerase I (280 ng of Hhaov were treated with 0.2 unit of enzyme as described for pPOMP0) or, c, with S, exonuclease and DNA 
polymerase I (150 ng of the DNA preparation in a being treated with 0.2 unit of DNA polymerase I). 20 ng of pPOMPO DNA at si eps 1, Horii 
was ligated with 7 ng of Hhaov treated either as in a, b or c ina final volume of 10 yl with 0.12 units of T4 DNA ligase (Biolabs) for 15 h at 12°C 
(refs 9, 51). The ligated mixture was diluted to 200 yl with 0.1 M Tris-HCl, pH 7.0, and used to transform CaCl,-treated E. coli 1398 (ref. 35). 
Transformants were selected on tryptone plates containing ampicillin (20 ug ml7'). Colonies were directly screened by in situ hybridisation with 
32D.labelled Hhaov for the presence of ovalbumin sequence’. The positive clones were tested for lac constitutivity on tryptone X-gal 
(40 ug mi~') plates. DNA from the lac*, ov’, ap clones was then used to transform C600r, my and 1442. The plasmids described here arose 
from the following combinations: pOMP1, 10 and 11 = step H pOMPO + Hhaov b; pOMP2 and 7 = step H pOMPO + Hhaov a; pOMP4 = step 

HI pOMP0 + Hhaov b; pOMPS and 9 = step HH pOMPO + Hhaov c. 
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Sequencing of pCRIov2-1 DNA*! later demonstrated that these 
assumptions were correct (Fig. 3). 

The way in which the ovalbumin sequence in Hhaov was fused 
in phase to the beginning of the Z gene is depicted in Fig. 3. In 
brief, after elimination of the single-stranded ends of the Hhaov 
fragment and of EcoRI-treated POMP0 DNA by treatment with 
S, nuclease and/or DNA polymerase I, blunt-end ligation with 
an excess of T4 DNA ligase should yield the structure shown in 
Fig. 3, in those strains where integration of the Hhaov fragment 
has occurred in the proper orientation. The hybrid gene is then 
expected to produce an ovalbumin-like protein of 389 amino 
acids in which the first five amino acids of ovalbumin are 
substituted by the first eight amino acids of B-galactosidase 
(including the first Met residue). 

Recombinant molecules were introduced by transformation 
into E. coli 1398 (ref. 35), a lysogenic host adequate for the in 
situ colony hybridisation method which we have recently 
devised**. Ampicillin-resistant colonies were then screened with 
*2P.labelled Hhaov, a probe which reacts only with recombinant 
plasmids harbouring an ovalbumin sequence. We thus obtained 
eight independent strains showing lac constitutivity (blue 
colonies on X-gal plates, see legend to Fig. 3). The isolated 
plasmids (pPOMP1, 2, 4, 5, 7, 9, 10, 11) were then transferred 
into a non-lysogenic host (C600r,m, ). 


Characterisation of the recombinant plasmids 


The orientation of the integrated ovalbumin sequence was 
determined as follows: recombinant plasmids are cut by PstI in 
two sites, one in the ampicillin gene of pBR322 (ref. 34), the 
other in the ovalbumin sequence’’. If the latter is properly 
orientated, digestion of plasmid DNA by PstI should yield two 


DNA fragments of about 6.9 and 2.7 kilobases. If it is not, 
digestion by Pst] should produce fragments of about 8.5 and 1.1 
kilobases. The results shown in Fig. 4 indicate that the isolated 
plasmids do fall into these two expected classes: in plasmids 
pOMP1, 2 and 4, the ovalbumin sequence is in the proper 
orientation to be transcribed from the lac promoter, whereas in 
plasmids pOMP5, 7, 10 and 11, it is in the opposite direction. 

To determine whether some of these strains produce an 
ovalbumin-like protein, we used a radioimmunoassay, in which 
iodinated ovalbumin is mixed to bacterial extracts and then 
allowed to react with anti-ovalbumin specific antibodies. The 
details of the method are described in the legend to Fig. 5. The 
results were perfectly correlated with the structure of the 
recombinant plasmids: plasmids pPOMP1, pOMP2 and pOMP4 
caused very strong competition, whereas the others (including 
pOMP0O) did not. Plasmid pOMP2 was arbritrarily selected for 
further studies. 


Production of an ovalbumin-like 
protein by pOMP2 


Further radioimmunoassays were carried out to quantitate the 
amount of ovalbumin-like product made in E. coli. In Fig. 5, 
competition by pure, unlabelled ovalbumin (Fig. 56) is 
compared to competition by extracts of an E. coli strain carrying 
pOMP2 (Fig. 5a). The competition by the latter is only 80% 
complete, which suggests that one (or several) antigenic site is 
missing in the protein manufactured by bacteria. Furthermore, 
the competition curve may be regarded as being multiphasic. 
This suggests either that some of the antigenic sites made in Æ. 
coli are more abundant than others, or that some have a lower 
affinity than those of native ovalbumin. Because the size of the 
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ovalbumin-like product is approximately that expected (Fig. 6 
and below), we favour the second interpretation. As we noted 
above, ovalbumin, in the oviduct, undergoes some post-trans- 
lational modifications which may play an important part in the 
structure of antigenic determinants. As it is unlikely that such 
modifications take place in Æ. coll, the ovalbumin-like product 
(which in any case differs from native ovalbumin by a few amino 
acids in the N-terminal end ) may be, for some of the antigenic 
sites, a less efficient competitor than ovalbumin. On this 
assumption, quantitation based on the first part of the multi- 
phasic curve indicates that 2.5 10° cells may produce the 
equivalent of about 15 ng of ovalbumin, that is, about 90,000 
molecules of ovalbumin-like protein per cell. If the whole curve 
was considered as monophasic the estimate would be of 45,000 
molecules per cell (5,000-45,000 in a variety of independent 
experiments, 30,000 on average). 


7 @ 91011 12 13 





Fig. 4 Restriction analysis of plasmids carrying the ovalbumin 
sequence. Horizontal agarose (0.5% Sigma type H) gels (25 cm 
long) were run at SV em”! as in ref. 40. Plasmid DNAs were 
purified from cleared lysates by phenol extraction and ethanol 
precipitation, subjected to digestion by Pst endonuclease (Boeh- 
ringer)“, and run in parallel with size markers (lanes 5 and 10: 
AcI857Sam7 DNA digested by EcoRI and BamHI***, lane 11: 
AcI85787 DNA digested by EcoRI (ref. 43), lane 12: pBR322 
DNA digested by Hindili (ref. 34). The size of fragments was 
estimated on a semilogarithmic plet relating distance to size (in 
kilobase pairs). Plasmids pOMP1, 2 and 4 (lanes 1, 2 and 3, 
respectively) show two fragments of estimated size 6.9 and 2.8 
kilobases, Plasmids pOMPS, 7, 10 and 11 (anes 4, 6, 8 and 9, 
respectively) show two fragments of about 8.65 and 0.7 kilobases. 
Plasmid pOMP®9 (lane 7) does not yield the expected fragments. 
The total plasmid size (except for POMP9) can thus be estimated to 
range over 9.35~9.8 kilobases. The theoretical size is 9.63 kilo- 
ba. + (using estimates of 4.35 kilcbases for pBR322; 2.43 kilo- 
bases for Hhaov, 2.85 kilobases for the Alac EcoRI-HindIil frag- 
ment (as determined by electron microscopy). The respective 
orientation of the lac and ovalbumin sequences which can be 
deduced from these data was confirmed, in the case of pOMP2, bya 
variety of other experiments including double digestion by Psi and 
Hindili, which yields three fragments of about 3.45, 3.1 and 2.97 
kilobases, and digestion by Ss¢l (data not shown) (see Fig. 2). Lane 
13, plasmid pOMP2 digested by HindIII (ref. 34). 
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Fig. 5 Detection of ovalbumin-like protein in bacterial extracts. 
Ovalbumin (Sigma, 99% pure) (30 ye in 201) was labelled 
with imCi of Bolton and Hunter reagent (Amersham, 
> 1,375 Ci mmol’), according to the procedure of ref. 45, except 
that the reaction was stopped after 18h at O°C. Radioactive 
protein was then applied to a Sephadex-G75 column equilibrated 
with 0.05 M phosphate buffer, pH 7.5, 0.25% gelatin, and eluted 
with the same buffer. The iodinated product (initial specific activity 
~16.5 pCi pg} was stored at 4 °C. Antibodies against ovalbumin 
were raised in rabbits by injection of 1 mg of ovalbumin (purified 
by preparative gel electrophoresis) emulsified in Freund’s 
complete adjuvant. A second injection was made 3 weeks later, 
and bleedings were made 2 weeks after. Antibodies were purified 
by (NH,})SO, precipitation and chromatography on CM-DEAE 
cellulose and Biogel P11 columns*’. Radioimmunoassays were 
carried out in a final volume of 300 ul in PBSA (phosphate buffer 
0.1 M, pH 7.5, NaCl 0.15 M, bovine serum albumin 5 mg ml’). To 
the desired dilution of bacterial extract for of unlabelied oval- 
bumin) in PBSA, were added 20 al of mixture containing 15 ul of 
nonspecific rabbit antiserum as a carrier and 10,000c.p.m. 
iodinated ovalbumin. This was followed by addition of 50 yl of a 
dilution of the specific antibodies able to precipitate 50% of the 
iodinated protein. After an 18-h incubation at 4°C, antibody- 
bound ovalbumin was separated from free ovalbumin by addition 
of Na,SO, 18% (w/v) final. The precipitate was centrifuged for 
Smin at room temperature In a microfuge, supernatants were 
pipetted and pellets and supernatants counted in a gamma counter. 
Control experiments with todinated antibodies demonstrated that 
precipitation by Na,SO, was essentially complete. Precipitation of 
iodinated ovalbumin in the absence of specific antibodies did not 
exceed 5-8% of input. Strain 1442 (BMH 7156 A(prolac) 
F‘laci'Z 1118 was transformed by pOMP2, and grown on glucose 
minimum plates (to prevent loss of the episome ensuring the 
overproduction of fac repressor). Liquid cultures of 1442 
(pOMP2) and C600rg;m{(pOMP2) in L broth with 5 ug ml! 
ampicillin were inoculated from plates at about 10° cells per ml and 
grown to about 1.2 x 10° bacteria per ml in the presence or absence 
of IPTG (5 or 16 mM). In some experiments cultures were directly 
frozen and sonicated in the presence of protease inhibitor, PTSF** 
p-toluyl-sulphonyl-fluoride, Ega-Chemie, 30 pgm’). In the 
experiment shown in a, bacteria were concentrated 20-fold in 
PBSA containing PTSF, frozen, sonicated (2 x 20 s in the cold) and 
diluted serially in the same buffer mixed with a constant amount of 
extract of the parent strain 1441. Radioimmunoassays were carried 
out in duplicate. B/ Bo is the ratio between the c.p.m. precipitated 
in the presence and the absence of bacterial extracts or unlabelled 
ovalbumin (nonspecifically precipitated c.p.m. being subtracted 
each time). a, Extracts of 1442 (pOMP2) with (A) and without 
IPTG (@). The abscissa has been recalculated as ul of nonconcen- 
trated extract (1 pl= 1.2 10° bacteria). b, Standard curve with 
ovalbumin (Sigma, 99% pure). 50% competition corresponds to 
15 ng of pure ovalbumin. 
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Fig.6 Size of the ovalbumin-like product in immunoprecipitated 
bacterial extracts. 5-ml cultures of 1442(pOMP0) (lanes 1 and 2) 
and 1442(pOMP2) (lanes 3-6) were inoculated at 37 °C in 63B1 
glycerol medium supplemented with 5pgml ampicillin and 
eventually (lanes 5 and 6) with 1 mM IPTG, grown to an Aso of 
0.5, labelled with *°S-methionine (Amersham, 50 pCi mI’, 
800 Ci mMol™~) for 30 min and poured over an equal volume of a 
crushed frozen solution containing 10 mM NaNs, 200 pg mi~’ 
chloramphenicol and 30 pg ml! PTSF. The cells were then 
centrifuged (5,000g, 10 min at 4°C) and frozen at —20 °C. The 
pellet was resuspended on 0.5 ml of 10 mM Na phosphate buffer, 
pH 6.8, and sonicated (2x20 s in ice). Immunoprecipitates were 
prepared as described by Rhoads et al.*” with minor modifications. 
To 10’ trichloroacetic acid-precipitable c.p.m. were added either 
5 pg of unlabelled carrier ovalbumin and 50 ug of bovine serum 
albumin (BSA) (lanes 3 and 5), or 50 ug of competing unlabelled 
ovalbumin and 5 ug of BSA (lanes 2, 4 and 6). Samples were 
adjusted to 1.4% Triton X-100, 1.4% sodium deoxycholate, 
10 mM Na phosphate buffer, pH 7.5, and 0.15 M NaC, to which 
20 pl of a nonspecific rabbit serum were added. The mixture 
(210 ul) was incubated for 30 min at room temperature, layered 
over 200 ul of 1 M sucrose, 1% Triton X-100, 1% deoxycholate, 
10 mM Na phosphate buffer, pH 7 5, and 0.15 NaCl, and centri- 
fuged (5 min at 4 °C in a microfuge). The upper phase was carefully 
pipetted and 20 pl of rabbit anti-ovalbumin antibodies, enough to 
precipitate 7 5 ug of ovalbumin, were added. After 60 min at room 
temperature, the mixture was layered over sucrose as described 
above, centrifuged and frozen ın liquid N2. A 3-mm long tp was cut 
from the bottom of the tube and the immunoprecipitate was 
resuspended in 20] of 10% glycerol, 2% sodium dodecyl 
sulphate, 62.5 mM Tris-HCl, pH 6.8, 0.7 M 6 mercaptoethanol 
and bromophenol blue, heated for 2 min at 100 °C and loaded on a 
sodium dodecy] sulphate polyacrylamide gel. The resolving gel was 
a 6-15% linear gradient of acrylamide“*. The electrophoresis was 
carried out with the apparatus described by Studier“? at 4 °C for 
12h at 5V. After the run, the gel was fixed and stained with 
Coomassie brilliant blue R-250 (0,2% (w/v) in 
methanol :water:acetic aad, 50:50:7 v/v), impregnated with 
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diphenyloxazole, 
according to the standard technique. Exposure was for 24 h at —70 °C. Arrows indicate the positron of unlabelled size markers added to each 
sample: bovine serum albumin (BSA, 68,000 daltons), ovalbumin (OV) and trypsin inhibitor (TI, 21,500 daltons). The immunoprectpitstes are 


contaminated 
1442(pOMP0); 


severe! bacterial 


proteins. This is probably due to a weak anti-E. coli activity of the rabbit antibodies used. Lanes 1 and 2, 
es 3 and 4, 1442(pOMP72) without addition of IPTG; lanes 5 and 6; 1442 (pOMP2) grown in 1 mM IPTG. In lanes 2, 4 and 6, 


excess unlabelled ovalbumin was added as a competitor. 


We could not clearly demonstrate, in C600 (pOMP2), that the 
synthesis of the ovalbumin-like product is under the control of 
the fac repressor (which is, at least partially, overtitrated by the 
operators). Because of this, we introduced pOMP72 into a strain 
(1442) which overproduces lac repressor. Synthesis was then 
stimulated by the lac inducer IPTG about 50-fold (Fig. 5a). 

The size of the ovalbumin-like product was estimated as 
follows: extracts of cells harbouring pOMP72 and labelled in vivo 
with **S-methionine were precipitated by anti-ovalbumin anti- 
bodies, and the dissociated precipitates were loaded on poly- 
acrylamide gels in denaturing conditions as explained in the 
legend to Fig. 6. The fluorograms in Fig. 6 show a predominant 
band corresponding to a protein which either co-migrates with 
or migrates slightly more rapidly than ovalbumin, depending on 
electrophoresis conditions. In strain 1442 (pOMP72), synthesis 
of this protein depends on the addition of IPTG. Addition of 
excess unlabelled ovalbumin in the immunoprecipitation 
eliminates most of the radioactive band, which indicates that it 
corresponds to an ovalbumin-like protein. In total labelled 
extracts not subjected to immunoprecipitation, the band could 
sometimes be directly observed. In summary, the ovalbumin- 
like product has a size close to that of ovalbumin. 


Synthesis of foreign polypeptides by E. coli 


We have constructed E. coli strains capable of synthesising an 
ovalbumin-like product. The available evidence indicates that: 
(1) synthesis of this product is under lac repressor control; (2) 
the product competes efficiently with iodinated ovalbumin in a 
radioimmunoassay; (3) the size of the product is very similar to 
that of ovalbumin. 


Together, these data strongly suggest that our E. coli strains 
synthesise an ovalbumin-like product, the composition of which 
is probably very close to that expected, that is, eight amino acids 
of 8-galactosidase and 381 amino acids of ovalbumin (out of the 
386 of native ovalbumin). The exact structure of the hybrid 
protein remains to be investigated. 

Bacteria harbouring the recombinant plasmids synthesise an 
average of 30,000 or 60,000, and up to 45,000 or 90,000 
molecules per cell (depending on the interpretation of the 
radioimmunoassay competition curves). This corresponds to 
about 0.5-1% of the total protein mass of an E. coli cell. These 
figures are relatively close to the theoretical yield which can be 
estimated (from the number of -galactosidase monomers 
synthesised in cells harbouring a multicopy plasmid with a 
functional Z gene) to be of the order of 1-2 x 10° molecules per 
cell. 

The production of high quantities of an ovalbumin-like pro- 
tein by E. coli strains raises several interesting points. First, the 
strains are perfectly stable and show no tendency to lose the 
recombinant plasmid. Second, ovalbumin is a secreted protein; 
in preliminary experiments, we find no trace of ovalbumin-like 
product in the supernatant of C600 (pOMP72) cultures. Third, 
the ovalbumin-like protein made by E. coli must be relatively 
stable in the bacterial environment, but no precise measurement 
has yet been made. Fourth, the codons in ovalbumin mRNA are 
not randomly distributed* and their frequency may differ 
significantly from the frequency of codons in E. coli. Some 
codons (AUC, GUG, CCA, GAC, GAA, GCA) are used more 
frequently in ovalbumin than in coliphage genes of known 
sequence™”’, such as MS2 or ®X174. The possible deficiency of 
E. coli in the corresponding minor tRNAs does not seem to 
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interfere much with expression of the ovalbumin gene 
sequence. 

This is, to our knowledge, the first example of synthesis by E. 
coli cells, of a long polypeptide chain from a higher eukaryote. 
The accuracy of the genetic construction which we made is not 
perfect, as five amino acids of the natural protein are missing and 
replaced by a few others from a bacterial protein. There is no 
theoretical reason, in our opinion, that the site of the junction 
between the lac and the ovalbumin sequences could not be 
moved down to the ATG initiator codon, leading to the 
synthesis of an accurate product. This is also the first example of 
a long polypeptide chain synthesised in good yield from a cloned 
complementary DNA made from mRNA. As a whole, our 
experiments demonstrate the feasibility of engineering bacteria 
for a potentially very large number of uses. Because of its well 
balanced amino acid content, ovalbumin is often used as a 
standard for nutritional value, and it is therefore conceivable 
that the ovalbumin-like product made by bacteria could be used 
for feeding purposes. 

Biohazards associated with the experiments described in this 
publication have been examined previously by the French 
National Control Committee. The experiments were carried out 
accordingly in L1B1 conditions”®. 
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A short partial sequence homology is present at all intron- 
exon junctions, or splice points, in the chick ovalbumin 
gene; it is probably a signal for a splicing enzyme. The 
significance of the junction sequences for splicing is dis- 
cussed. We find no evidence of strong Watson—Crick base 
pairing between adjacent junctions. 





OUR knowledge of the organisation of the ovalbumin gene has 
advanced rapidly because of the successful cloning of a major 
part of this gene’. Analysis of the clones’ has shown that the 
gene is arranged in at least eight separate regions (I-VIII, Fig. 
1), which are colinear with the mRNA sequence*. But these 
expressed pieces or exons® are separated by seven sections of 
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DNA or introns labelled A-G which are absent in the mature 
mRNA. Given this remarkably complex organisation, how is the 
mRNA synthesised. Potentially an RNA polymerase could 
transcribe only the exons leaving the introns alone. This 
‘jumping polymerase’ model? would essentially join up sections 
I-VIII to give the correct mature mRNA. Alternatively the 
RNA polymerase could synthesise a copy of the entire gene 
copying both intron and exon regions. This pre-mRNA could be 
cut and the exons joined in the correct order, the introns being 
eliminated. The latter hypothesis seems more likely as there is 
evidence of a 40S pre-mRNA’ containing both exon and intron 
sequences. This mechanism also occurs for other spliced genes 
such as those present in adenovirus*”’°, the 8-globin'’ and yeast 
tRNA genes'*"*. 

The splicing must be a precise process. It has been suggested 
that two adjacent exons distant in an immunoglobulin A chain 
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Fig. 1 Arrangement of introns (light, A-G) and exons (dark, 


I-VIII) in the chick ovalbumin gene. The positions of the cloned 
1.8,2.4 and 9.5 kilobase fragments, separated by EcoRI restriction 
sites are shown. The 5’ EcoRI fragment containing exon I has not 
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The redundant sequences all vary, yet are related in that they 
are all contained within the hexanucleotide (5') T-C-A-G-G-T 
(3'). They undoubtedly reflect a basic sequence homology at all 
junctions. A ‘consensus’ sequence C-A-G-G may be derived 
(Table 1) by counting the frequency of each nucleotide at 
positions a-h of Fig. 3. The base at each position is present in at 
least 11 of the 15 examples. But C-A-G-G is an average and 
individual splice points vary considerably. Specifically (see Fig. 
3) seven junctions contain the consensus C-A-G-G, five contain 


yet been characterised so that the length A is unknown. 


pre-mRNA sequence‘ could be brought into close proximity by 
the formation of a hydrogen-bonded duplex region between the 
two ends of the respective junction regions. The ligating activity 
of the splicing enzyme or enzymes could then join up the two 
exon regions in the pre-mRNA correctly. Here we present the 
sequence of intron-exon junction regions of the ovalbumin 
gene. By sequencing many such junctions we hoped to be able to 
decide whether a similar model might be operating, or whether 
other primary sequence features might also be important. 


Homology at the intron-exon junctions 


The major part of the ovalbumin gene is present in the 1.8 and 
the 2.4 kilobase fragments derived by EcoRI restriction of the 
gene and these two fragments contain 12 of the 14 known 
intron-exon junctions (Fig. 1). Clones of these fragments 
contained within the plasmid pBr 322 and the vector Escherichia 
coli x 1776, had been previously isolated and mapped to locate 
the major restriction enzyme sites'*. Suitable restriction frag- 
ments were then prepared labelled at their 5' end with **P so that 
all these junction regions could be sequenced by the method of 
Maxam and Gilbert’*. Figure 2 shows two examples of the gel 
patterns used to derive the sequence of junctions VI/F and 
F/VII in the 1.8-kilobase fragment. These and the other 10 
ovalbumin junction sequences are collated in Fig. 3 together 
with three additional junctions sequenced in a mouse immuno- 
globulin A chain® and a mouse B-globin'' gene. The underlined 
sequences are exons, defined by their presence in the mRNA. In 
all cases there is a terminally redundant sequence at adjacent 
junctions (boxed in Fig. 3) although the redundant length varies 
from one to four nucleotides. The effect of this redundancy is to 
obscure the exact point of cutting and joining of the pre-mRNA 
so that in no case can we deduce the precise internucleotide 
bond involved in splicing. For example, for junctions II/B and 
B/III (Fig. 3) the mRNA sequence may be derived by cutting at 
junction II/B ata one of the five bonds indicated by arrows in 
the sequence A-A-G-G-T-T. [This is presented here asa DNA 
sequence, but of course exists with U (uracil) replacing T 
(thymine) in the pre-mRNA. The term exon is also used inter- 
changeably in either DNA, pre-mRNA or mRNA.] Exon II is 
then joined to the corresponding point cut within the same 
sequence in junction B/III so as to regenerate this same 
sequence in the mRNA. 


Table 1 A consensus sequence at the intron-exon junctions 


Nucleotide Frequency at each position* 
t © ée € $ f h 
C 4 1 11 tr åO 13 2 
A Ss £ 322 & @ 5: 
G 0 2 ift O0 BW 2 2 
T S F @ 2z Z 41 8 3 
Consensus sequence N N C A G G N N 
Less specific 1 FT EA CG GS TT N 


* Positions a-h cross-reference to the positions marked in Fig. 3. 
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Fig.2 a, Sequence of junction V1/F (see Fig. 3)derived from a 75 
base-pair fragment of an Mboll digest of the plasmid containing 
the 1.8 kilobase EcoRI fragment of the ovalbumin gene. Mboll 
sites were labelled at their 5' phosphate end group with P by the 
Pst! labelling procedure described previously*. Complementary 
strands were separated by heat denaturation in formamide and 
electrophoresis on a 20% acrylamide, 7M urea gel (G.G.B. 
unpublished). Separated strands, one of which is degraded here, 
were subjected to chemical modification according to Maxam and 
Gilbert’! using the alternate G and A degradations and frac- 
tionated on a 20% acrylamide, 7M urea thin gel (0.3 mm x 20 cm x 
40 cm, Sanger and Coulson”). b, Sequence of junction F/ VII (see 
Fig. 3) derived from a Hinfl-labelled fragment of the same plasmid 
(a) recut with Haelll. The **P end-labelling method was identical 
to that described in (a) except that the venom phosphodiesterase 
digestion was omitted. Final fractionation was accomplished by 
electrophoresis on an 8% acrylamide 7M urea long thin gel (0.3 
mm X 20 cm x 80 cm) at 2.4 kV for 8 h to increase resolution at long 
distances (100-150 base pairs) from the 5 terminal label. The ‘C’ 
channel was severely contaminated with T residues in this experi- 
ment due to the use of ‘old’ hydrazine. Nevertheless the sequence 
was clear because of weak C bands in the ‘A’ channel 
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three of the four bases and three (A/H, IV/D and V/E) have 
only two bases in common. If the averaging is extended, a less 
specific sequence T-T-C-A-G-G-T emerges (Table 1). Further 
analysis of the nucleotide frequencies on the 5' side shows that T 
residues are preferred and this is particularly noticeable at the 3’ 
end of introns. An impressive example is junction F/ VH (Figs 25 
and 3) where a ‘run’ of 16 F residues occurs. Thus F residues 
are common in the intron sequence immediately preceding (5 
of} a junction. 


Splice points in the mRNA 


Figure 4 shows the accurate location of the seven splice points 
superimposed on the ovalbumin mRNA sequence. This 
confirms the previous conclusion that the gene is split into eight 
pieces’ and that the splice points are all located in the 5’ half of 
the mRNA. The ‘limits’ of the individual splice points are 
indicated, the uncertainty arising from the terminal redundancy 
at the ends of each intron (see above). For splice points (1) and 
(7) we do not know whether a similar redundancy exists as the 
complete intron sequence was not included within the 2.4 and 
1.8 kilobase DNA fragments studied here. 

It would seem likely, however, that splicing should occur 
at a unique position within the homologous sequence. We can 
speculate that it occurs at the arrowed position: 


T-T-C-A-G!G-T 


as only this position is common to all the redundant sequences 
(Fig. 3). Kourilsky and Chambon” have extended this argument 
and we can formulate the following simple rule. The first cut by 
the splicing enzyme occurs immediately 5’ toa G-T doublet in an 
intron, and the second cut immediately 3’ to an A-G doublet at 
the other end of the same intron. This rule works without 
exception for all the known ovalbumin splice points as well as for 
the immunoglobulin light chain (see Fig. 3). 

The separate exon regions vary from the smallest 49+4 
residues in length between splice points (2) and (3), to the 
longest extending 1,030 residues from splice point (7) to the end 
of the mRNA. Splice (1) occurs in the 5’ non-coding region of 
the mRNA clearly indicating that residues 1-45 of the mRNA 
have some important function to perform. Possibly they are 
needed because they form a highly stable hairpin loop near the 
cap* which is needed for efficient initiation of translation. An 
analogous splicing of a ‘leader’ sequence occurs in adeno- 
virus’? and SV40 DNA'*®. 


Significance of the ‘consensus’ 

sequence C-A-G-G 

Part of the explanation of the consensus sequence is probably 
the A-G and G-T doublets defining the splice point (see above). 
However these doublets alone would not give the observed 
extensive homology. Presumably this homology is part of the 
recognition sequence for a splicing enzyme but it is not 
sufficiently conserved, nor long enough to be a unique signal for 
a splicing enzyme or enzymes. For example, in the 50% (3,400 
residues) of the entire ovalbumin gene that we have sequenced 
(G.G.B. unpublished results), we find 153 positions of which a 3 
out of 4 match for this consensus sequence occurs'®. C-A-G-G 
occurs at 13 of these points and only three of these positions are 
splice points. Nevertheless the consensus sequence is well 
conserved among the 12 splice points in the chick ovalbumin 
gene when compared with the other genes (immunoglobulin, A 
and B-globin) in mice, providing strong evidence that it is 
conserved in evolution. But it does not occur in the spliced 
tRNA genes in yeast although they may have their own special 
mechanism as the introns are very short. The basic homology at 
all the splice points (excepting the tRNA genes) suggests that we 
are dealing with a single splicing enzyme or at least a small 
number of closely related enzymes, with a wide specificity 
amongst different genes. The alternative view that the homology 
results from the convergent evolution of many different splicing 
enzymes—for example, one for each splice point—seems 
unlikely as there is no logical reason why a common sequence 
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Fig.3 Sequence at the 12 intron—exon junctions in the ovalbumin 
gene compared with three other junctions in other genes. For the 
nomenclature of the ovalbumin junctions see Figs 1 and 4. The 
terminally redundant sequences (boxed) at each end of an intron 
were vertically aligned to generate the correct MRNA sequence 
(Fig. 4) and to maximise homology. Exons are underlined. 


should arise. We would expect in that case many different, but 
unique sequences as occurs for example in the recognition 
sequence of the many different restriction enzymes'®. We 
cannot use this homology to definitively predict splice points as 
the consensus sequence is not characteristic enough. Presum- 
ably the additional features, such as the high T content at the 3’ 
end of introns (although a computer analysis shows that this 
property is not restricted to these regions) and other unknown 
features allow specific recognition of authentic junctions whilst 
avoiding other regions. 


No obvious base-pairing between adjacent 
intron—exon junctions 


The splicing enzyme needs to do more than recognise specific 
junction regions. We presume that it must cut and join the 
correct number of exons in the correct order. Where there are so 
many (eight) pieces to be joined in a specific order, it would seem 
extremely wasteful to allow ligation to occur by passive align- 
ment of the correct ends by random diffusion (analogous to the 
blunt-ended ligation of DNA by the bacteriophage T4 ligase). 
We favour the hypothesis that a specific mechanism exists to 
bring the distant exon sequences into close contact. The most 
obvious hypothesis® is that base-pairing occurs between 
adjacent junctions, thus generating a large hairpin loop out of 
the intron. A computer search was made for all secondary 
structures’ in Fig. 3 (allowing G-C, A-T and G-T base pairs) 
that would approximate adjacent junctions. But the free ener- 
gies (AG) of the best structures obtained were never less than a 
few kilocalories”’. In every case a more favourable base pairing 
was possible with known sequences (G.G.B. unpublished) 
elsewhere in the gene. Despite our inability here to find any 
positive evidence for a secondary structure model relying on 
base pairing, we cannot eliminate this mechanism. It is possible 
that intrinsically quite unstable structures in the pre-mRNA are 
stabilised by other (tertiary) interactions. For example, there 
may be long range interactions with other regions in the pre- 
mRNA or even with other RNA molecules®. A more definite 
analysis of this may be possible when the entire structure of the 
ovalbumin gene is known. We have also considered models 
based on the specific affinity of the splicing enzyme(s), or 
subunits of this, for one another. But such models become 
attractive only if there are specific and different enzymes for 
each splice point, as only then could correct splicing be ensured. 


Conclusions 

The sequence analysis of the 12 intron-exon junctions in the 
chick ovalbumin gene shows quite clearly that a consensus 
sequence is present at the splice point. But this homology is only 
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Fig. 4 The seven splice points in ovalbumin mRNA indicated by symbols D-DD. In no case is the splice point precisely known because of 
terminal redundancy at the ends of the respective intron regions. 
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A larger and more turbulent Universe 


THE modern version of the Hubble diagram in which the log of 
the redshift is plotted against apparent magnitude corrected for 
redshift and absorption effects of clusters of galaxies, is in 
principle capable of yielding several cosmologically useful 
pieces of information. In this letter I report evidence for a 
significant and substantial departure from the expected redshift 
for the Virgo cluster of galaxies. A peculiar velocity of 658+ 
96 km s™* is derived but because of Virgo’s membership in the 
Local Supercluster, such a value is not unexpected. Thus the 
turbulence recently observed by Smoot et al.' for the Galaxy's 
motion within the Hubble expansion is present elsewhere in the 
Universe as well. Because the Virgo cluster does not exactly 
follow the Hubble law, a new value for the Hubble constant 
equal to 43.442.6kms ' Mpc’ is found leading to an observ- 
able Universe 1/4 to 1/3 again as large as was previously 
recognised. 

When objects with reasonably consistent and sufficiently large 
luminosities, such as members of clusters of galaxies, are plotted 
in the Hubble diagram, the mean relation will have the 
theoretical slope of 1/5 and a dispersion, which because of the 
nature of a log plot, is greater at low redshifts. The redshift 
residual of a cluster, if sufficiently greater than the standard 
deviation about the mean relation, gives the cluster’s peculiar 
radial velocity. If the absolute magnitude of a cluster object ts 
known, its apparent magnitude and the redshift taken from the 
mean cluster relationship yield the Hubble constant, Ho. In 
addition, the curvature of the mean relationship at very large 
redshifts can give information on galaxy luminosity evolution 
and the deceleration parameter. | 





Table 1 Data for clusters of galaxies 





CAA/ AG Ap 
Cluster (kms) {kms"') logez V* Ky Ay 
Virgo 1,144468°’ 361455 3.1782 10.0°° 6.01 0.01 
A1367  ~=6,424 +. 238° 371457 3.8328 14.32% 0.04 0.01 
A1656 = 6,943 + 61° 315+48 33614 14.77 0.05 0.00 
A2199 9,002+180'° 3) 66410 3.9577 15.47 0.06 0.09 
A151 15,749+309Éf -328+50 4.1876 16.47 0.08 0.00 
A754  16,256+205 331+51 4.2202 16.78% 0.08 0.26 
A2065 21,384 161+25 4.3336 17.10%" 0.10 0.04 
+ 298° !4% 
A2670 22,491+300'° -379458 4.3441 17.3'% 0.11 0.01 





The first column gives the cluster identity, the second the redshift in 
kms? referred to the Sun, the third the velocity correction of Smoot et 
al.inkms”', the fourth the log of the relativistically combined redshifts, 
the fifth the inflection point visual magnitude, V*, the sixth the K- 
correction from Schild and Oke’, and the seventh the galactic absorption 
computed from Ay = 0.19 (csclb"|—~1). The redshift of cluster A754 is 
an average of three unpublished redshifts which I obtained with the 
image tube spectrograph and 2,1-m telescope of Kitt Peak National 
Observatory in February 1975 at a reciprocal dispersion of 
111 Å mm `’. The data represent the combined results of several thous- 
and galaxy magnitude measurements and several hundred galaxy 
redshift measurements. 

* Because of a calibration error in ref. 14, all redshifts were decreased 
by 121 km st 
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Although we are far from learning a great deal about evolu- 
tion and the deceleration parameter from the Hubble diagram, it 
is now possible to say something about Ho and the peculiar 
velocity of at least one of the nearer clusters. This has come 
about through the use of a reasonably accurate way to gauge 
relative cluster distances and through a better knowledge of the 
cluster redshifts. Whereas use of the brightness of the first- 
ranked cluster galaxy as a distance indicator yields a standard 
deviation of 0.30 magnitudes about the mean Hubble relation’, 
use of the inflection point in the cluster luminosity function 
yields a standard deviation almost 3 times smaller’*. Following 
the detection of an anisotropy in the cosmic blackbody radia- 
tion', explained as solar motion of 390+60 kms"! relative to 
the average Hubble expansion in the direction of right ascension 
and declination, a = [lh, 6 = 6° (or galactic longitude and lati- 
tude, /''= 248°, b" = 56°), it becomes possible to correct the 
observed cluster redshifts. For distant clusters this correction is 
fractionally small but for the nearest ones, proportionally larger 
changes occur. For the Virgo cluster in particular, the derived 
peculiar velocity is found to be significantly larger. 

Table 1 presents the data for eight clusters. The straight line in 
Fig. 1 is the best fit with the theoretical slope 1/5 to the 7 most 
distant clusters and has an intercept on the log cz axis of 
0.9319+0.0091. Such a fit must be made only to data points 
with redshifts large enough for the effects of any peculiar 
velocities to be proportionally small. Because Virgo’s corrected 
redshift is only 1,507 kms” and its derived peculiar velocity is 
almost half this value, the Virgo point must be excluded from 
the fit. For the most distant cluster (A2670), a peculiar velocity 
equal to that of Virgo’s would be only 3% of the corrected 
redshift and would result in an additional residual about the 
mean line of only 0.0137 in log cz or 0.07 mag. 

The standard deviation for the fit of the seven most distant 
clusters about the straight line is only 0.12 mag. This dispersion 
is by far the smallest of any of the methods of gauging relative 
cluster distances. The cosmic dispersion of M%¥ must be even 
smaller than this value because the precision in determining V* 
from the luminosity functions is at present about +0.05 mag, the 
galactic absorption is most likely ‘spotty’, the cluster redshifts 
have a non-zero mean error, and the clusters other than Virgo 
may have peculiar radial velocities as well. A trial fit excluding 
also the second nearest cluster (A1367) reduces the standard 
deviation to only 0.07 mag. 

The Virgo cluster point lies 1.25 mag to the left of the mean 
relation for the seven clusters but because the residual ts greater 
than 10e, the Virgo cluster is interpreted as having a peculiar 
radial velocity of 658 km s `+. The various sources of uncertainty 
give the standard deviation of this value as 96 km ~l; thus the 
Virgo peculiar velocity is certain at almost the 7a level. An 
earlier preliminary calculation without the velocity correction 
gave a peculiar velocity about one half as large'”. This result 
contradicts the assertions of Sandage and Tammann”? who 
discount any peculiar velocity for Virgo and argue that the local 
velocity field is as quiet as it can be”’. 

The Virgo peculiar velocity indicates velocity irregularities on 
a scale size of about 20 Mpc. Such a condition is not unexpected 
because the Virgo cluster is a member of the Local Supercluster 
and must move within it. Following Abell’’, for a supercluster of 
this size in equilibrium, with a mass of 10°° solar masses, and an 
isotropic velocity field, a radial velocity dispersion of about 


© Macmillan Journals Ltd 1978 


Nature Vol. 275 12 October 1978 


850 kms" is predicted. The peculiar velocities exhibited by the 
Galaxy (including its neighbours in the Local Group) and the 
Virgo cluster may be examples of the motions of clusters within 
bound superclusters and therefore manifestations of a universal 
turbulence existing since the early stages of the Universe. 

If on the other hand the Local Supercluster is not bound, a 
cluster with a large peculiar velocity will eventually catch up to 
clusters with the average Hubble expansion and thus the pecu- 
liar velocity will die out with time. In the past the peculiar 
velocities of clusters would have been even larger. A third 
possibility, suggested by Rowan-Robinson”’, is that entire 
superclusters are in rapid motion relative to each other. As 
superclusters are not known to be bound to each other, this 
motion would also die out with time and would also have been 
greater in the past. This third situation is not inconsistent with 
either of the first two—although the first and second are 
incompatible with each other—and we may in fact be 
experiencing some combination of motions. 

An apparent inconsistency between the solar motion of 
Smoot et al.' and that of Rubin et al.?** deserves comment here. 
From a study of 96 galaxies with 3,500<cz <6,500 kms”! 
Rubin et al. derive a solar motion of 600+ 125 kms™', but in a 
direction about 109° away from that of Smoot et al. However if 
Rubin et al.'s sample of galaxies has a peculiar velocity of 
815 kms"' relative to the average Hubble flow and ina direction 
toward a = 12.5 h, & = 33° (/" = 298°, b" = 30°) the discrepancy 
is explained. The picture that is emerging at present therefore is 
of a Universe that is much more turbulent than previously 
thought. The quiet velocity field of Sandage and Tammann then 
is explained by the absence of a correction for the Galaxy’s 
peculiar motion and a less accurate distance indicator (their 
results yield 34 kms‘ for the Virgo peculiar velocity). 

The Hubble constant is derived from the mean cluster predic- 
ted redshift of 847+38kms`* for Virgo and its distance in 
Mpc’s. Table 2 lists several distances for Virgo taken from the 
literature. Because the Virgo peculiar velocity was not pre- 
viously known, the Hubble constants derived here are 


Fig. 1 The Hubble diagram for cluster of galaxies based on the 
inflection point magnitude, V*, as a distance indicator. For the best 
fit to the seven most distant clusters with the theoretical slope of 
1/5, the standard deviation is only 0.12 mag. The error bars given 
the mean errors of the corrected redshifts. Except for the two 
nearest clusters the mean errors are too small to be shown. The 
large residual for the Virgo cluster point at the lower left indicates a 
substantial peculiar velocity for this cluster. 
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Table 2 Distance of the Virgo cluster and the Hubble constant 


seanair rrara 














Reference 

for Corrected Ho 7 
distance (m-M)anp (m-M)r D(Mpc)  (kms”’ Mpe’) 
25, 26 30.9+0.2 30.62+£0.2 13.341.2 6447 

27, 26 31.3405 31.0240.5 16.043.7 53413 

28,26 31.940.4 31.6240.4 21.1439 408 

20 = 31.45+0.09 19.540.8 43.442.6 


nen re aT ecaatammneenimeaiseeninanetsasemndmmienninmennieannien dame todadtdintaaieeheaduneseeieedddecuommamsssssiieinseinishaicemumammcieesmiaiaiaiaiaiiidil 


Column one gives the reference, two the apparent blue distance 
modulus corrected as described below, three the true distance modulus, 
four the distance in Mpc’s, and five the Hubble constant in 
kms”! Mpc™!. Racine’s” apparent blue modulus has been increased by 
0.2 mag to account for a recalibration of his photographic B magnitudes 
given by Ables et al.*®. Racine’s distance is based on a comparison of 
globular cluster brightnesses in M87 with those in M31 and the Galaxy. 
Because the Galaxy is deficient in globular clusters this distance may be 
too small. Sandage?” and van den Bergh compared globular cluster 
brightnesses in M87 with those in M31 alone. Since their results are 
based on Racine’s measurements however, their moduli have been 
increased by 0.2 mag also. For these three values the true distance 
modulus was obtained by subtracting 0.28 mag to account for galactic 
absorption and K -dimming (0.26 and 0.02 mag, respectively), Sandage 
and Tammann”? give only a true distance modulus based on the bright- 
nesses of Virgo spirals, with the spiral calibration being based on the 
diameters of HH regions. 


significantly smaller than those derived previously. Racine had 
reported Hy = 79+ 12, Sandage 75.3+17, van den Bergh 60+ 
12, and Sandage and Tammann a local value of 5723 and a 
global value of 55+6kms~' Mpc’. The new values of the 
Hubble constant in Table 2 are smaller by 19-33%. 

On the basis of the least formal error in the distance modulus, 
the best estimate for the Hubble constant is Hy= 
43.4+2.6kms ' Mpc”! which leads to an observable Universe 
about 1/4 to 1/3 larger than was previously recognised. The 
corresponding Hubble time (time since the beginning of the 
Universe if there was no slowing of the expansion)is 22.52 1.4x 
10° yr. As the oldest known stars are about 15 x 10° yr old, there 
may have been some slowing of the expansion and/or a delay of 
star formation, possibly due to the turbulence. 
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Relativistic jets 
and beams in radio galaxies 


RADIO-ASTRONOMICAL observations have recently clarified 
the link between the components of extended double sources 
and the primary power supply in the central galactic nucleus. 
The new data vindicate the general idea'* that power is 
continuously supplied by beams; it seems, furthermore, that the 
beams are collimated in a scale little larger than the central 
power supply («1 pc), and that the orientation remains fairly 
steady over the whole lifetime. The giant double source 3C236, 
2x10’ light yr in total extent“, has a compact central 
component aligned with the overall axis’; a similar phenomenon 
is observed in Cygnus A (ref. 8). In NGC6251, a straight jet 
200 kpc long” emanates from a ‘blowtorch’ <0.1 pe wide in the 
galactic nucleus’. There is a radio jet'' in 3C147 reminiscent of 
the well-known features in M87 and 3C273; and very long 
baseline interferometry (VLBI) reveals linear structure in 
several compact extragalactic sources'*. It is argued here that 
collimation occurs close to a central collapsed object, and that 
the beams are orientated along its spin axis. Strong-field gravi- 
tational effects then stabilise the beams against jitter even if the 
gas fuelling the source has an inconstant flow pattern. Radio 
galaxies where the beam axis seems to have gradually drifted or 
swung, rather than pointing in a constant direction, may belong 
to a special class that have experienced collisions and recurrent 
nuclear activity. 

The beams squirt from active nuclei with velocities approach- 
ing c. The most direct indications of relativistic bulk motions are 
the ‘superluminal’ variations’? in compact sources: the detailed 
kinematics are still obscure—from a surfeit’*, not an absence, of 
acceptable models—-but most ideas entail bulk plasma motions 
at speeds ~c. Indirect evidence for collimated relativistic 
outflow comes from the polarised optical continuum outbursts in 
objects such as A0 0235+ 164 (ref. 14), which pose severe 
interpretative problems unless the emitting material is directed 
towards us at speed ~c (ref. 15), Doppler-favouritism of the 
approaching beam, when speeds are relativistic, yields a natural 
explanation for the onesidedness of jets in, for instance, M87 
(refs 16-18). 

The central ‘engine’—already inferred from source energetics 
to be highly efficient—seems therefore able to generate plasma 
whose mean kinetic energy per particle approaches the rest mass 
energy. Prime candidates for efficient engines are black holes of 
~10° Ma accreting from their surroundings: efficiencies can 
then attain ~10%, and the output can persist for the whole 
~10* yr lifetime of a giant source like 3C236. 

Many variants of this scheme have been theoretically investi- 
gated, and almost all can generate the required high mean 
energy per particle'**’. This is basically because the energy 
release is concentrated within a few Schwarzschild radii (7, = 3 x 
10'3 (M/10® M.) cm) where the keplerian speeds are ~c/2, as is 
the sound (or Alfvén) speed in pressure-supported gas. Possible 
processes near the hole may involve high ion temperatures?” , 
relativistic shocks, radiation pressure, magnetic flares****, or 
pulsar-type electromagnetic processes’”*’; but all options 
suggest that a relativistic electron-ion (or e’-e ) plasma may be 
the primary product of the gravitational energy released by 
captured material. 

Collimation of this relativistic plasma must demand some 
asymmetry in the surroundings, probably due to rotation. For 
instance, if the central power-source is embedded in a rotation- 
ally flattened cloud, the plasma will tunnel its way out by 
excavating nozzles along the rotation axis. This ‘twin exhaust’ 
configuration? (which can create directed beams even if the 
plasma is generated with an isotropic pressure) could be 
established on any scale: in particular, there is no reason that the 
nozzles should not be at <100,, if the outflowing plasma 
originates very near the hole. 
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The nozzle walls could be confined by hot inwards-spiralling 
material forming a thick disk or ‘donut’, centrifugally inhibited 
from draining into the hole*’**. This confining material would 
be supported by the pressure of radiation, ions, or magnetic 
fields. The shape of the nozzles depends on the precise 
pressure distribution and rotation of the confining cloud, but the 
walls lie outside the (roughly paraboloidal) surface within which 
a particle would have so little angular momentum that the hole 
could swallow it. 

Collimation mechanisms influenced by non-newtonian gravi- 
tational effects near the hole have some peculiarly interesting 
consequences, discussed below. Such influences are restricted to 
length scales much smaller than those for which we have direct 
radio evidence. The beams, as they propagate outwards, cool in 
accordance with Bernoulli’s equation; they may also cool radia- 
tively, the resulting emission perhaps representing the non- 
thermal optical continuum from variable galactic nuclei'*, Re- 
randomisation of bulk kinetic energy occurs in the components 
of extended double sources where the beams impact on an 
external medium’. Radiation from the beams themselves (and 
the superluminal compact sources in particular) indicates some 
dissipation along the beam due to shock formation, entrain- 
ment, or friction. The beam speeds may well remain relativistic 
out to distances of hundreds of kpc, at least in the stronger 
sources, otherwise the residual power input into the extended 
components would be much less than that dissipated by friction 
along the beam. 

The common statement that the beams should be aligned with 
the associated galaxy’s rotation axis (minor axis?) deserves more 
analysis. One should distinguish the rotation axes of the galaxy, 
of the infalling gas (which provides the fuel and influences the 
collimation), and of the black hole itself; anisotropies in the 
extragalactic environment may complicate the picture still 
more. 

If the relevant gas comes from general stellar mass loss, and 
pervades (or has been accreted from ) the whole galaxy, then its 
angular momentum vector should coincide with the galaxy’s. 
The same statement holds for primordial gas falling into an 
elliptical: after one or two orbits its distribution would have 
become axisymmetric with respect to the galaxy’. Thus, barring 
such complications as triaxiality™’, the gas should provide a 
stable long-term symmetry axis. But this gas may not provide an 
adequate fuelling rate for the most powerful sources™ (unless it 
accumulates and is then dumped sporadically). This suggests 
that there may be an extra supply of gas near the nucleus. For 
instance, Hills?! invokes a ‘debris cloud’ of disrupted stars, in 
which the velocity dispersion is v, =~ 10°kms~'. The storage 
time for gas in this cloud is fore = (7,/¢ (v4 /c) >. The number of 
stars contributing to the cloud at any instant is then N = 
teroreM/m,; the angular momentum vector then jitters, on a 
timescale ~fetore, DY ~(NE y5 rad, e being the oblateness of the 
central star cluster. This could be unacceptably large, suggesting 
the need for some other process to stabilise the beam orien- 
tation. 

If the black hole is spinning, the Lense~Thirring ‘dragging of 
inertial frames’ influences material sufficiently close to it. An 
orbit of radius r and period fə» that does not he in the 
hole’s equatorial plane precesses on a timescale tprec™ 
torn(I/ Imax) (r/r, J being the hole’s angular momentum and 
Jaa the maximum angular momentum of a Kerr hole. If the 
material drifts inwards only slowly (that is, fistan(7) > fom(7)) then 
the precession builds up over many orbits. As Bardeen and 
Petterson”? pointed out, there is then a critical radius rgp at 
which f5rec = fintar: For 7 S rgp, the gas flow ts axisymmetric with 
respect to the hole, irrespective of its original angular momen- 
tum. Thus, if the beams are collimated at a radius © rpp, their 
orientation is, in effect, stabilised by the hole; they are then 
impervious to jitter resulting from short-term (timescale 
« M/M) fluctuations in the flow pattern of the surrounding gas. 
If this is the reason for the extraordinary long-term stability of 
3C236, the ratio of the size of the source to the dimensions of the 
nozzle must be =10'":1. 
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Black holes may generally develop from an accumulation of 
gas with the same provenance as that which later fuels the 
accretion process. We would then expect alignment of the hole’s 
axis with the angular momentum of the galaxy. But one can 
envisage circumstances when a galaxy might acquire a mis- 
aligned black hole. Suppose, for example, that a galaxy 
harbouring a central hole—a relic of earlier violent activity— 
collided or merged with another galaxy. The new merged 
galaxy would then be misaligned with its central hole. (The same 
holds true if the merging galaxies each contained a black hole, 
and the two holes coalesced.) 

What happens if nuclear activity in this merged galaxy is 
revived by capture of intergalactic gas?** Beams collimated at 
radii S rap will emerge along the hole’s rotation axis. But this 
axis will gradually swing as the accretion proceeds; owing to the 
Bardeen-Petterson” effect, each unit mass of infalling material 
changes the hole’s angular momentum by ~Jmax(7ap/7s)'- The 
timescale for the hole to align with its new surroundings is thus 
tap = (M/M \J/Jmax)(1./Tar) . (This process is more rapid than 
any forced precession’, unless the black hole acquires a charge 
which permits electromagnetic torques to act on it**). The value 
of tgp cannot be estimated precisely, but is of the same general 
order (~10* yr) as the overall lifetime of active nuclei. 

Reviewers of morphology®”” have noted a class of sources— 
for example, NGC315, 3C47, 3C192 and perhaps Cygnus A— 
characterised by reflection symmetry: it seems from the radio 
contours as though the two symmetrical oppositely-directed 
beams have gradually swung or drifted over the source lifetime. 
Perhaps these radio galaxies are systems where a pre-existing 
central black hole is gradually being torqued into alignment with 
the angular momentum of newly supplied fuel that has reac- 
tivated the nucleus. The gas and plasma dynamics in these 
sources must be even more complex than in typical doubles. 
Each beam would be slightly skewed by the transverse drift, the 
cocoon surrounding it being smeared into a fan shape. (The 
existence of sharply curved beams in trail sources such as 
NGC1265 shows that instabilities are not catastrophic even 
when there is a strong transverse pressure gradient”. ) This class 
of sources obviously holds clues to the collimation mechanism 
and beam dynamics; but they also have added interest if their 
distinctive morphology is indeed a manifestation of general 
relativistic effects near a black hole, the scale of the 
phenomenon amplified 10'°-fold by the plasma beams. 

I thank Ron Ekers and his colleagues at Groningen for 
stimulating discussions. 
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Location of pulsating binary X-ray 
source 4U1538 — 52 with the HEAO-1 
scanning modulation collimator 


THE 529s pulsating’? X-ray source 4U1538—52 has been 
found to be a 3.73d eclipsing binary system’. The most accurate 
orbital elements yet determined* imply that the primary is an 
early type giant or supergiant star. Independent determination 
of the primary mass will make it possible to estimate the mass of 
the .(assumed) neutron star secondary. Cowley er al.* have 
surveyed the stars in the Uhuru’? and Ariel 5* error boxes and 
called attention to 10 stars consistent with the inferred prop- 
erties of the primary. A precise (40") position of 4U1538—52 
obtained by SAS 3° includes only two of these stars*. This letter 
reports a HEAO-1 position measurement of precision 12” in 
one dimension which clearly selects one of these two stars 
(number 12) as the candidate identification. 

The HEAO-1 observing programme allowed the scanning 
modulation collimator (MC) experiment’ to observe this 
region from 20 to 28 August 1977. Three constraints limited the 
data we could use in determining the position: the necessity to 
avoid the nearby source MX1608 — 52, which was in a strong 
transient state at this time”’'”; the lack of data during the X-ray 
eclipses; and the progressive deterioration and failure of one of 
the four MC2 (120" FWHM modulation collimator) pro- 
portional counters during this period. (The one counter was 
identified and turned off on 29 August 1977, and did not affect 
MC2 data subsequent to that date.) We therefore obtain only a 


Fig. 1 Circle, SAS 3 90% confidence error region. Heavy lines, 

boundaries of 90% confidence error region determined by the 

30 arc s modulation collimator. Numbered stars were observed by 

Cowley et al.*. Lettered stars appear :n the finding chart given by 
Apparao et ai.”. 


4U1538-52 
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Fig. 2 Abscissa, mass of the primary in units of the solar mass. 

Ordinate: q = M,/M, on left scale, K = orbital velocity of primary 

on right scale. Dashed curve: upper limit to allowed parameters if 

the inclination / = 90°. The solid curves are denoted by (X-ray mass 

function, eclipse half-angle) and enclose the region allowed for 
fu = 12.942.6Mz and 6, = 28°+ 3°. 


single line of position, using 12 orbits of data from MC1 (30” 
FWHM modulation collimator) on 25 August 1977. The half- 
width of the error region is 12” (90% confidence), considering 
counting statistics and aspect solution accuracy. We measure an 
average flux of (1.2+0.2)x 107'°ergcem™’s™' (2-6 keV), with 
an additional systematic uncertainty of about 30%. 

Figure 1 shows this line of position with the SAS 3 error circle. 
Stars 10 and 12 are among the candidates noted by Cowley et 
al.. Of all the stars having m, and B — V consistent with an OB 
supergiant as required by the X-ray mass function®*, only star 
12 is allowed by the present location. Preliminary optical reports 
indicate that star 12 is an early-type star'' with He I and H, 
emission'?, and with radial velocity variations K ~25 kms” 
consistent with the X-ray orbital period, thus proving the 
identification *. 

The present system is the fifth example of an X-ray pulsator 
with a well-defined binary period. The transient 4U0115 + 63 is 
the sixth example”’, but does not show an X-ray eclipse and 
therefore a mass solution for the X-ray emitter can not yet be 
made, pending measurement of ellipsoidal light variations. For 
the other four neutron stars as a class, it can be established that 
none has a mass less than 0.6 or greater than 4.0 Mo (refs 14, 
15). For 4U 1538 — 52, the measurements’ of the mass function 
give f(M)=13+2.6 and measurements of the eclipse semi- 
duration give 8, = 28° + 3°. We can then express’ the mass ratio 
q = M,/M, of the X-ray emitting (neutron) star to the primary 
star as a function of the unknown primary star mass (Fig. 2). This 
approach differs from that of Davison et al.* who assumed a 
range of 1 to 2 Mo for the neutron star mass and then derived 
properties of the primary. Here we make no a priori assumptions 
on the mass of the compact star. It is assumed that the primary 
fills its Roche lobe, and the average radius of the primary as a 
function of q is taken from Kopal’s'’ Table 3-2. 

From the duration of the X-ray eclipse we deduce that the 
primary star radius R, is greater than 10 Ro, and from the 
semi-major axis‘ a, sin i = 55.2 + 3.7 light-seconds we deduce’ 
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R,<34R.,. These limits restrict the star to be either an early 
type (OB) or a red giant. However, red giants have masses 
<10 Ma, and are directly excluded by the mass function value, 
as shown in Fig. 2. 

For the present candidate, Cowley ef al.” give a measured 
B-V =2.1 and apparent V = 14.1. Since (B — V) = —0.3 for 
an OB supergiant’®, we have Eg-y = 2.4 and Ay = 3.2E,-y = 
7.7. Such a large reddening in this direction (l = 327°, b = 2.2°) 
implies a source located at least 2 kpc distant, behind the 
Sagittarius—Carina spiral arm. The absolute magnitude is then 
My, <-5.4, and the bolometric luminosity Laž 
2x 10°*8 erg s~'. If we equate Leoi = 7RiaT”’, we obtain effective 
temperatures of 1.5 to 3x 10*K, consistent with B spectral 
type'”, for the above range of primary star sizes. 

From Fig. 2 the allowed range of values of the neutron star 
mass can be determined for any given primary star mass. For a 
BO supergiant, we would expect M,~35 Mo (ref. 22). This 
would imply M,/M,<5*x 10, or M,<0.18 Ms. However, 
stars in close binary systems are typically less massive than 
indicated by the spectral type'*'*”’, and we could clearly have 
M, = 25, and any M, < 10. Crampton et al.” have reported an 
optical velocity of 33+7kms~'. This formally gives 0.08 <q © 
0.13. From the X-ray mass function and eclipse duration as 
expressed in Fig.. 2, we can derive corresponding limits of 
1.2<M,<3.3. If the optical velocity were precisely 33 kms™', 
uncertainty in the X-ray mass function would allow 1.5<M,< 
2.7 Mo. 

Determination of the masses of large numbers of neutron 
stars is of the utmost importance to discriminate among the 
upper limits to the mass allowed by various models of nuclear 
structure in the framework of general relativity. For the system 
4U1538—52 we still need proof that the compact object is 
indeed a neutron star, for example, by observation of changes in 
the pulse period which may be attributed to accretion torques. 
Further optical study of star 12 is clearly needed to confirm the 
optical observation of the 3.73-d period, and to measure the 
optical mass function and ellipsoidal light variations as 
accurately as possible. 
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Io may have a bright dawn terminator 


NELSON AND HAPKE’ have shown that occasional obser- 
vations of post eclipse brightenings (PEB) of the planet Jupiter’s 
satellite Io are very strongly positively correlated with the 
occurrence of major solar flares within 10° of the solar central 
meridian (as seen from Jupiter) during the 100 days before the 
eclipse observation. No eclipses which showed no brightening 
were preceded by such flares. Jo is in the outer part of the jovian 
radiation belts. Energetic particle fluxes in the Earth’s radiation 
belts at a roughly corresponding location are enhanced for 
roughly similar times (the 100 days in ref. 1) following the major 
geomagnetic storms caused by major flares near central meri- 
dian?*. The 100-day time scale is also in reasonable agreement 
with diffusion times in recent models of the jovian magneto- 
sphere‘. Considering all this, Nelson and Hapke inferred from 
their flare correlation that the occurrence of a noticeable PEB 
effect is due to enhanced fluxes of trapped energetic particles. 
They suggested that there may be a process similar to ther- 
moluminescence, which converts some fraction of the particle 
dose received during the eclipse, into visible light which is 
emitted when the surface is again sunlit, and decays with the 
characteristic PEB time scale of ~10 min. Although Fanale er 
al.** had already suggested that solid state effects in the 
presence of irradiation by energetic particles might play a part in 
the PEB phenomenon, the particular correlation with solar 
flares that Nelson and Hapke found points at once to an ener- 
getic particle effect because that is what would be expected to be 
enhanced by such flares, and at the same time apparently 
explains the erratic occurrence of PEB on Io and its absence on 
more distant satellites (because they see much lower fluxes of 
trapped particles, enhanced or not). In any case, Nelson and 
Hapke have made a novel yet plausible suggestion which can be 
tested by laboratory simulation experiments of the solid state 
process, by more eclipse observations from Earth, and by 
observations of jovian trapped particles by future flyby and 
orbiter spacecrafts, and their relation to solar flares. This note 
suggests another particular test of the thermoluminescence 
properties of Io which can be made with the unique optical 
observations which are programmed for the close Voyager I Io 
flyby in March 1979, and which does not necessarily require a 
previous suitable flare, as the PEB phenomenon seems to do. 

If Io’s surface is thermoluminous with the characteristic PEB 
time scale of ~ 10 min, chere should be a characteristic bright 
rim on the sunlit side of Io’s dawn terminator. This is essentially 
because each point on the surface has been ‘eclipsed’ by Io itself 
during the night, which is 10 times longer than eclipse, and 
should accumulate particle dose during the night just as the 
whole surface would do when eclipsed by the planet. At dawn, it 
must release all this dose as light on the 10-min time scale. If the 
time constant in the dark is fairly long compared to the 21-h Io 


Fig. 1 Possible light curve of ‘thermoluminescent’ light from Jo 
with parameters given in the text. If the thermolummescent emis- 
sion rate is proportional to the solar illumination, the bright dawn 
terminator effect is moved to the right and its intensity reduced. 
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night, the dawn terminator will be 10 times brighter per unit 
particle flux than the PEB effect. 

To illustrate this, consider a model in which D = stored dose, 
ergcm?; K =light emission rate per stored dose = K,~ 
0.1 min™ in sunlight = Kp (« K,) in the dark; e = efficiency of 
the process; F=particle dose rate, ergcom™’sec*; L= 
luminosity = KD; t, = duration of eclipse. Then, both in sunlight 
and in the dark, 


dD 

—~=1 KD + eF 1 

de (1) 
After a few times 10 min in sunlight, the luminosity reaches its 
equilibrium value L =eF. During eclipse or during the night, 
taking f= 0 at immersion 


L=(Kp/K,)eF exp(-Kpt)— eF (1 —exp(—Kp?)) (2) 


After eclipse, or at dawn (now taking ¢ as the local Io time since 
the Sun re-appeared), 


L=(K,/Kp—1\1—exp(~Kpt.)eF exp(-Kit)ht+eF (3) 


the spatial shape of the bright dawr terminator in this model is 
given by replacing f in equation (3) by P/Q, where ® is longitude 
from the Io dawn terminator, and (lis the rotation rate 2I1/1.79 
days. If Kpt,« 1, the luminosity immediately after eclipse or 
dawn, is 


Ly~(1+Ky.eF (4) 


This is about 15 eF for jovian eclipses and about 130 eF for the 
bright dawn terminator effect. The light curve predicted by 
equations (2) and (3) with Kpt,< 0.1 is shown in Fig. 1. 

There are two areas where the ides of bright dawn terminator 
suggested here is related to the Nelson—Hapke model of PEB. 
(1) The size and shape of the br-ght region near the dawn 
terminator depends in detail on the parameters in equation (3). 
If one supposes that thermoluminetcence occurs on Io without 
specifying the rate constants, a dist_nct small bright area is not 
generally predicted. It occurs in ou- model because we use the 
PEB decay rate of 0.1 min™' for K,. (2) The actual luminosity of 
the bright area near the terminator is predicted by equation (4) 
to be 130/15 times the brightness of PEB at the same particle 
dose rate. Turning this around, one concludes that if it is fairly 
sure that the dose rate enhancements induced at Io by solar 
flares are not much more than a fector of 130/15, the bright 
dawn terminator should be at least as bright as the PEB. 

The important point about tke predicted bright dawn 
terminator is that it would provide am opportunity to observe the 
colour and temperature dependence of the suggested Jo ther- 
moluminescence whenever the flyby spacecraft arrive, since it 
does not require an eclipse and may not require enhanced 
particle fluxes. 

The bright dawn terminator should extend about 10 min of 
the Io day from the geometrical terminator in our model. This is 
only (10 min/42 h) x 360° = 1.4° of Io longitude into the sunlit 
side. It is not surprising this has never been observed from Earth, 
as it is small and highly foreshorten=d. 

On 5 March 1979, Voyager I wid observe Io optically from 
altitudes of 22,000 to 65,000 km, including large areas around 
both the dawn and dusk terminators within about 60° of Io's 
south pole, in six spectral regions defined by colour filters from 
violet to yellow (E. C. Stone, pereonal communication). The 
spatial resolution of these pictures should be adequate to reveal 
the bright dawn terminator effect if r- exists and is bright enough. 

The shape of the predicted bright area near Io’s dawn 
terminator is actually determined br how K, (see, for example, 
ref. 1) really changes locally as the Sun rises. Thus, the shape of 
the bright regions can be used to dezermine the variation of Kı 
end will be an important constraint on the thermoluminescence 
model. The eclipse light-curves are not sensitive to this effect. 
For example, if K, varies after dawn like K, sin Or where 11 is 
the rotation frequency of Io and ¢ the time since dawn, the 
brightness of the terminator is reduced to about eF (Kt.)! and 
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the position of maximum intensity is pushed away from the 
geometrical terminator, to about (4K .t.)'” radians, or 9° of 
longitude into the dayside of the terminator. Thus it is quite 
important that we have adequate resolution in Io longitude to 
determine the position of the maximum brightness, and other 
details of the spatial dependence of this effect, so that the 
intensity of the effect may be properly interpreted. Particle flux 
levels measured at the same time will determine e. The colour of 
the excess light should help to define the ‘thermoluminescent’ 
system. Comparison of the planned observations of the 
terminator 1 h apart (E. C. Stone, personal communication) will 
determine some spatial variations in ¢ and possibly other aspects 
of this process which might well occur dùie to uneven bombard- 
ment of lo by the corotating energetic particle fluxes in the 
jovian magnetosphere. 

I thank John Caldwell and Ian Axford for discussions. This 
work was supported in part by NASA grant NGR-33-015-180. 
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Millisecond 
microwave spikes ‘in a solar flare 


THE shortest-lived structures in microwave solar flares known 
until now last ~1 s. Recently (11 April 1978) we obeerved a 
microwave outburst at 2.65 GHz (starting at 13.41 UT) showing 
a strong and extremely fast fluctuating burst component. Many 
spikes appeared to have half-power durations smaller than the 
20-ms resolution of the instrument used. These are about two 
orders of magnitude shorter-lived than events reported from 
previous microwave observations. They are only rivalled by fine 
structure in some decimetric type IV bursts between 0.4 and 
1.4 GHz (ref. 1). 

The occurrence of microwave flares with millisecond fine 
structure is probably not very rare as we observed a second 
example on 28 April 1978 around 13.50 UT. Our resolution at 
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Fig- 2 Fhx density of both left (LCP) and right (RCP) circularty 

polarised components of the most variable part of the event. The - 

fine structure is not resolved. The indicated fragment (*) of about 

2s is expanded in Fig. 3. Note that this is not one of the most 
intense peaks but rather a typical one. 


that time was limited to 100 ms, which turned out to be 
insufficient. The importance of this last flare in H, was rather 
high, 4B, but that of the flare at 11 April had the more common 
rating 2B. 

Our observations were made witha double sideband receiver 
sensitive to two bands of 12 MHz separated by 60 MHz. The 
receiver measures both left and right circularly polarised radia- 
tion (LCP and RCP), with an effective time constant of 10 ms: 
The outputs are recorded on stripchart recorders, allowing a 
maximum resolution of 100 ms, and, for full resolution, on 
magnetic tape with a sampling interval of 10 ms. 

The microwave flare consisted of a large number of successive 
bursts (see Fig. 1). Some of these showed millisecond structure. 
The general behaviour on 2,650 MHz (Dwingeloo) corresponds 
very well with that on 2,800 MHz (Ottawa), but a sharp. high 
frequency cut off is quite clear during the whole event. For the 
smooth component we found a fall of 3-5dB over only 
150 MHz. The fluctuating component is leas casy to compare as 
the Ottawa time constant is much larger than the duration of the 
spikes. Comparison of this component after averaging over 0.5 s 
in both yields a fall of 5-7 dB. The three major bursts 
(14.05, 14.20 and 14.40 UT showed at 2,650 MHz a weakly L 


Fig. 1 Reconstruction for H, flare, 2B, N19W54, of the total 
power recording of 2,650 MHx flux observed at Dwingeloo (2) 
compared with that of 2,800 MHz flux obeerved at A-R.O. (1) - 
(courtesy M. B. Bell at A.R.O., Ottawa). Data reconstructed from 
a logarithmic channel. The period of strong variability coincides for 
both frequencies. This period is shown expanded in Fig. 2. 
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polarised continuum, the first one without any spikes, the second 
one with a very large number of 100% L.C.P. spikes and the last 
one with sporadic, hardly (if at all) polarised, spikes (one might 
consider the weakly polarised continuum to be composed of 
spatially different L and R sources, but then these would have to 
show quite precisely the same temporal development; besides 
the occurrence of weakly polarised spikes sustains the concept of 
a weakly polarised source). 

The spikes around 14.21 UT were analysed in detail. All were 
100% L.C.P. Flux densities of up to 6 x 10°'? Wm™?* Hz™! were 
observed for the spikes for nearly all durations (Fig. 3). The 
occurrence of these spikes starts along with the rise of the 
continuum, but ends rather abruptly (Fig. 2) long before the 
continuum died out. 

The half-power durations of the spikes were almost all (95% ) 
below 40 ms, while the abundance increased with decreasing 
duration (Fig. 4). This implies that many spikes were not 
resolved. The intervals between successive spikes were also 
rather short: 72% were below 50 ms and again their abundance 
was larger the shorter their value. There were no conspicuous 
periodicities but too many values were rather close to the 
sampling interval. 

An important consequence is that the particle acceleration 
mechanism must be effective on the time scale of milliseconds, 
which is 2 or 3 orders of magnitude shorter than hitherto 
envisaged in most models’. However, recently a pulsed 
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Fig. 3 Full resolution recording of a typical fragment of the fine 
structure. The intervals between measured flux values are 10 ms. 
Date, 11 April 1978. 


acceleration process has been proposed* where the time scales 
of the acceleration is the local collision time. Indeed the collision 
damping rate for plausible source conditions (kinetic tempera- 
ture 10’ K, particle density 10’’ cm™°) is a few milliseconds. 
Hence we assume the spike durations to be determined by the 
excitation periods. We can now estimate the source dimensions 
by assuming a spatial growth rate between the Alfvén speed and 
c. A plausible Alfvén speed would be ~3,000kms! (field 
strength ~300 G). A spike lasting 10 ms would then have a 
source width between 30 and 3,000 km. As an m.h.d. instability 
is the most likely generating process’”, dimensions of the order 
of tens of kilometres are a realistic estimate. Such values are 
considerably shorter than observed for microwave sources 
(~8,000 km) and H, kernels (3,000-6,000 km), but have been 
hinted at in theoretical models*”. 

The flux densities of the spikes, together with the source size 
estimates given above, lead to a lower limit of the brightness 
temperatures of ~10'°K. Obviously a coherent radiation 
mechanism is necessary to account for such values. It is interes- 
ting to note that the completely polarised spikes can be 
explained as plasma radiation at the fundamental frequency, 
arising from induced scattering of Langmuir waves present in 
the pulsed acceleration model’, while the continuum burst can 
be explained as weakly polarised self-absorbed gyro-synch- 
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Fig. 4 Peak flux values of spikes plotted against their half-power 

durations. Curves of constant brightness temperature are drawn 

taking the Alfvén speed times the duration as typical dimension of 

the spike sources. Durations below 10 ms are cut off by the time 
constant of the receiver. 


rotron radiation from the heated and accelerated particles all 
over the flare region. Observation of microwave spikes should 
provide direct evidence of the elementary flare processes. 

This work was financed by the Netherlands Organization for 
the Advancement of Pure Research. 
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First mass analysis of 
stratospheric negative ions 


ATMOSPHERIC negative ions have been identified previously 
by in situ mass spectrometric measurements only at altitudes 
above ~ 70 km, which was the operational height limit of the 
rocket-borne instruments usedi”. These measurements 
revealed the presence of atomic, molecular and cluster rons 
mostly having masses between 35 and 152 AMU. Here we report 
preliminary results of the first mass spectrometric measurements 
of stratospheric negative ions. Only observed mass numbers will 
be presented. A detailed analysis of the ion abundances, will be 
published elsewhere. 
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Three flights of a balloon-borne mass spectrometer probe 
were conducted during daytime over southwestern France 
(flight 1: 2 September 1977; flight 2: 26 September 1977; flight 
3: 10 November 1977). Peak altitudes of 33.5, 35, and 37 km 
were reached. The instrument, developed and built at the 
Max-Planck-Institut für Kernphysik, has been previously 
described along with the circumstances of the flight measure- 
ments and the preliminary positive ion composition data 
obtained simultaneously? and will not be reported here. Note, 
however, that the mass resolution setting of the instrument was 
lower for negative ions (~ 22) than for positive ions (~ 50) in 
favour of an increased transmission of the mass filter. Thereby a 
signal-to-noise ratio for negative ions comparable to that for 
positive ions should be achieved considering the higher dark 
count rate of the ion detection system in the negative ion 
measurement associated with the higher voltage applied to the 
channeltron. 

Most negative ion data were obtained at the peak altitudes 
and only these will be reported here. As far as the major masses 
are concerned, the data obtained in the different flights agree 
with each other. The uncertainty of the mass identification up to 
+ 3 AMU is due to the limited definition of the flanks of the mass 
peaks. Laboratory and in-flight-calibrations of the mass scale 
were performed’. The width of a mass peak is typically about 
15 AMU which implies that small mass peaks may easily become 
covered by large ones and thus may not be detectable. 

The major ion masses (fractional abundance > 1%) given in 
Table 1 cover the range from 125 to 295 AMU. When compared 
to the masses of the major positive ions observed in the same 
flights ranging from 55 to 140+2 AMU (ref. 3), they are larger 
and are also greater than the negative ion masses observed 
above 70 km which were mentioned before. 





Table 1 Mass numbers and tentative identifications of major negative 
ions observed at 33-37 km altitude 





Mass Tentative identification 
12542 NO;HNQ; 
161+2 R HNO, 

NO; HNO,HCI 
i88 +2 NO; (HNQO;h 
197+3 R -HR 
22443 R (HNO;h 

NO, (HNO,bh HCI 
25323 NO; (HNQ3); 
260 +3 R HR HNO; 
289 +3 R (HNO;} 

NO; (HNO;)3HCI 
295 +3 R (HR) 





For identification of R see text. 


An identification of the chemical nature of the observed 
negative ions is difficult at present mainly because of the limited 
mass accuracy, the lack of rate constants of relevant ion mole- 
cule reactions and the poor knowledge of stratospheric trace 
gases. Nevertheless, some general conclusions concerning the 
nature of the observed ions may be drawn. 

The high mass numbers probably indicate cluster ions consis- 
ting of a core ion and attached ligand molecules. An upper mass 
limit of the least massive core ion is defined by the smallest 
major ion mass (125) observed. This is consistent with a core ion 
NO; (62 AMU) being considered as the favoured core ion of 
stratospheric negative cluster ions because of the large electron 
affinity of NO; (ref. 4). If the core ion is actually NO3, mass 125 
may be identified as NO3HNO;. The average mass of the 
building blocks of the cluster ions (core ion and ligand mole- 
cules) may be estimated by considering the following argument: 
the association order (number of ligand molecules attached to 
the core ion) of the negative cluster ions should be less than that 
of the H,0*(H,0), ions measured simultaneously. This has to 
be expected as the atmospheric concentration of the ligand 
molecules is probably lower than that of water and since the 
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bond energies of negative cluster ions inferred from laboratory 
measurements is generally lower than that of the H;0°(H,O), 
ions of the same association order (see ref. 5). A lower limit for 
the mass of-the building blocks of about 74+3 AMU may be 
estimated by considering a maximum association order of 3, the 
same as that of the observed H,;0°(H,0O),, ions and a maximum 
mass of the observed major negative ions of 295+3 AMU. A 
large average mass of the ligand molecules is also inferred from 
the large mass difference of adjacent mass peaks. This rules out 
an identification of the observed negative ions as hydrates which 
were previously considered to dominate in the stratosphere’. 

Our conclusion is supported by laboratory measurements of 
gas phase hydration equilibria of negative ions (see refs 7, 8; 
Fehsenfeld, personal communication; ref. 8) infering that nega- 
tive hydrates should contain only one or two water molecules at 
water vapour pressures and temperatures prevailing at 34- 
37 km altitude. Most likely, the ligand molecules are stratos- 
pheric trace gases which are much less abundant and which are 
stronger bound to negative ions than water. 

The ligand molecules should have large gas phase acidities as 
laboratory studies indicate that the bond energy of a molecule to 
a negative ion increases with the gas phase acidity of the 
molecules’. Favoured candidates therefore seem to be, HI, 
HNO;, HBr, HCl, and H,SO,. Cluster ions of the type 
NO;3(HNO;3),, which were previously proposed to exist in the 
stratosphere* would be consistent with the observed masses 
125+2 (NO; HNO), 188+2 (NO;(HNO;)) and 252+3 
(NO;(HNOQ;3);). The observed masses 161+3, 19723, 
224+3, 26043, 289+3 and 295+3 seem to fit a pattern 
R°(HR),,(HNO;), with HR having a mass of 98+ 2 AMU and 
with m +n = 3 (Table 1). A tentative candidate for HR seems to 
be H.SO,. Another possibility might be HClO, but this is 
unlikely to be sufficiently abundant in the upper stratosphere. 

The identification of the observed ions deserves further 
investigation involving the determination of relative ion abun- 
dances, in situ measurements with higher mass resolution and 
laboratory studies of relevant ion reactions. Such measurements 
should also provide a base for an analytical application of 
stratospheric ion composition measurements in terms of a 
determination of the concentrations of certain neutral trace 
gases involved in stratospheric ion molecule reactions. If the 
observed ions would actually contain HNO;, H,SO, and HCI, it 
should be possible to derive the concentrations of these gases 
from the ion composition. Thus, ion composition measurements 
may become a powerful analytical tool, which allows the detec- 
tion of very small gas concentrations**”"”. 

We thank D. Ehhalt, R. Borchers, P. Fabian, D. Michelcic, M. 
Helten and the technical staffs of the Max-Planck-Institut fur 
Aeronomie, the Kernforschungsanlage Jülich, and the Centre 
Nationale d’Etudes Spatiales, in particular J. Hirtzmann for 
their support, and the technical staffs of the Max-Planck-Institut 
für Kernphysik, in particular, to H. W. Thron, D. Dörflinger, H. 
Sauer and H. Eller for their enthusiasm. 
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Effect of the reaction 
HO,+ 0, > OH+20, 
on stratospheric ozone 


THE recent measurements’ of large values (8.1+1.5 and 
8.2+2.7x 1077 cm’ 8") of the rate coefficient for the reaction 


NO+HO, > NO.+OH (1) 


have led to some important revisions in our understanding of 
stratospheric photochemistry*. In particular, the predicted 
ozone perturbations due to the injection of nitrogen oxides by 
supersonic rt aircraft have become net ozone gains 
instead of losses”, while the predicted ozone depletion due to 
ozone-active chlorine from chlorofluoromethanes has almost 
doubled*. An unfavourable result of the adoption of the larger 
value of the rate coefficient for reaction (1) has been the 
prediction of excessive amounts of stratospheric ozone (10- 
20% more than the measured concentrations) both in terms of 
the total column abundance and the concentration profile at 
altitudes below 40 km. Attempts to remedy this discrepancy 
between theory and observation by altering the simulated lower 
stratosphere transport and by increasing the assumed amount of 
ozone-active chlorine were not successful. It is the purpose of 
this letter, however, to show that another recent measurement 
by Zahniser and Howard® of the rate coefficient, kı, for the 
reaction 


HO, +0, > OH+20, (2) 


largely resolves these problems of excessive stratospheric ozone 
in models. Zahniser and Howard have reported the first direct 
measurement of the reaction between HO, and ozone (reaction 
2). Their temperature-dependent rate coefficient is 


k,=(1.4+0.4)x 107 exp [—-(580+ 100)/T] cm’ s~! 


which at stratospheric temperatures is 4 to 5 times larger than 
the value recommended in the report of the NASA 
Chlorofiluoromethane (CFM) Workshop*, that is, 7.3x 
107* exp (—1,275/T) cm’ s. 

Before the work of Zahniser and Howard® the only 
measurements of the rate coefficient for reaction (2) were the 
indirect competitive ones of Simonaitis and Heicklen’ and 
DeMore and Tschuikow-Roux*®, who measured the ratio R = 
k2/(ks)'? where k, is the rate coefficient for the reaction 


HO,+HO, > H,0,+0, (3) 


The measured ratios are presented in Table 1. To estimate the 
rate for reaction (2) from these ratios, one must have informa- 
tion about the value of k;. For example, the NASA CFM 
Workshop report* recommended a temperature independent 
value for ks of 2.5 x 107"? cm’ s”’ with an estimated uncertainty 
of a factor of 2 for reaction (3). This rate constant was based on 
the simultaneous consideration of the best available rate data for 
several related hydrogen radical reactions*. Cox, however, has 
since reported a large negative activation energy for reaction 
(3); his measured rate constant is (1.4+0.7)x10°"% 
exp [(1,650+ 205)/7] cm’ 8’. Based on the newest data collec- 
ted for reaction (3) and the R values of Simonaitis and Heicklen’ 
and DeMore and Tschuikow-Roux*, we can infer a much less 
marked temperature dependence for reaction (2) than was 
recommended in the CFM Workshop report*. Moreover, 
Hamilton et ai.*° have found that the HO, radical involved in 
reaction (3) can readily cluster with water molecules—substan- 
tially accelerating the apparent rate of the reaction. Therefore 
the laboratory results obtained for R are expected to be 
complicated by HO, cluster reactions. Table 1 combines the 
kinetic data uncertainties for reaction (3) to estimate the 220 K 
(stratospheric) rate coefficients corresponding to each of the sets 
of available laboratory data. Note that the range of values of ka 
in Table 1 based on the measurements of Zahniser and Howard® 
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Table 1 Stratospheric HO- +O, reaction rate coefficient (am? 8’) 





Data ka (220 K) kı (220 K) 
source R=ky/(ky)” upper limit lower limit 
Ret. 6 eee 2.0x107% 4.5x107% 
Ref. 4 =e 4.4x107* 1.1x107%° 
Ref. 7 1.2x10~* exp (-1,000/T) 2.8x107'* 1.4x107°% 


13x107 + 2.8x1077% 
Ref.8 1.11077 exp [-(1,550+250)/T] 6.7x 1071% 3.4x 10717 
2.9x1074+ 6.9x107)7+ 





* Based on the CFM Workshop’ recommended value for the rate 
coefficient for the reaction HO,+HO, of 2.5107"? cm? s~’ + factor 
of 2. 

+ Based on Cors’ rate coefficient for the reaction HO,+HO, of 


(1 4+0.7)x 107* exp [(1,650+205)/T] cm’ s™. 


roughly coincides with the range of values deduced from the 
ratio measurements when Cox’s effective rate for reaction (3) is 
adopted. In this sense, the previous measurements support the 
new, larger value for the rate coefficient k3. 

We use a two-dimensional model of stratospheric trace 
constituents for our calculations’’'?. The model lies in a meri- 
dional plane extending from 80° N to 80° S latitude and from the 
Earth’s surface to 60 km altitude. It computes the concen- 
trations of 35 constituents and simulates meridional and vertical 
transport by seasonally variable large scale bulk motion and 
eddies. Except for reaction (2), the chemical rate coefficients 
employed are those recommended in the NASA CFM Work- 
shop report*. 

Figure 1 compares the measured latitude-dependent total 
ozone column densities in summer (a) and in autumn (b) in the 
Northern Hemisphere’? with the corresponding computed 
densities for both the old‘ and new’ rate coefficients for reaction 
(2). Figure 2 shows two of the corresponding vertical concen- 
tration profiles of ozone at 0° and 45° N latitude in autumn for 
these two rate coefficient values of reaction (2). Note that the 
agreement between theory and measurement has improved 
more at high latitudes than at low latitudes. This latitude 


Fig. 1 Total vertical column densities for a, summer and b, 
autumn in the Northern Hemisphere. The solid lines correspond to 
the CFM Workshop“ recommended value of the rate coefficient for 
the reaction of HO, with Os. The broken lines correspond to the 
rate coefficient reported by Zahniser and Howard®. The squares 
fe ee een eee ae: Gee omer Meare 
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Fig. 2 Computed and measured ozone concentration profiles at 
latitudes of a, 0° and 6, 40° N for autumn in the Northern Hemis- 
phere. The squares represent the mean seasonal measured values 
collated by Wilcox et ai.'?. The Goddard data (circles) (1. Eber- 
stein, personal communication) were obtained from satellite 
measurements of backscattered solar ultraviolet radiation'*. The 
solid lines correspond to the CFM Workshop* recommended value 
of the rate coefficient of the reaction of HO, with O, and the 
broken lines to the value reported by Zahniser and Howard®. 


difference occurs because reaction (2) represents a larger frac- 
tion of the total ozone loss rate at the higher latitudes. 

Reaction (2) represents the dominant catalytic loss process for 
ozone below 30 km. The dominance of this reaction over NO, 
catalytic reactions results mainly from the new reaction rate 
coefficient for reaction (1). Poppoff et al.° discuss the details of 
the coupled HO,—NO, photochemical cycles in the stratosphere 
for updated chemistry. They also give a sensitivity analysis (of 
total ozone to the injection of NO, by supersonic transport 
aircraft) which is relevant to a study of the effects caused by 
changes in the HO, + O; reaction rate constant. Basically, since 
HO, chemistry exerts strong control over the ozone abundance 
in the lower stratosphere, increasing the strength of the HO, 
catalytic cycle [by increasing the rate constant for reaction (2)] 
tends to decrease the stratospheric ozone content. 

Thus, we have found that the problem presented by the model 
predictions of excessive ozone abundances, which occurs when 
the recently measured value of the rate coefficient for reaction 
(1) is used, diminished significantly when the newly measured 
value of the rate coefficient for reaction (2) reported by Zahniser 
and Howard® was used. 
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Effect of pressure on 
the Raman spectrum of ice 


THE decrease in the volume of ice on compression or cooling is 
thought to be due to a decrease in the O-O distances, because 
the O-O-O and O-H --- O angles do not change. The decrease in 
the IR or Raman frequency of the in-phase O-H stretching 
vibrations, vı, of ice is thus related to the consequent shortening 
of the hydrogen bond. It follows that v, should remain constant 
at a constant volume, if anharmonic effects and the bending of 
O-H -O angles are insignificant. We report here the effect of 
pressure on the Raman spectral region of O-H stretching in 
hexagonal ice and discuss it in terms of explicit temperature and 
volume effects. 

A cylindrical steel vessel with three 1-cm thick sapphire 
windows was used as the high pressure optical cell. The 5-mm 
diameter, 20-mm long sample of polycrystalline ice was moun- 
ted on the inside of one sapphire window with the cylindrical axis 
along the direction of the laser beam of power level 700- 
800 mW of the 4,880-A excitation line. The optical cell was 
filled with Dow-Corning silicone oil, which acted as the pres- 
sure-transmitting fluid. The scattered light was collected at 90° 
to the laser beam and its intensity was measured with a cali- 
brated Jarrel-Ash model 25-400 laser Raman spectrometer 
using a spectral slit width of 7-8 cm™. 

Typical Raman spectra in the O-H stretching region (2,800- 
3,600 cm7') are given in Fig. 1. The features of the spectrum at 
high temperatures are relatively broad, because of the increase 
in the distribution of energy states, but they are essentially 
similar to those in the spectra measured below 100 K in our own 
study, or in the literature’. In Fig. 1, the spectral features of ice 
remain unaffected by the presence of silicone oil, but two 
additional peaks appear at about 2,904 and 2,966 cm’ due to 
the C-H stretching mode in silicone. Application of pressure to 
ice at 258+ 0.3 K decreases the frequency of the O-H stretching 
peak from 3,145 cm™' at 1 bar to 3,127 cm™ at 1.25 kbar. 

A plot of v, against pressure P at 255.2+0.3 K is shown in 
Fig. 2. The (av,/8P)r = —13.7 cm™ kbar™', a value which shows 
little systematic dependence on temperature in the region 269 > 
T > 253K. A plot of v, against temperature at 1 bar is also 
shown in Fig. 2. The (év,/8T)p = 0.63 cm™' K”. 

The effect of temperature on v, at constant pressure may be 
divided into the constant-volume temperature effect, (dv,/aT )y, 
and the constant-temperature volume effect, (év,/dV)r by the 
equation 


(övı/aT)p = (04, /dT )y + (8r,/0V)r (OV/8T) (1) 
(av,/9V)r(AV/dT) = ~(a/B (0, /0P )r (2) 


where a is the volume expansivity and 8 the compressibility. At 
255 K, a = 155 MK"! (ref. 3) and B = 12+1 Mbar™' (ref. 4). 
From Fig. 2, (@v,/aP)7 = —13.7 cm™' kbar™’, and (av;/dT)p = 
0.63 cm”! K~'. Substituting in equations 1 and 2, one obtains 
(dv7/8T)y =0.45 cm K`. Thus the change in the O-H 
stretching frequency of ice with temperature near 255 K is about 
30% due to the change in volume with temperature and 
about 70% due to the change in temperature alone. Thus 
the Griineisen constant for the O-H stretching vibrations, 
y= ~(81nv,/dinV), calculated from the above values is ~0.36 
at 255 K. 

From the compressibility of ice*, the change in O-O distance 
with pressure, (3R o-0/3P}r = ~9 A Mbar™* at 255 K, where 
Roo is the O-O distance. From the R o-o data’ adjusted to the 
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Fig. 1 Raman spectrum of hexagonal ice at 258+0.2 K in the 
O-H stretching region. a, Ice held in air; b, immersed in silicone oil 
at 1 bar; and c, immersed in silicone oil at 1.25 kbar. Arrows point 
to the frequencies of the C-H stretching in silicone. Note also the 
slight increase in the C-H stretching frequencies with pressure. 


density calculated from crystallographically determined expan- 
sivity? of ice, the change in Roo with temperature, 
(8Ro.o/8T)p = 116 Å MK at 255K and 1 bar. Combining 
them with the values of the slope of the plots in Fig. 2, one 
obtains (87,/ARo-o)p = 5,430 cm™ AX’ and (ôr:/3Ro-o)r = 
1,520 cm™' ' So, for the same amount of decrease in O-O 
distance, isobaric cooling decreases v; 3.5 times more than does 
isothermal compression near 255 K. 

The increase in v, with temperature at a constant volume (or 
constant Ro.o) is of principal interest. The relatively high 


Fig.2 The frequency of the in-phase O-H stretching vibration, of 

hexagonal ice plotted against temperature at 1 bar at the top and 

against pressure at 255+ 0.3 K at the bottom. Filled triangle is from 
an isotropic spectrum from ref. 12. 
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positive value of (4v,/dT), indicates either or all of the follow- 
ing three: (1) the lengthening of the hydrogen bond with 
increasing temperature; (2) an unusual effect due to the anhar- 
monicity of the potential energy of O-H stretching; (3) the 
weakening of the intermolecular coupling of O-H stretching 
motions, when the O-O distance remains constant. The leng- 
thening of the hydrogen bond can occur either by the bending of 
O-H---O angles or (but less likely} by a shortening of O-H 
distance if the O-H---O bond were to remain linear. The force 
constant for the O-H---O bending in ice is small® and the IR 
frequencies of librational modes indicate that the energy 
required to bend the O-H---O angle becomes smaller as the 
temperature increases. If lengthening of the hydrogen bond 
occurs, the energy required to break the hydrogen. bond would 
decrease and the activation energy of dielectric relaxation at a 
constant volume should therefore decrease with increasing 
temperature. The following consideration shows that it is so. 
The activation energy at constant volume, EY, and constant 
pressure, EF are related by 


E% = Ei +(a/B)TAV* 63) 


where â V* is the volume of activation. Differentiating equation 
(3) with respect to temperature: 


(GE*/dT)p = (GE*/8T)y + (a/B)AV* +(TAV*/B6a/aT) 


For ice near 255K, AV*=3 ml mol” ' (ref. 7), 
7.39107’ K (ref. 8). and (GE*/aT)p is zero’. 
(9E*/8T)y = -9J mol K™ 

The simplest consideration of anaarmonicity leads one to a 
negative value of (év,/d7T)y, for anharmonicity generally 
reduces the force constant and consequently the frequency of a 
vibrational mode, when a system iB excited to higher energy 
levels by raising the temperature at a constant volume. It is 
conceivable that terms higher than the cubic predominate in the 
potential energy of O-H stretching and thus anharmonicity may 
play a greater role in determining the temperature dependence 
of v,. The intermolecular coupling of O-H vibrations at a 
constant volume is affected by both the lengthening of the 
hydrogen bond and the anharmonicity of the potential energy. 
Its magnitude is difficult to assess without the ROM IEGHE of the 
other two effects. 

The above results are significant because it 1s widely believed 
that the vibrational frequencies depend largely on the volume 
and because the results may be helpful in a detailed analysis of 
the vibrational spectrum of both the crystalline ®t? and vitreous 
ices? from the point of view of solid state spectroscopy. They are 
of further value, because the corresponding measurement of the 
IR spectra of hexagonal ice is difficult. 


(8a/8T), = 
Therefore, 
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Collection of atomic mercury 
by electrostatic precipitators 


ELECTROSTATIC precipitators are widely used to remove dust 
particles from gases and the mechanism of this is well under- 
stood. One major application is in the cleaning of a sulphur 
dioxide produced in smelting of metalliferous sulphide ores 
before its conversion to sulphuric acid and the precipitated 
material is often found to contain mercury. We have shown that 
the concentration of mercury is below the saturation level and 
therefore present as atoms so the accepted mechanism for solid 
particle collection is not involved in mercury removal. We have 
investigated the phenomenon in the laboratory using air as the 
carrier gas at room temperature, and by large scale tests carried 
out in an 800 tonne d™’ sulphuric acid plant treating the gases 
formed by roasting zinc sulphide concentrate. In both types of 
test a discharge wire and earthed collector tube precipitator 
configuration was used. In the plant tests the roaster gas 
contained 9% sulphur dioxide and was saturated with water. In 
both the laboratory and plant tests the gas streams were 
unsaturated with respect to elemental mercury vapour. 

Flameless atomic absorption spectroscopy was used to 
measure the difference in the mercury concentration of gas 
entering and leaving a precipitator. This technique is specific for 
the detection of discrete gaseous atoms, which suggests that 
gaseous atomic mercury, and not particles containing mercury, 
is removed by electrostatic precipitators. 

In our tests, mercury was only collected during or after 
generation of a corona discharge (Fig. 1). When nitrogen was 
used as a carrier gas, mercury was not collected because nitrogen 
will not sustain a corona discharge’. 

We postulate that in the corona discharge, high energy ions 
bombard the electrode surfaces and disrupt a passivating layer, 
such as an oxide, hence producing a more reactive surface. 
When mercury atoms diffuse to the electrode surface they are 
adsorbed on the active sites. 

Mercury was collected by both electrodes, irrespective of 
discharge wire polarity, and by a variety of electrode materials 
including lead, copper, tin, aluminium and stainless steel. 

Following voltage application, mercury collection efficiency 
increased gradually to a steady-state value which was indepen- 
dent of the electrode material. The time taken to achieve the 
steady-state condition with respect to the mercury collection 
varied with electrode material (Fig. 1), reflecting the time 
required to clean electrode surfaces of different chemical 
composition. The extent of cleaning, and hence the steady-state 
mercury collection efficiency, depended on the voltage. Mercury 


Fig. 1 Time dependence of elemental mercury collection in an 

electrostatic precipitator. a, Voltage on 880 kV m` 1. b, voltage off, 

air velocity, 0.084 ms’. x, Copper tube; O, aluminium tube both 
35 mm diameter. 
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Fig.2 Variation of mercury collection efficiency with precipitator 

specific collecting area at constant electrical field strength. x, Tube 

radius 8 mm, electrical field strength 800 kV m` +; ©, tube radius 
23 mm, electrical field strength 520 kV m™'. 


collection continued after the voltage had been switched off (Fig. 
1) the efficiency of collection decreasing continuously to zero as 
the electrode surfaces passivated. The rate at which the 
efficiency of mercury collection decreased was substantially 
slower than the decay of the precipitator voltage. If the collec- 
tion of mercury ions was involved, mercury collection efficiency 
would have decreased discontinuously when the voltage was 
switched off, because ions would only be formed when the 
voltage was applied. 

For a precipitator operating with a negative discharge wire 
and an earthed collector tube, the efficiency of atomic mercury 
collection can be described by equation (1), which is derived 
from the Deutsch equation’ 


E = 100[1—exp (—k2h/rv,)] (1) 


where E is the percentage efficiency of mercury collection, r and 
h are the collector electrode tube radius and length, respec- 
tively, v, is the axial gas velocity, and (2h/rv,) is the specific 
collecting area of the precipitator (electrode surface area/gas 
flow rate), and k is a complex function incorporating the rate of 
transport of mercury atoms to the electrode surfaces and their 
probability of collection. k varies with tube radius and voltage 
according to equation (2) 


k=AV/2r | (2) 


where A is a constant for a given tube radius and V is the applied 
voltage. 

Equation (1) was verified experimentally (Fig. 2) over a wide 
range of conditions (r= 8.0-45 mm for laboratory and r= 
75mm for plant tests). A maximum mercury collection 
efficiency in excess of 99% was achieved. The efficiency of 
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mercury collection was independent of the mercury concen- 
tration in gas entering the precipitator for concentrations in the 
range 0.1-8 mg m”. 

At very high discharge voltages equation (1) may over-esti- 
mate mercury collection efficiency because the gaseous ions 
bombarding the electrode surfaces can become sufficiently 
energetic to desorb collected mercury. In the absence of a 
corona discharge, no mercury was released when mercury-free 
air was passed through a precipitator which had previously been 
used to collect mercury, proving that mercury was bound to the 
electrode surfaces. However, when a discharge voltage greater 
than the threshold value for which equation (1) is valid was 
applied, mercury was desorbed into the mercury-free air. The 
threshold voltage for mercury desorption was independent of 
electrode material. 

For precipitators operating at a constant voltage below the 
threshold voltage for mercury desorption, A and hence k 
(equations (1) and (2)) increases with decreasing tube radius for 
r<35 mm, but seems to be independent of tube radius when 
r>35 mm. Because k increases as r decreases below 35 mm the 
electrode area required for a given application can be decreased 
by designing a precipitator with a very small electrode separa- 
tion. 

We suggest that electrostatic precipitators with smaller than 
normal electrode separations would be capable of removing 
mercury and perhaps other volatile environmentally undesir- 
able elements, such as selenium and tellurium, which are present 
as vapour in the gas streams produced during the processing of 
ores and the burning of certain types of coal. 
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Molecular morphology of 
polyethylene determined by NMR 


SOME of the earliest applications of nuclear magnetic resonance 
(NMR) concerned molecular structural determinations in the 
solid state via proton NMR second moments, a sensitive 
function of the number, types and relative positions of the 
constituent nuclei. This classical technique has been extended to 
polymeric solids, but it has not previously been exploited to 
address the problem of molecular morphology in polymer crys- 
tals. We describe here a framework for the interpretation of such 
measurements in cocrystals of polyethylene (PEH) and perdeu- 
teropolyethylene (PED) and present preliminary experimental 
data. The potential of this technique for distinguishing between 
adjacent re-entry and random re-entry molecular morphologies 
on a very local scale complements the ability of small angle 
neutron scattering (SANS) to ascertain the larger scale 
configuration of the polymer chain. 

The bulk morphology in semicrystalline polymers is well 
understood. It can be described superficially as a dispersion of 
crystalline lamellae (with dimensions of the order of 10°°m on 
the edges and 107° m in thickness) in an amorphous matrix. By 
contrast, only a limited number of features of the molecular 
morphology within the lamellae have been unequivocally 
defined’*, and these are all functions inherent in the primary 
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Fig. 1 The melt endotherm for an etched, solution-crystallised 
polyethylene co-crystal with x°= 0.53: heating rate 5°C per min; 
DuPont 990 thermal analyser. The PED aggregates in the co- 
crystal. The low temperature shoulder, approximately 15% to 
25% of the total endotherm, is attributed to the PED phase 
resulting in a range for the mole fraction of PEH in the co-crystal, 
x = 0.64 to 0.72. (Note, our observed melting point for quenched, 
unetched PEH is 136°C.) 


structure of the polymer: (1) the extended, low energy chain 
conformation; (2) the lateral juxtaposition of the chains; and (3) 
the orientation of the rectilinear chain axis normal to the lamella 
surface. 

The latter feature has prompted controversial hypotheses to 
explicate the mode of re-entry of a polymer chain into the 
lamella surface, a 001 lattice plane. The adjacent re-entry (AR) 
model posits a series of regular folds (180° turns) that dictate 
re-entry of the chain into the lamella at an adjacent, nearest- 
neighbour site in the 001 plane’. The random re-entry (RR) or 
‘switchboard’ model imposes no such external constraints on the 
trajectory of the chain. The RR model stipulates that, on 
emerging from the lamella, the chain either (1) re-enters the 
same lamella at a random site, whichcould be far removed from 
the point of emergence (subject to the stereochemical and linear 
dimensional constraints of the polymer chains) or, (2) permeates 
the interlamellae amorphous matrix and enters a neighbouring 
lamella*”. 

Recent SANS investigations of co-crystallised mixtures of 
PED and PEH have rekindled this controversy® and have been 
used as supporting evidence for both the AR’® and the RR®’° 
models, depending on the method of sample preparation. By 
way of circumventing this interpretive dilemma we pursue a 
different experimental approach to the problem-—-NMR, a 
sensitive technique for probing the local environment of a 
molecule. Proton NMR second moment measurements’, 
typically used to investigate the bulk morphology’ and relax- 
ation processes’ in semicrystalline polymers, provide an entree 
to the problem. 

For protons in a polycrystalline sample, the second moment 
is 


> i 
M,=iy° WIT + le Tra =M + MS (1) 
iN jk 


where y is the proton gyromagnetic ratio, its spin J = 1/2, N is 
the number of nuclei in the sum and ra is the distance between 
nuclei j and k. In equation (1) we decompose M, into its 
intramolecular part M3 and its intermolecular part M3. The 
former can be calculated from the molecular structure and 
conformation, the latter from the crystal structure. (In the 
polymer crystal, we will consider the analogous quantities, the 
intra- and interstem contributions to Ma, where the term ‘steny 
refers to a single traverse of the chain through the lamella.) 
Non-resonant nuclei J’ can also contribute to M- but with an 
additional reduction factor (relative to protons)’*: 


4+ Dy? 
9 +i 7 


+ 


2 (2) 


where I‘ and y’ are characteristic of the non-resonant nucleus. 
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For deuterium (Z = 1), this reduction amounts to = 0.02 of that 
anticipated from protons at comparable rj. 

Samples of co-crystallised PEH and PED (molecular weights 
2.0 x 10° and 2.8 x 10°, respectively) were prepared in two ways: 
in Method I, quenched polyethylene, 1% solutions of mixtures 
of PEH and PED (x = 1 to 0.28; x = mole fraction of PEH) 
refluxed in orthodichlorobenzene for 30 min under N, were 
quenched (precipitated) in an excess of methanol, washed with 
methanol and dried under vacuum at 65 °C (48 h); in Method H, 
solution—crystallised polyethylene, a 0.1% solution of PEH and 
PED (x = 0.53) in refluxing orthodichlorobenzene was rapidly 
cooled (~2 min) to 90°C and allowed to stand (48h). The 
resulting crystals were collected at 90 °C, extracted with acetone 
in a Soxhlet (24 h) and dried as in Method I. In order to exclude 
contributions to M, originating from the amorphous fraction of 
the polymer (see Fig. 2) all samples were subjected to a fuming 
nitric acid etching procedure (80 °C for 96 h); the highly crystal- 
line debris was washed in H,O, extracted with acetone (24 h) 
and dried under vacuum at 65 °C (24 h). 

For all co-crystals calibrated NMR intensity measurements 
show that x, the mean mole fraction of PEH in the co-crystal, ts 
identical to that initially present in the solution blend, xo, that is, 
PEH (PED) is not partitioned preferentially into the amorphous 
phase and lost during etching. Aggregation of PEH (PED) into 
distinctly separate phases can be checked by examining the 
melting endotherms of the co-crystals”. Single endotherms are 
observed for quenched, etched co-crystals. A shoulder on the 
low temperature side of the endotherm is indicative of PED 
aggregation in the co-crystal. In the case of solution-crystallised 
mixtures of PEH and PED, the aggregation of the PED is 
pronounced (Fig. 1). In the resulting co-crystal, the local mole 
fraction of PED, x, is obviously not the same as x». We have 
graphically decomposed this endotherm into two components, 
the melting of a PEH/PED co-crystal at 126 °C and the melting 
of aggregated PED at 122°C. We estimate that the PED 
aggregate accounts for 15% to 25% of the entire endotherm 


Fig.2 The proton FID signal in polyethylene following a 90° 9—7- 

90°99 pulse sequence. The signals were obtained with a Bruker 

pulse spectrometer at 30 MHz; 90° pulse length=1.5 us; r= 

10 ps; T = 20°C. Typically 256 FID signals were averaged using a 

Biomation 802 digitiser and a Nicolet 1072 signal averager. O, 

Experimental FID. a, Quenched PEH. b, Quenched and etched 
PEH: @, computed FID 





10 20 30 40 
Time (us) 


Nature Vol. 275 12 October 1978 
and, assuming the same AH for PEH and PED, x ranges from 
0.64 to 0.72 for this co-crystal. From the melting points of these 
co-crystals we estimate lamellae thicknesses of 150 Aand 180A 
for solution quenched and _ solution-crystallised samples, 
respectively’®. 

The NMR absorption line shape and the free induction decay 
(FID), F(t), are related by a Fourier transform. Even moments 
M,, of the resonance line shape are related to the coefficients of 
an even power series expansion of F(t) as? 


M,t" 
: (3) 
n: 





POSL 


A fit of the observed FID to this power series was used to 
compute the second moments. Figure 2 contrasts the FIDs of 
unetched and etched PEH and illustrates a computed fit to 
equation (3). The value for M, obtained from quenched PEH at 
20°C is 26.3+0.5 G’, and lowering the temperature to — 150° 
produced no observable changes in Ma. As noted previously, 
when the amorphous fraction is etched from PEH, the rigid 
lattice limit obtains at 20°C (refs 17, 18). The observed M3 is, 
however, larger than that previously reported for etched PEH 
after correcting for thermal expansion of crystal lattice (24.3 + 
0.5 G°). While the reproducibility of M, is excellent, the 
absolute magnitude computed from the FID is limited by the 
accuracy of determining the position of the dipolar echo (t = 0) 
following the 90°)-r-90° 99 pulse sequence. Once a procedure 
for determining t = 0 is established, relative values of the second 
moment, R = M,/26.3, can be confidently compared. 

Isotopic dilution experiments can be used to separate R into 
the intra- and interstem contribution to Ma, R° and R’, respec- 
tively. The interstem contribution is scaled by the conditional 
probability P(H|H) that a given nearest-neighbour (site) of a 
protonated species is also protonated. In order to extract the 
details of the molecular morphology in the lamellae we calculate 
S, the interstem contribution to M per site in the crystal relative 
to that for pure PEH, for the following models of chain re-entry: 
(1) AR, adjacent reentry with no restrictions on the direction of 
chain propagation in the 001 plane of the lamella; (2) AR-110, 
adjacent re-entry with the chain restricted to enter the lattice 
along the 110 planes; (3), AR-100, adjacent re-entry restricted 
to the 100 planes; (4) RR, random re-entry of the chain. 

In the 001 plane of the crystal each lattice site has six adjacent 
sites, two along the 100 plane and two each along the 110 and 
110 planes. The absolute computed interactions along the crys- 
tal planes, '°°M5 and °M; depend on the lattice cell constants. 
However, over a range of cell dimensions the relative inter- 
actions “*R’="*M3/M3 remain invariant: °R’=0.13 and 
LIO pO? ne 10 pr = 0.186. 

For the AR model, around each PEH site at least two adjacent 
sites must also contain PEH chains (P(H|H) = 1, ignoring chain 
ends). We assume that chains with just two self-adjacent sites 
occur with a probability of 1/3. For multiple self-adjacent 
re-entries (3, 4, 5, or 6) about a given site we assign a probability 
of 1/6. The relative contribution S is obtained from the 
probability weighted sum of '*R’ arising from the different 
possible configurations about a given site. For the above 
parameters, one obtains 

22 14 


S(AR)= Z+ (4) 


In the AR-110 model, "°P(H|H)=1 and '°P(H|H)= 
110 D(H |H) = x. Thus 


S(AR-110)=2''°P(H| HY PR’ 
nfo 20 P(HIHYR’ as D(H HY’? R ] 


5 
=0.37+0.63x a) 
Similarly, S(AR-100) is given by 
S(AR-100) = 0.26 +0.74x (6) 
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Fig. 3 The relative second moment R plotted against x for 

solution-quenched and etched co-crystals of PEH and PED; x = 

X = xo for all samples. The solid line is a linear regression fit to the 

data with a correlation coefficient of 0.86; R(x =0)=0.62+0.04; 
R(x = 1)= 0.98 +0.04. 


Finally, in the RR model, where P(H|H)= x for all sites we 
obtain 


S(RR)=x (7) 


In each of these models the contribution that PED chains in 
adjacent sites makes to M} can be obtained with equations 
(4)}+(7) by replacing x with (1 —x) and multiplying the result by 
0.02. 


To determine which model corresponds to the experimental 
data, we consider the behaviour of the relative second moment 
with the isotopic content of the co-crystals. R should be a linear 
function of x for all the models if the co-crystals are homo- 
geneous. The intercept consists of the intrastem contribution 
plus the residual interstem contributions characteristic of the 
molecular morphology. Our procedure is to compute R* from 
the intercept of R versus x for the quenched PEH/PED co- 
crystals (Fig. 3) and the expressions for S of equations (4)}-(7) 
according to 


R° =((R-S)/(.- S); =0 (8) 


The values of R* computed in this fashion are 0.02, 0.40, 0.47, 
and 0.62 + 0.04 respectively, for the AR, AR-110, AR-100 and 


Fig. 4 The relative intermolecular contribution to M2, S, plotted 

versus x, the mole fraction of PEH in co-crystals of PEH + PED. O, 

Quenched, etched co-crystal; x =x°=0.53. @, Quenched, 

annealed (123 °C; 48 h), etched co-crystal; x = x? = 0.53. +, Solu- 

tion-crystallised, etched co-crystal; x ranges from 0.64 to 0.72 (see 
Fig. 1). 
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RR models of chain re-entry. These values of R° can be 
compared with the values for R° calculated for plausible struc- 
tural and lattice parameters. It should be noted that calculated 
values for R° are extremely sensitive to the choice of the bond 
angles and bond lengths used to compute M3 (ref. 13). The 
calculated values of R" range from 0.67 to 0.73. Thus, from the 
magnitude of the intercept, there is strong evidence for a 
random molecular dispersion of PEH in PED characterised by 
the RR molecular morphology in the quenched co-crystals. The 
observed R* = 0.62 + 0.04 is lower than anticipated and prob- 
ably reflects, as suggested by Olf and Peterlin," a decrease in M3 
caused by the presence of -COOH and ~NO, groups near the 
chain ends at the etched lamella surface. On the other hand, 
heterogeneity due to phase separation in the co-crystals would, 
for a given x°, yield larger experimental values for R and result 
in a correspondingly larger apparent R“. 

Now we consider the relative interstem contributions to Ma. 
In Fig. 4 the calculated values of S (equations (4}-(7)) are shown 
plotted against x for the four models. of chain re-entry. Also 
shown are three experimental valaes for relative interstem 
second moments derived from § = {R ~ R*)/(i~ R*) with R* = 
0.64 +0.04. The experimental values correspond to PEH/PED 
co-crystals (¢ = x? = 0.53) that differ in their methods of pre- 
paration. Both samples of the solution-quenched co-crystals 
(one annealed at 123°C for 48h before etching) exhibited 
single, sharp melting endotherms indicative of homogeneous 
co-crystals characterised by x = x. According to Fig. 4, within 
the experimental uncertainty, the annealing treatment does not 
significantly perturb the RR molecular morphology in the solu- 
tion-quenched co-crystals. In the solution-crystallised sample, 
the fact that < = x, merely indicates that the crystallisation was 
carried out to 100% conversion. Severe compositional hetero- 
geneity can occur in solution-crystallised mixtures of PEH and 
PED’’. However, the profile of the melting endotherm of this 
sample (Fig. 1) prompts us to suggest that only two phases are 
present: one, pure PED crystals (x = 0), comprising 15% to 
25% of the sample, the other, co-erystals of PED and PEH 
characterised by x = 0.68+0.04. For this compositional dis- 
tribution, the RR model again accounts for the observed value 
of S. (Note that using a value of R” > 0.64 yields smaller values 
for S.) 

In contrasting the observed values of S with the predictions of 
the model morphologies, the procedure used does presume 
compositional homogeneity, that is, x must be representative of 
the distribution of PEH throughout the macroscopic sample of 
co-crystals. In heterogeneous samples, specification of the dis- 
tribution of composition is prerequisite to the extraction of 
molecular details from measurements of intensive parameters 
such as NMR second moments. (One can, for example, arrive at 
the observed value of S for the solution-crystallised co-crystai 
with the AR-110 morphology assuming that the low melting 
fraction (Fig. 1) has x =0.2 and the remaining fraction is 
characterised by x = 0.6; ¥ = 0.53 for the entire sample.) 

In conclusion, the NMR second moment data provide another 
perspective on the nature of the molecular morphology in 
polyethylene. The NMR experiments, unaffected by the overall 
configuration of the chains, complement the neutron scattering 
experiments in the sense that they selectively probe the local 
short-range structure. The NMR reconstruction of the mode of 
chain re-entry into the lamella appears to be independent of the 
method of sample preparation. While unequivocal data on 
solution-crystallised polyethylene requires compositionally 
homogeneous co-crystals (perhaps accessible through fractional 
crystallisation), these preliminary NMR results argue against 
theories of regular chain re-entry. Most significantly, the NMR 
method should be able to discriminate among less ideal models 
of molecular morphology, that is, two (three,...) AR stems 
followed by a random trajectory, followed by another sequence 
of AR stems, and so on, until the entire polymer chain is 
incorporated in the crystal. 

We thank C. E. Tarr for advice on data reduction and D, L. 
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Note added in proof: R. Voelkel and H. Sillescu have indepen- 
dently applied the NMR isotopic dilution method to PEH and 
observe the molecular morphology to be molecular weight 
dependent (manuscript in preparation). 
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Soil stabilisation by cellulose xanthate 


CELLULOSE XANTHATE is unusually effective in stabilising 
soil against attrition and deformation. At a concentration of 
about 0.1% in the soil it reduces erosion; at higher concen- 
trations it can be used to bind soils to improve their mechanical 
strength. During an investigation of other uses for cellulose 
xanthate, we recently rediscovered its unusual interaction with 
soils. We describe here its formation and application in the 
laboratory, quantitatively compare it with several synthetic 
polymeric soil conditioners and suggest a mechanism for its 
action. With regard to the effectiveness of the xanthate soil 
treatment, its economy and the ready availability of agricultural 
waste cellulose, we hope to encourage further study of this 
interesting system. 

The initial disclosure of soil stabilisation by cellulose xanthate 
was a series of patents by Meadows’, followed by two brief 
reports by another group’’. As far as can be determined no 
further use of cellulose xanthate for soil treatment has been 
made. A number of other materials have been proposed or used 
for soil stabilisation, for example, strong composite structures 
can be made from polymers, asphalt or Portland cement’, in 
amounts of the order of 10% of the soil. At lower concen- 
trations, various hydrophilic polymers, usually polyelectrolytes, 
can be used as conditioners to stabilise aggregates and improve 
tilth’. Widespread use of soil additives is cost limited. 
Experience in applying cellulose xanthate should determine 
whether it is significantly cheaper than additives based on 
petrochemicals or energy intensive sources. 

Cellulose xanthate can easily be made from any cellulosic 
source that contains accessible alpha cellulose: rice or wheat 
straw, chemically pulped wood or paper products, cotton, and 
similar materials. Mechanically pulped wood or papers are not 
generally useful, as the structure resists solution after xantha- 
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tion. In this work cellulose xanthate solutions were made from 
used computer cards, a source of nearly pure fibrous cellulose. 
The cards (~2.5 g each) were soaked for 10 min in 18% (w/w) 
aqueous NaOH, drained and padded to dampness with paper 
towels. The damp alkali cellulose was transferred to a wide- 
mouth jar, and 1.5 ml carbon disulphide was added for each 
card. After rapid mixing the jar was tightly closed. Several hours 
later the xanthate formed an orangish sticky mass at the bottom 
of the jar. Using a mechanical stirrer, the xanthate was diluted to 
a 2% solution (based on cellulose content), which was of low 
enough viscosity to facilitate later measured dilutions. The shelf 
life of aqueous xanthate solutions is short, a few days at most, so 
experiments were initiated soon after preparation. Cellulose is 
regenerable from the xanthate solution by acidification, heating, 
increasing the ionic strength, or merely by waiting. In soil 
treatment with xanthate, hastening regeneration is generally 
unnecessary. 

Imperial Valley clay (California) was used to test the stabilis- 
ing effect of cellulose xanthate. After rough grinding to remove 
lumps, 20 samples of 20 g each weré prepared. This clay was 
found to form a thick paste when 5-6 ml of water was mixed with 
20g clay. Thus, to obtain a series of samples with known 
cellulose content, appropriate amounts of the 2% stock solution 
of cellulose xanthate were diluted to about 5 ml and mixed with 
the clay. By this method, treatment levels of 0.01, 0.025, 0.05, 
0.1, 0.25 and 0.5% cellulose (dry weight) were added to the clay. 
Two control samples were similarly prepared with water only. 
Partially dried treated clay was stirred to form irregular balls 
about Icm in diameter. After air drying and curing for a 
minimum of 24h at room temperature, the aggregates were 
sized to pass a 2 mesh (12.7 mm) but not an 8 mesh (3.2 mm) 
screen. The dry weight of each sample of sized aggregates was 
redetermined. 

To estimate relative stability, a sample was placed in a 236-ml 
bottle with 125 ml of water. After 1 min, the bottle was rotated 
end over end at 30r.p.m. The dry weight of fines that passed 
through a 20 mesh (1.3 mm) screen was determined after agita- 
tion periods of 1, 4, and 16 min. Weight losses are given in Table 
1. 

For comparison, two synthetic polymeric soil conditioners 
were also tested: polyvinyl alcohol (PVA) and a hydrolysed 
polyacrylonitrile (HPAN). These conditioners were applied at 
the same treatment levels as the cellulose xanthate and tested in 
the same way with the rotating agitator. Results are also shown 
in Table 1. 

Qualitative differences in texture were noted among the 
various treatments after drying: both the xanthate and HPAN 
treatments gave distinctly hardened aggregates, whereas the 
PVA produced more crumbly material. At higher treatment 
levels the xanthate-treated soil was especially firm when wet, 
with a rubber-like springiness. The weight loss during agitation 
also occurred differently among the three treatments. The rota- 
tory test was rather harsh and, as the test progressed, xanthate- 
treated and to a lesser extent HPAN-treated aggregates tended 
to become rounded, while the PVA treatment gave irregular 
aggregates that gradually broke up. Weight loss of the xanthate- 
treated clay is, in most cases, substantially less than that of the 
PVA- or HPAN-treated clay (Table 1). 

The mechanism of soil stabilisation by cellulose xanthate may 
be unique in that it seems to depend initially on adsorption as a 
polyelectrolyte and then later on the regeneration of cellulose. 
The behaviour of cellulose xanthate as a polyelectrolyte is well 
known’®, as is the effectiveness of polyelectrolytes in binding 
together clay particles’. The xanthate as applied is the ionised 
sodium salt of the polyanion; hence, its initial interaction with 
soils should be largely by adsorption to the surface of the clay 
component. This is apparent from the immediate stabilisation of 
clay by xanthate, noticeable even when still wet; this rapid 
stabilisation does not occur with sands. 

After some time, most of the xanthate is regenerated to 
cellulose; cellulose fibrils then presumably take the place of 
adsorbed xanthate to bridge between particles and confer 
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Table 1 Percentage weight loss of Imperial Valley clay aggregates treated with various amounts ef seil stabilisers 


1 min wash 
Additive 
Wt % stabiliser added Cell PVA HPAN 

0 (control) 48 (48) (48) 
0.01 36 39 47 
0.025 Z5 39 45 
0.05 14 40 37 
0.1 7 39 39 
0.25 3 19 33 
0.5 2 10 10 


uae preven minara ER aana E AA RONAN PEON INARA ede Eaa a aaa ITO AAT OPA ATRL n aan anaa 


4 min wash iG min wash 
Additive Additive 

Cell PVA HPAN Cell PVA HPAN 
84 (84) (84) 100 {100} {100) 
72 75 82 00 160 100 
56 75 80 04 100 100 
41 72 70 83 100 100 
2 69 74 HA 100 100 

10 38 64 26 4 Gå 

6 19 24 17 Al 37 


Aggregates and stabilisers were agitated in water for 1, 4 or 16 min after an initial 1 min static soak. Stabilisers used were cellulose xanthate (Cell), 
polyvinyl alcohol (PVA), and hydrolysed polyacrylonitrile (HPAN). Xanthate was prepared as described in the text. The PVA was Du Pont ‘Elvanol’ 
polyvinyl alcohol, grade 72-51, 98.5-100% hydrolysed, MW 54,000. HPAN was obtained from a sample of ‘Ortho-Tif (Ortho), designated as 83% 


HPAN: the sample was identified as sodium polyacrylate. 


stability. Evidence for the shift from polyelectrolyte sorption in 
the xanthate form to binding by regenerated cellulose is afforded 
by analysis for oxidisable sulphur remaining in the treated 
samples. The analytical method was based on oxidising divalent 
sulphur by hydrogen peroxide to form the sulphate’, after which 
a slight excess of barium ion was added, and the decrease in 
soluble barium determined by atomic absorption’. Table 2 
shows the oxidisable sulphur thus determined for a kaolin 
sample initially treated with cellulose xanthate to a cellulose 
level of 0.5%. The results are also given as weight per cent 
cellulose xanthate (calculated as cellulose), assuming one 
xanthate group for each two anhydroglucose monomer units. 
The initial cellulose content calculated from the sulphur content 
is 0.8%; the amount over 0.5% may represent sulphur present 
as excess CS,. After 700 h, the oxidisable sulphur decreased to 
2 mg per 100 g kaolin, representing a xanthate content of 0.01% 
(calculated as cellulose). As clay stabilisation by xanthate seems 
permanent (barring microbial action), regenerated cellulose 
must be the effective binding agent in the long run. 

Microbial action may limit some applications. The lifetime 
and fate of the regenerated cellulose in practical applications are 
unknown, but it appears to last for at least several months’. In 
our laboratory, samples have been kept in water for more than 
six months with no marked change. Appropriate antimicrobial 
agents may be useful for producing a more permanent treat- 
ment. 

For some applications of cellulose xanthate, its relatively 
short shelf life in the presence of water may be objectionable. 
We have found that drying at room temperature and refrigera- 
tion are effective in retarding regeneration to cellulose, although 
these expedients delay rather than prevent regeneration. The 
reason for this lies in the numerous side reactions attending 
xanthate formation, two of the more important being 


6NaQOH + CS, -> 2NaS + Na,CO, + 3H,O 
and 


Na2S + CS, > Na.CS,; 


The trithiocarbonate is largely responsible for the orange colour 
of prepared xanthate; it is a stable salt, as is the carbonate and to 
a lesser extent the sulphide. These reactions are rather slow’®, 
evidently slower than xanthate formation, which is complete 
within a few hours at room temperature. Later, however, the 
reaction tends to be driven toward the formation of thio- 
carbonate, or at least to the sulphide/carbonate stage if CS, is 
deficient, with the cellulose xanthate decomposing to supply the 
necessary NaOH and CS, along with cellulose. Reducing the 
temperature slows regeneration, as does removal of water, since 
ionic reactions are involved. Meadows’ found that adding a 
chemical dehydrating agent (for example, CaO) to the air-dried 
xanthate permitted stable storage for much longer times. Addi- 


tional calcium ion is often beneficial for soil applications and this 
inexpensive addition should ameliorate the stability problem. 

Spraying or sprinkling permits direct application of dilute 
xanthate solutions to large areas. In test plots of 1-4 m”, we 
produced erosion resistance by applying a 0.4% cellulose solu- 
tion to a depth of 1 cm, leaving a cellulose content of 6.07% in 
the soil. From adjacent plots tilted to about 20° angles, the silt 
runoff from an untreated plot was over 500 times that from a 
treated plot. 

In test plots, treated soil appeared to absorb water more 
rapidly, indicating an increased permeability. This was verified 





Table 2 Oxidisable sulphur content of kaolin treated with cellulose 
xanthate 


pee eretewewunypanam yn anA LAA AA AAAA AAAA AAAA x RARAN ARARA nll E D A AA AAAA Aa A D Arete AVERSA ATA: ede 


% Cellulose xanthate in 


Time Onxidisable sulphur kaolin calculated as 

(h) (mg per 100 g kaolin) cellulose 
0 i62 0.82 
0.2 149 0.78 
I 124 0.63 
4 123 0.62 
20 83 0.42 
44 70 0.33 
200 36 0.18 
700 2 DOL 





The analytical values given for zero time were calculated from analysis 
of the added xanthate solution. 


in the laboratory by measuring the volume absorbed by Imperial 
silty clay standing under a 1cm head of water for 16 min. 
Samples were passed through a hand mill to obtain similar 
particle size and uniformly packed in 9-cm diameter cans by 
rapping the perimeter with a smali rubber mallet. The surfaces 
of the untreated and bulk treated clay samples were water 
wetted to 1 cm depth and dried for 24 h before the test; a third 
sample was wetted with a dilute xanthate solution to 1 cm depth 
and similarly dried. Untreated clay abserbed 8 | m” of exposed 
surface. Clay treated to contain 0.1% cellulose in the top 
centimetre absorbed 121m *, andeclay treated to contain 0.1% 
cellulose throughout its bulk absorbed 19 1 m™*. 

Soil treated with cellulose xanthate does not appear to affect 
seed germination and growth, as was observed both from weed 
growth on the test plots and from germination of wheat seeds in 
the laboratory. However, if the treated soil is compacted with a 
roller, a hard surface is produced that seems to inhibit seed 
germination. 

We thank the following from Science and Education 
Administration: L. B. Grass for clay samples, J. van Schilfgaarde 
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studies and G. Bailey for identification of sodium polyacrylate. 
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Sedimentation rates determined by "Cs 
dating in a rapidly accreting salt marsh 


SEA-LEVEL records indicate that the coast of Louisiana and 
other parts of the Gulf Coast are rapidly subsiding’. Louisiana is 
now losing approximately 16 square miles of land per year, 
primarily to subsidence’; the rates of subsidence vary with 
location. Vertical marsh accretion is the process which coun- 
teracts subsidence and eustatic sea-level rise and prevents marsh 
deterioration, but, as in Louisiana’s salt marshes, the pattern, 
rate and variability are sufficiently complicated to defy simple 
prediction. Conditions of marsh development vary throughout 
the coast, from the modern and Atchafalaya deltas through the 
abandoned deltas to the Chenier Plain’. In recent years, much of 
the coastal area such as Barataria Basin has been deprived of 
river-borne sediment through natural stream diversion and the 
construction of water-control embankments. In addition, 
dredging from petroleum operations has altered water flow and 
sedimentation patterns. The survival and productivity of Gulf 
Coast marshes depend on the influx and accumulation of sedi- 
ment that offsets the effect of subsidence and maintains the 
marsh surface within the tidal range. To predict long-range 
trends in marsh stability, accurate measurements are needed of 
both subsidence and sedimentation rates. Information on 
subsidence is available from tide gauge measurements but no 
measurements have been made of sedimentation rates in 
marshland developed on Recent Mississippi alluvium. '*’Cs, a 
fallout product of nuclear testing, has become a useful tool for 
dating recent sedimentary sequency in lakest”. We report here 
its use in the measurement of sedimentation rates in a Louisiana 
coastal marsh, the first report of such use in coastal marshes. 
Cores were taken from a streamside and inland Spartina 
alterniflora salt marsh and from an adjoining shallow water lake 
in Barataria Basin in Louisiana (29°13 N, 90°7’ W). From the 
streamside location two sediment cores were taken 7 m inland 
and 5 m apart parallel to a natural stream. Another set of two 
cores was taken 45 m inland and 5 m apart parallel to the same 
stream. A third set of two cores was taken 350m apart in 
adjacent Airplane Lake, a shallow 19-hectare lake. Cores were 
obtained by twisting a thin-walled aluminium cylinder of 15 cm 
diameter and 53 cm depth into the marsh soil or lake bottom. 
Compaction was minimal using these relatively large-diameter 
thin-walled cylinders. The sediment was sectioned into 3-cm 
increments, dried and ground, and each sample well mixed. 
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'37Cs activity in each section was determined by y counting of 
the oven-dried sample using a lithium-drifted germanium 
detector and multichannel analyser’. Organic carbon was 
determined by dry combustion. Organic matter was estimated 
by multiplying carbon content by 1.724 (ref. 10). Density was 
determined from oven-dry sediment in the known volume of 
each section. 

Sedimentation rates were calculated from the peak '*’Cs 
concentration found in the marsh and lake profile which cor- 
responded to 1963, the year of peak '*’Cs fallout, and 1954, the 
first year of significant '*’Cs fallout®’. There should be little 
mobility of '°’Cs in sediment, as it is rapidly adsorbed by clay 
components of sediment and soil®’'. Also, the sediment 
captured by the dense marsh grass is unlikely to be reworked. 

'"’Cs profile distributions demonstrate rapid vertical marsh 
accretion (Fig. 1). The two marsh sites nearer the stream were 
found to be accreting at a rate of 1.35 cm yr *. The inland marsh 
was accreting at a slower rate (0.75 cm yr’ '). The inland marsh is 
beginning to deteriorate into small open water areas, presum- 
ably because its vertical accretion rate is not able to compensate 
for subsidence and eustatic sea-level rise. A tail of '*’Cs activity 
extended below the 1954 marker in the marsh profile but not in 
the lake profiles. This tail corresponds to the rooting depth of S. 
alterniflora and is probably the result of plant absorption of '*’Cs 
(ref. 10). '*’Cs activity was expressed on a volume (pCi per 3-cm 
section) basis. 

The distribution of Cs in Airplane Lake cores implies 
accretion rates of 1.1 cmyr7'. A greater amount of sediment 
mixing occurred in the lake than in the marsh. One of the lake 
sites did not have a distinct Cs peak. However, the 1954 
marker horizon for both cores extended to the same depth. A 
87Cs tail was not found in the lake cores, apparently because of 
the absence of plant roots. 

The accretion rates reported here are greater than those 
found in Atlantic coast salf marshes. Richard’? recorded 
accretion rates of 0.34 cm yr™' in a Long Island salt marsh using 
brick dust as a marker layer. Armentano and Woodwell”’, using 
*2°Pb, measured accretion rates of 0.47-0.63 cm yr also in a 
Long Island marsh. The rapid accretion rates obtained by '*’Cs 
dating for this Louisiana salt marsh approximately equal repor- 
ted subsidence rates of 1.29 and 1.12 cm yr™' estimated by tide 
gauge measurements from 1959 to 1971 in this coastal area at 
Bayou Rigaud (2916 N, 89°58’ W) and Eugene Island 
(29°22’ N, 91°23' W), respectively’. Even though there is a net 
land loss along the coast, vertical accretion is apparently 
compensating for a portion of the subsidence. 

Density of the marsh soils ranged between 0.30 g cm”? and 
0.10 gcm™*, depending on depth and location (Fig. 2). Density 
of the lake sediment ranged from 0.45 g cm”? at the surface to 
approximately 0.65 g cm™° at 50 cm. Both mineral and organic 
matter contribute to the density values. From density and 


Fig. 1 Measured '97Cg profiles at each location. a. Streamside 1 
and 2; b, inland 1 and 2; c, Airplane Lake 1 and 2. 
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Fig. 2 Distribution of mineral and organic material at each 

location. a, Streamside 1; b, streamside 2; c, inland 1; d, inland 2; e, 

Airplane Lake 1; f, Airplane lake 2. Light shading, mineral; dark 
shading, organic. 


carbon content of the cores, it is shown that the area vertically 
accretes through organic detritus accumulation and sediment 
input. The lake is receiving a larger amount of mineral sediment 
than the adjacent marsh. 

Tbe entrapment and stabilisation of suspended inorganic 
sediment on the marsh surface by vegetation is an important 
process in helping to maintain elevation with respect to sea level. 
The incoming sediment also supplies nutrients for plants which 
in turn enhance further sediment entrapment and stabilisation. 
The increased primary production contributes to the organic 
pool of these peaty marsh soils. Maintenance of a viable marsh is 
thus affected through aggradational processes of plant growth, 
organic detritus accumulation and inorganic deposition. 

The Cs dating technique thus seems to be useful in deter- 
mining sedimentation rates over the past quarter-century in salt 
marshes that are rapidly accreting. Sediment deposited on the 
marsh surface is stabilised by the dense vegetation and, based on 
the slope of the *®’Cs profiles, there is little reworking and no 
pronounced biogenic disturbance of the deposited sediment. 

This research was supported by funds from the NOAA Office 
of Sea Grant, US Department of Commerce. 
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Seismological and geclogical 
aspects of the Mantaro landslide in Peru 


ON the evening of April 25 1974 one of the largest landslides 
known took place in the Mayunmarca valley (12.6°S, 74.6°W), 
adjacent to the Mantaro River, in the Peruvian Andes (Fig. 1). A 
total of 1,000 to 1,300 x 10° m° of soil and rock was displaced in 
successive slides, which occurred within a few minutes of each 
other. Part of the slide material reached the Mantaro canyon, 
where a gigantic natural dam was formed. The dam was 3.8 km 
long extending along the axis of the canyon, 2.5 km wide across 
the river (Fig. 2), 170 m high from the river bed to the lowest 
point on the crest, and had a volume of 800 x 10° m°. At the time 
of the slide, the Mantaro River was discharging nearly 
150 m?’ s~}, and a reservoir was quickly impounded upstream 
from the dam. At its largest, the reservoir was approximately 
32 km long and contained over 670 x 10° m° of water. After 42 
days, the reservoir overtopped the natural dam. The high 
potential of flood damage was minimised by construction of a 
controlled spillway across the dam. 

As a direct result of the slide, the village of Mayunmarca and 
several farms dispersed over 9.6 km’ were destroyed. Approx- 
imately 400 people lost their lives, but about 200 more would 
have been killed had they not been evacuated: evacuation had 
been recommended in November 1973 following a geological 
study in which the landslide was forecast’, Large property losses, 
which included a section of the main road, buildings, and 
agricultural fields, severely affected the weak economy of this 
remote region. Large sections of the main road which run 
parallel to the Mantaro River, were flooded by the reservoir, 
making the road no longer serviceable. 

The Mayunmarca valley is an old glacial valley with a dendri- 
tic drainage system, which, befare the slide, was formed by 
several streams cutting fluvial terraces into deep gullies. These 
streams converged near Mayunmarca and continued to the 
Mantaro River by the Cochacay gully (Fig. 1). Underground 
drainage came from the Pumaranra River and from the 
Yanacocha and Minascocha lagoons, located at elevations 
>4,000 m. The hills surrounding the valley reach altitudes of 
>4,300 m, while the bed of the Mantaro River is just under 
2,500 m in elevation. These hills are mainly formed by Permian 
sandstones and shales lying on Palaeozoic schist and phyllites, 
which are the impermeable basement rocks of the Mayunmarca 
valley. The sandstones and shales are generally overlain by 
glacial deposits or by unconsolidated, weathered, and perme- 
able Quaternary alluvium over 100 m thick (Fig. 2). 

During the geological study that warned of a possible 
landslide’, an abnormally large amount of water in the 
unconsolidated sediments under the Mayunmarca terrace and 
signs of recent small slides in the flanks of the surrounding hills 
were noticed. After the landslide, a geological inspection of the 
area?“ revealed water saturation of the unconsolidated sedi- 
ments and soils, suggesting loss of cohesion of the upper 
unconsolidated layers resulting from a rise in the water table and 
an increase in underground flow. This condition aided in 
triggering the slide and was helped by the steep gradient of the 
Mayunmarca valley. 

The landslide area has had very low seismic activity in the past 
70 yr. Only two seismic events were located in this area, both 
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being of intermediate depth of focus (A ~ 100 km). Local and 
regional seismic activity during the few cays before the slide, as 
recorded at Huancayo (HUA, A=82 km, AZ = 327°) and Nana 
(NNA, A=240km, AZ=284°), consisted of four small 
earthquakes that occurred >100km from HUA, and of a 
magnitude m,=5.8 earthquake that occurred approximately 
660 km southeast of Mayunmarca and about 17h before the 
landslide’. Earth tremors were reported near the Mayunmarca 
valley between 03:00 and 04:00 hours and around 21:00 hours 
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LT on 25 April. The earlier tremor could correspond to the 
m, = 5.8 regional event, which occurred 660 km away from 
Mayunmarca, and the later tremor, to the landslide itself. These 
possibilities suggest that the landslide was not caused by a 
seismic event. This hypothesis is supported by the appearance of 
the short-period seismograms from the landslide and recorded 
at HUA, NNA, and Arequipa (ARE, A = 581 km, AZ = 138°), 
which are similar to the records obtained at Pasadena, Califor- 
nia, from slumps originating during petroleum drilling opera- 


Fig. 1 Location map of 
the Mayunmarca Valley 
showing the principal 
surrounding topographi- 
cal features (in m) and the 
area affected by the 25 
April 1974, landslide. A- 
B location of cross section 
shown in Fig. 2. 
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Fig. 2 Section A-B of 5M 
(ne jaa ‘ 

(see Fig. 1) showing major 
p and topo- 
graphical features related 
with the landslide of 25 
April 1974. Vertical scale 
=2,5 horizontal scale. 


tions near Terminal Islands’. However, the possibility has not 
been eliminated that a small earthquake, whose magnitude was 
so small that it was not recorded at the local seismic stations, was 
the triggering source of the landslide. A seismic survey by the 
Instituto Geofisico del Peru** some weeks after the landslide 
showed the existence of microcarthquakes of possiblé tectonic 

origin; they had epicentral distances between 2 and 20 km from 
the recordai ate. which was located 20 km from the debris dam 
and at the upstream end of the reservoir and 3 km from the 


Tablachaca concrete dam (Fig. 1), which serves the Mantaro - 


Hydroelectric Plant. These microearthquakes could have been 
associated with the presence of the Tablachaca reservoir or the 
reservoir created by the Mantaro landslide. A special seismic 
study could be used to determine the origin of this micro- 
earthquake activity and to determine whether a fault suggested 
from surface tectonic features and coinciding with the Mayun- 
marca valley is active or not. 

Seismic waves generated by the Mantaro landslide were 
recorded at several South American observatories as far away as 
2,890 km (ref. 8). Short- and long-period seismograms were 
recorded at HUA, NNA, and ARE. Only long-period signals 
were recorded at Las Peñas (PNS, A~ 900 km) and at Brasilia 
(BDF, A = 2,890 km). 

The origin time of the landslide was 0157 22.5 UTC on 26 
April 1974 (2057 22.5 LT on 25 April), calculated from P- 
arrival times on the HUA short-period seismograms and using 
Herrin’s seismological tables’. The disturbance recorded on the 
HUA and NNA short-period seismograms lasted 4 min, while 
long-period records show higher frequency waves arriving 3 min 
after the onset. 

From the seismic phases originated by the Mantaro landslide 
(long-period signals shown in Fig. 3), the geological and physio- 
graphical constitution of the Mayunmarca valley before the 
event’, and the vertical distribution of different types of debris in 
the natural dam’, we infer that the landslide was a complex 
phenomenon composed of different slides which occurred dur- 
ing a period no longer than 4 min but longer than 14 min. The 
first slide consisted of unconsolidated soils and sediments 
underlying the Mayunmarca terrace, nearly 3.5 x 1.60.1 km 
(560 x 10° m°) After this original slide, the material in the flanks 
of the surrounding hills became unstable; therefore, most of the 
remaining material (around 700 10° m’) slid in subsequent 
secondary slides on the top of the affected area and of the debris 
belonging to the original slide. Large blocks of rocks on top of 
the surrounding hills also became unstable and fell; some of this 
material rolled along the disturbed area and reached the natural 
dam (7 km away) formed by the previous slides. 

A large-amplitude phase arriving 70 s after the onset, which 
was Observed on the HUA and NNA short-period seismograms, 
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points to the impact of the original slide material on the Mantaro 
canyon, 3.5 km from the Mayunmarca terrace’s middle point. 
This arrival time suggests an average mass-displacement veloc- 
ity of 180 kmh™’. 

The kinetic energy developed during the landslide, using an 
average slide velocity of 180kmh™’, a material density of 
2.7 gcm™*, and a total volume of 1,300 10° m’, was about 
4.4 x10” erg. Using the same physical dimensions as those of 
the material involved in the landslide, and the distances shown in 
Fig. 2, the potential gravitational energy of the Mantaro 
landslide is of the order of 10” erg. 

The energy radiated as sciamic energy, E, was calculated from 
local-station seismograms using the relation’®: 


log E = 11.72+1.68 M, (1) 


The magnitude values, M,, were calculated from standard 
equations’’. 

The values for M, and E that correspond to the maximum 
amplitude phases generated by the Mantaro landslide are 3.6 
and 6.3 x 10” erg, respectively, from long-period records, and 
3.9 and 18.710" erg, respectively, from short-period seis- 
mograms. 

The M, value obtained from a BDF long- -period seismogram 
is 4.1, yields an elastic energy of 8.9x 10? erg, as computed 
from the Gutenberg—Richter’* energy—magnitude relationship. 
This value is in agreement with the energy values obtained from 
local-station seismograms. 


Fig.3 Long-period seismograms of the landslide of 25 April 1974 
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The above results show that seismic energy generated by the 
1974 Mantaro landslide was of the order of 10'* erg, with a 
corresponding M, = 4.0. Therefore, the radiated seismic energy 
is about four orders of magnitude less (0.01% ) than the kinetic 
energy developed during the landslide, which in turn is about 
two orders of magnitude less (1.0% ) than the potential gravita- 
tional energy. 

The Mantaro landslide is one of the first large landslides to 
have been widely recorded by several seismic observatories, at 
local and teleseismic distances. These recordings made cal- 
culation of some of the landslide’s physical parameters possible. 
A complete analysis of the seismograms and a detailed inter- 
pretation of the landslide mechanism, assessed from such 
analysis, is In progress. 

We thank R. Page, E. Dobrovolny, R. Bucknam, R. Fleming, 
and J. Healy for critical reviews of the manuscript. 
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Volcanics from 
the Sierra Leone Rise 


THE Sierra Leone Rise, located in the east equatorial Atlantic, 
forms a discontinuous chain of seamounts as shallow as 2 km 
extending with a general NE~SW trend from near the Sierra 
Leone coast of Africa, to the St Paul fracture zone near the 
Mid-Atlantic Ridge (Fig. 1). The origin of this feature has 
remained a topic of discussion. Sheridan et al.' have hypoth- 
esised that the Sierra Leone Rise is a volcanic structure formed 
at the beginning of the opening of the Atlantic in the early 
Cretaceous period. The twin features of the Sierra Leone and 
the Ceara Rises are probably of oceanic origin and were created 
80 Myr ago or later in their present-day position with respect to 
Africa and South America’. The Atlantic ocean exhibits several 
similar aseismic structures which appear symmetrically oriented 
with respect to the mid-oceanic ridge, such as the Walvis—Rio 
Grande Rise and the Iceland Faeroes—Iceland Greenland 
Ridges. These structures are volcanic edifices having a composi- 
tion similar to that found in their associated islands? ”. Deep sea 
drilling of the Ceara Rise”? penetrated a basaltic basement of 
the upper Cretaceous period (Maestrichtian) (Leg 39, Site 354). 
Similarly, a DSDP hole (Leg 41, Site 366) on the Sierra Leone 


IRAR BALTRII I SS ASOT OO 


Nature Vol. 275 12 October 1978 


Rise, penetrated sediments of the same period, without reaching 
basement'’. We report here the discovery of alkali-rich vol- 
canics in an area of the Sierra Leone Rise. The sediment 
overlying the rock fragments is aged ~45 Myr. 

During the Romancha cruise of the RV Jean Charcot in 
December 1977 we studied the south eastern slopes of the Sierra 
Leone Rise, near DSDP Site 366, with the objective of sampling 
crustal material (Fig. 1). From a detailed bathymetric survey, 
using a multichannel narrow beam echo-sounder, it was possible 
to locate the best existing outcrops for dredging. However, 
despite this, our dredging operation proved unsuccessful, mainly 
because of the topography of the area surveyed, which consists 
of gently rolling sediment-covered hills having slopes of <16°. 

A sediment core (1.6 m long) was taken in the same area (lat 
05°14.9' N; long 20°15.1' W) as the site of the dredging (Fig. 1). 
This core was recovered from a depth of 2,720m near the 
summit of a seamount, which appeared to be the site of 
important erosional processes resulting from bottom currents 
(Fig. 2). This core penetrated a sediment veneer and entered a 
highly altered basement. The upper levels in the core (0-67 cm) 
are upper Pleistocene to Holocene in age (NN21-—N23) with 
extensive reworked material as old as middle Eocene, especially 
from 25 to 67 cm. Despite some disparity between the nanno- 
fossil and foraminiferal record, only the Oligocene appears 
absent. From 67 to 110 cm. the ages range from upper to middle 


Table 1 Chemical analyses of material collected from a piston core 
(CH 77-07) from the Sierra Leone Rise 


Clay-like 

fraction Feldspar in rock fragment 

(wt %)} Phenocryst Microphenocryst 
SiO, 40.95 59.7 64.6 
Al,O, 11.46 25:7 22.4 
Total Fe as FeO 7.73 0.24 0.3 
MnO 0.16 — ~ 
MgO 2.9] m on 
CaO 3.93 Ted 3.1 
NaO 4.03 6.4 9.0 
K-O 2.76 0.15 0.6 
TiO, 1.94 — — 
P-O; 2.03 _ -— 
HO- 15.38 — _ 
H O* 6.12 — m 
Total 99.4 99 89 100.0 
Molecular = OF; 9 aDs6 7 OT7 3 aby 6 

composition angi annie) 


The small clay-like section matrix made up mainly of smectite and 
zeolite was analysed by X-ray fluorescence (P. Cambon and J. Etou- 
bleau). The minerals were determined by energy dispersive analysis of X 
rays. 


Eocene (about 45 Myr BP) with some upper and middle Paleo- 
cene (60 Myr BP) foraminifera observed. From 110 to 130 cm, 
the sediment is a foraminiferal chalk epigenised to apatite. The 
biogenic elements include fish remains and unidentified casts of 
foraminifera. Below 130 cm no biogenic elements are observed. 

The change in mineralogy corresponds to the stratigraphical 
limits encountered in the core: from 0 to 67 cm depth in the core, 
the known carbonate fraction comprising about 15% of bulk 
material consists mainly of kaolinite with some smectite and 
quartz. At 67-110 cm the smectites forming the main consti- 
tuents of this level are associated with well-crystallised zeolite of 
the heulandite type. This latter material is volcanic in origin. 
Apatite occurs in the lower section of the core at 110 cm. The 
contact below 130cm is made up of a thin (<0.3 cm) iron 
manganese lamina overlying a green brecciated clay-rich 
material. This material consists mainly of soft green clay aggre- 
gates intermixed with reddish brown abundantly altered and 
highly vesicular rock fragments, and scattered grains of clino- 
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Fig. i Bathymetric map of the Sierra 
Leone Rise from Uchupi'* showing 
the location of the core CH 77-07 and 
of the Deap Sea Drilling hole 366°”. 


pyroxene and feldspar with sharp crystalline boundaries. The 
small fraction is formed of well-crystallised smectite, and two 
types of zeolites, heulandite and phillipsite, are also present in 
smaller amounts. This small clay-like fraction has a mean 
composition relatively high in silica (41%), and a high total 
alkali content (NaO = 4%, K,O = 2.8%) (Table 1), which is 
compatible with the mineralogy. The relatively high P0; 
content (2.0%) reflects the presence of apatite needles. 

The type of mineral association (pyroxene, feldspar, apatite, 
smectite and zeolite) is also encountered in the rock fragments 
(~3 cm diameter) found within the material recovered. These 
rock fragments consist of early-formed feldspar set in an altered 
ferrugineous matrix containing pyrite, apatite and tiny laths of 
parallel oriented feldspar indicating a trachytic textural feature. 
The feldspars in the rocks are tabular with faint twinning and do 
not show any signs of secondary replacements. The groundmass 
is reddish brown due to the extensive alteration, with iron oxide 
material and smectite being the main alteration minerals 
encountered. Scanning electron microscope observations show 
that the zeolites developed in situ in geode-like structures. 
Because of the extended degree of alteration in the groundmass, 
the chemical analyses of the latter did not give any indication of 
the nature of the rock. However, microprobe (EDAX) analyses 
of the unaltered feldspar suggest the alkaline character of the 
samples. 

The composition of the feldspar is indicated in Table 1 and 
shown on a ternary diagram (or—ab—an) in Fig. 3. The potassic 
and the sodic (or, 9 abs6.7 an41.4—OT7 3 ab76.6 aNy6.,) nature of the 
feldspathic phases differs considerably from that found on the 
accreting plate boundary of the Mid-Atlantic Ridge (Fig. 3). The 
molecular percentage of orthoclase in the feldspar from the 
MAR basalts is insignificant’? when compared with that of the 





Sierra Leone Rise. However, there is a similarity in the 
composition of the Sierra Leone Rise (Fig. 3) feldspar to the 
alkaline volcanic series from oceanic islands (such as Hawaii, 
Saint Helena and Gough islands} (Fig. 3). In addition, the 
mineral composition and the textural features of the rocks from 
the Sierra Leone Rise suggest the trachyandesite type of vol- 
canism encountered on the Walvis Ridge*. The feldspar 
analysed from the Walvis Ridge alkali basalt (sample WD 3—4)is 
also of a potassic nature (Orgy abgs.9 Antso 10ra 4 ABog 6 ANgo a) like 
that from the Sierra Leone Rise (Fig. 3). 

In conclusion, both the study of the clay fraction and the rock 
fragments demonstrate that we have sampled an extremely 
weathered volcanic outcrop near the top of one of the seamounts 
of the Sierra Leone Rise. This outcrop is covered by a thin 
intensely reworked carbonate ooze including Eocene to 
Palaeocene fauna, overlying a phosphate epigenised foramini- 
feral chalk of unknown age. This suggests that the last eruptive 
phase recorded in the sampling area occurred 45 Myr BP, and 
gave rise to fractionated volcanics of an alkaline nature. 


Fig. 2 A profile drawn from a multichannel narrow beam survey 
chart made in the sampled area located near station CH 77-07 on 
the Sierra Leone Rise. 
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An ophiolite complex of probable early 
Caledonian age discovered on Karmøy 


THE existence, in the Lower Palasozoic sequence of western 
Norway, of a major ophiolite complex which is outlined here is 
shown best on the island of Karmøy, western Norway. Our 
preliminary interpretation is that the ophiolite complex was 
thrust into position during the Grampian phase of the Cale- 
donian orogeny, although it has probably been subsequently 
displaced during the end-Silurian phase of that orogeny. 

It is clearly established that the allochthonous Caledonian 
sequence of western Norway consists of two major complexes, 
with different tectono—metamorphic evolution, separated by a 
major stratigraphic unconformity of middle/upper Ordovician 
age’. The older complex shows the more involved tectono— 
metamorphic history and in many areas was subjected to strong 
retrogression during the end—Silurian phase of the Caledonian 
orogeny. The main metamorphism and deformation of this older 
complex has been correlated with the Grampian deformation in 
the Scottish and Irish Dalradian*”’. Within the older sequence, 
thick piles of submarine metabasalts are widely developed. They 
show pronounced geochemical similarities to ocean-floor 
basalts, and have been presumed to relate to ridge spreading 
in a proto-Atlantic ocean*”’. The metabasaltic sequences may 
be of considerable thickness and in many areas are associated 
with intrusive cumulate gabbros, trondhjemites and minor 
developments of serpentinised peridotites. This has given rise to 
speculations on the possible ophiolitic affinities of the assem- 
blage*. However, none of the previously described sequences 
demonstrate a fully developed ophiolite stratigraphy. Indeed, in 
many areas, such as the Bergen Arcs’”, the thick submarine 
metabasalts and their associated intrusive rocks lie strati- 
graphically above a considerable thickness of metasediments. 

Our recent investigations in the Karmøy region have revealed 
the presence of a cross section through a major early Caledonian 
ophiolite complex, which we call the Karmøy Ophiolite. The 
basal contact of the ophiolite is exposed on the Haugesund 
peninsula and represents a low angle thrust. On Karmøy the 
ophiolite sequence is truncated by a major stratigraphic uncon- 
formity (Figs 1 and 2) beneath the Skudeneset Group of 
middle/upper Ordovician age. The ophiolite contains a tri- 
partite stratigraphy in ascending order as follows. 

Zone III: a lowermost plutonic zone comprising layered 
gabbroic and ultrabasic: intrusions together with minor 
developments of trondhjemites, and cut by later basic dykes. 
The gabbroic and ultrabasic rocks represent a polyphasic series 
of intrusions and are in many cases well banded cumulates. 


| Observations of structures in the cumulate sequence show 


consistent upward younging. These rocks and the associated 
trondhjemitic intrusions contain eviderice of successive phases 
of high temperature deformation before the emplacement of a 
major linear steeply inclined dyke swarm of metabasalts and 
diabases which extends into the overlying submarine metabas- 

altic pile. This pattern, of pre-dyke deformation is analogous 
with described occurrences fror the Oman ophiolite’’, and the 
Bay of Islands ophiolite’*~*. At the top of this plutonic zone the 
dyke swarm becomes a sheeted dyke complex, well exposed at 
the Airport, and we refer to this as the Lufthavnen sheeted dyke 
complex. This attains in places 100% dyke rock with only minor 
disconnected screens of wall rock. These screens are of gabbro in 
the lower part of the sheeted dyke complex. Screens of gabbro 
are not found in the upper parts, but gradually it becomes 
possible, as the sheeted dykes become less dense, to distinguish 
screens of pillowed metabasalt. In places, however, the contact 
with the overlying pillow sequence is complicated by later 
faulting. The ‘dyke swarm observed in the plutonic zone 
increases in density up towards the true sheeted dyke complex. 
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Flg.1 Simplified geological map of Karmøy showing distribution 
of major units. 


Zone I: above this a >2 km thick sequence of greenstones 
occurs which contains both pillowed and massive flow units of 
metabasalt, with irregularly developed hyaloclashtes. The rocks 
within this zone show varying intensities of deformation, ulti- 
mately producing greenschists from the basalts, although where 
way-up structures have been observed they show consistent 
younging away from the lower plutonic zone III. In the upper 
part of the metabasalt column, horizons of greenschists, which 
may represent volcaniclastic materials, and irregular jasper 
layers and bedded cherts are intercalated with metabasalts. 
Dyke rocks similar to those observed in zone [II also cut the 
metabasalt sequence, but diminish in intensity upwards. Several 
examples have been observed where such dykes feed individual 
flow units, and we conclude that the dyke swarm represents the 
feeders to the lava pile. 

Zone I: overlying the metabasalts of zone II, and preserved in 
a large secondary synform, there occurs a sequence, several 
hundred metres thick, consisting of ribbon cherts, bedded 
jasperites, black schists, greenschists which may be of vol- 
caniclastic origin, minor calcareous horizons and in the lower 
part, thin flow units of pillowed basalts. The main schistosity is 
related to upright F; folds with subhorizontal northwesterly 
trending axis and an associated steeply dipping northwesterly 


Fig. 2 Idealised profile wWlustratng the relationships of the 

Karmøy Ophiolite; the rocks of the Skudeneset Group, though 

folded, are drawn horizontal. In zone IM, nos 1-4 indicate the 
polyphasic nature of the plutonic assemblage. 
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trending axial planar schistosity. The rocks of zone I are consi- 
dered to represent a series of pelagic sediments. 

We consider that the zonal sequence I-III described above 
represents, respectively, layers 1, 2 and 3 of a typical cross- 
section through oceanic crust. Massive sulphide deposits (Cu, 
Ni) occur on Karmøy and the neighbouring small islands, though 
as yet no podiform chromites have been observed in the serpen- 
tinised peridotites. 

It is not possible, at this stage to provide a precise age for the 
thrusting (obduction) of the Karmøy Ophiolite on to the Baltic 
Shield, although by analogy with other Caledonian ophiolite 
complexes in the North Atlantic region, that is, the Girvan’* and 
Newfoundland complexes”, it may be of lower Ordovician age. 
The Karmøy Ophiolite, having been both deformed and 
metamorphosed in greenschist facies, was then intruded by the 
rocks of the West Karmøy Igneous Complex’*. This latter is a 
late syntectonic complex of granitic and dioritic rocks with at 
least five major phases of intrusion. Preliminary Rb/Sr whole 
rock isochron studies indicate that late granodioritic dykes have 
an of ~450 Myr AS’ Rb=1.39="' yr“) with an initial 
*’Sr/"*Sr of 0.7210. The obduction af the Karmøy Ophiolite, on 
to the Baltic Shield, is considered to have occurred before the 
emplacement of the West Karmøy Igneous Complex, and thus, 
the date obtained for the granodioritic dykes provides a mini- 
mum age for ophiolite obduction. The presence of highly assi- 
milated gneiss xenoliths in some of the granitic rocks, and the 
high initial *’Sr/“Sr ratio of the grenodioritic dykes, implies a 
continental crustal source for the West Karmøy Igneous 
Complex, beneath the ophiolite. It is thus speculated that the 
granitic and dioritic magmas originated through partial melting 
in the downgoing continental plate of Baltic Shield crystallines, 
perhaps in relation to the active translation of the ophiolite slab. 
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The source of chert for aboriginal 
artefacts in southwestern Australia 


ABORIGINAL chert artefacts abound in surface assemblages 
along the western margin of southwestern Australia north of 
Perth, but no local source of chert is known. The decrease in 
proportion of chert in assemblages further from the coast has 
been used as evidence of a westerly source on the present 
continental shelf but no data have been provided to show that 
this source is practical. Recent drilling by oil companies offshore 
in the northern Perth Basin has now shown that chert occurs at 
depths within reach of the last glacial sea level low and that the 
postulated source is not only reasonable but highly probable. 

Chert is favoured over other materials because of its hardness, 
and conchoidal fracture which make working of edges and 
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Fig. 1 Occurrence of Eocene chert artefacts (cross hatched area) 
in relation to the Precambrian Shield area (crosses) in southwestern 
Australia. 


points simple, and because the products are durable. Several 
recent papers’~ have discussed the distribution of the artefacts 
including the aspect of source because no similar chert is known 
in outcrop in. the Perth Basin. Glover and Cockbain’ showed 
that the chert is of Middle and/or Late Eocene age on the basis 
of the characteristic benthic foraminiferid Maslinella chapmani 
Glaesaner and Wade. 

Chert, identical to that found north of Perth, occurs as arte- 
facts in sediment dated at 12,000-17,000 yr BP from the 
excavations at Devils Lair on the southwestern tip of Western 
Australia? and more recently’, chert as recent as perhaps 
4,500 yr BP has been discovered at Walyunga, close to Perth. 
The former age in particular corresponds closely with the last 
glacially induced sea level low estimated at about 105 m below 
modern sea level’, after allowing for hydroisostatic depression 
of the continental margin. New data have become available from 
examination of sediments from four wells offshore in the Perth 
Basin (Fig. 1}—Challenger No. 1 (WAPET, 1975)*, Rottnest 
Island Bore (W.A.Govt. 1913)*, South Turtle Dove No. 1 
(WAPET, 1975) and particularly Gun Island No. 1 (BP- 
1968)°—whose Cainozoic stratigraphic sections are shown on 
Fig. 2. Challenger No. 1 and Gun Island No. 1 both contain Late 
Eocene sections of cherty limestone of P15/P16'°" age sedi- 
ments, that from Gun Island also containing Maslinella chap- 
mani, Rottnest Island Bore contains a Middle Eocene section 
#1213 without chert but South Turtle Dove has Middle Eocene 
limestone with chert equivalent in age to sediments in the 
Rottnest Island Bore. The Middle Eocene sediments in the 
Rottnest Island Bore and South Turtle Dove No. 1 represent 
deposition during a Middle Eocene interval of high sea level, a 
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different transgression from the Late Eocene’® sea level high 
indicated by the sediments in the other two wells and else- 
where". Thus the most likely source of artefacts, if outcrop 
occurred, would be the Late Eocene unit, although Middle 
Eocene cherty limestone cannot be ruled out as an additional 
source. 

The most significant section is that encountered in Gun Island 
No. 1. The uppermost sample’ recovered from this well was a 
core (Core No. 1) which contains an excellently preserved fauna 
of Late Eocene planktonic foraminiferids, including Globi- 
gerinatheka index index (Finlay), Globorotalia cerroazulensis 
(Cole), Globigerina tapuriensis Blow and Banner, G. gortanil 
praeturritilina Blow and Banner, G. udlisindex Jenkins and Orr, 
and Pseudogloboquadrina primitiva (Finlay) which indicate a 
Late Eocene age (P15/16)'’. This material was originally 
identified as Late Miocene in age’. It occurs at 131 m below sea 
level and probably extends higher. The base of the Late Eocene 
section is at 228 or 252 m below sea level, the doubt hinging on 
the age of two undated samples at 246 and 252 m below sea 
level. Somewhere above the Eocene section is some Miocene, 


“ak 


Fig.2 Perth Basin sections with Middie-Late Eocene rocks. 


required to explain the presence of Lepldocyclina in cutting 
samples from deeper in the well. 

In consequence of the discovery of Middle-Late Eocene 
cherty sediments in several localities west of the present coast- 
line, and at depths within reach of known Quaternary sea level 
depressions, it is clear that outcrops of these sediments occurred 
on the present inner continental shelf during the last glacial sea 
level low and that these provided the source of chert for abori- 
ginal man’s artefacts. A westerly source is also indicated by the 
higher proportion of chert in artefact collections taken from 
near the present coastline, the proportion decreasing eastward’. 
A westerly source has been su and the results o 
drilling Challenger No. 1 reported", but the results from Gun 
Island No. i are much more relevant to the problem and 
convincing in proving the source. Searching the continental shelf 
of Australia and elsewhere will reveal other evidence of pre- 
historic man’s presence. As the Eocene is recognised as an epoch 
whose sediments commonly contain chert™, it behoves scientists 
working on passive continental margins, particularly adjacent to 
areas of low rainfall and runoff, such as southwest Africa, to be 
aware of the possibility of the outcrop of Eocene chert during 
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intervals of low sea level, and of finding evidence of prehistoric 
human habitation on the present shelf during times of low sea 
level. 

i thank Dr M. A. J. Williams for criticism, West Australian 
Petroleum Pty. Limited (WAPET) for permission to quote the 
results of South Turtle Dove No. 1 and the Geological Survey of 
Western Australia for the loan of samples from Gun Island No. 1 
and the Rottnest Island bore. 
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Why do we not perceive photons? 


VERY few photons need to be captured by the receptors of the 
human eye to excite a sensation of light. The number required is 
certainly no greater than 100 and may be much less’. A single 
rod requires only one photon to signal light’. A question which 
therefore arises is why do we not see punctate photon absorp- 
tions when we look at a very dim patch of light? The retina 
catches incident photons only sporadically in time, and therefore 
in space, when a source is very dim. If very few photons are 
sufficient to detect light, it might be expected that we should see 
isolated flashes of light, so that a patch of light appears mottled 
or speckled. Indeed, if a dim object is viewed on the screen of a 
cascaded image intensifier, so that each quantum caught by the 
cathode is amplified, we do see quanta as individual flashes or 
specks on the display phosphor’. This apparent contradiction 
creates a physiological problem ignored in most standard text- 
books on vision although the issue has been raised**. We report 
here a possible solution; we have observed point sources of light 
set up one at a time very rapidly and at random by computer 
within a square patch on the face of an oscilloscope and find that 
as the luminance of the point sources is decreased the number of 
specks seen increases markedly, and that the appearance of 
motion, due presumably in the first place to the effect of the 
chance sequences of specks on motion-sensitive neurones, 
becomes weaker. We propose that at or near the threshold, the 
number of specks seen increases to infinity so that the specks 
crowd together to appear uniform and so the motion ceases. 
To test this, after becoming adapted to the dark, we viewed 
the oscilloscope through a neutral density wedge. Although 
persistence on the oscilloscope phosphor is brief, a collection of 
points of changing distribution but constant mean number 
appears continuously in view. This reflects the operation of 
storage mechanisms in vision which prolong the visibility of each 
speck. The number of specks visible to the observer provides a 
measure of the time constants involved. In a dark room the 
wedge filter was first set so that nothing was visible. Then it was 
adjusted until the shape of the square patch on the screen was 
just continuously discernible. At this level of luminance it was 
also possible to identify correctly dark shapes (a circle, a square 
or a triangle, each of which was one-quarter the area of the basic 
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square patch) in front of the screen. The display looked uniform 
and devoid of motion, although no more than one light point was 
being displayed on the screen at any instant. 

Now a uniform patch was generated filling the area where the 
point display had been. A switch enabled us to interchange the 
point and uniform display. At the threshold for shape 
identification, the uniform patch could not be distinguished from 
the random point display. 

If the luminance of the point display was again increased, 
mottled blobs were seen moving around sluggishly; no indivi- 
dual points could be resolved. The display then looked quite 
different from the uniform display at any luminance. A further 
small increase in luminance changed the appearance of the patch 
to a very large number of small discrete points each agitatedly 
jumping about. The transition from mottled blobs to sharp 
discrete points occurred over a small range of luminance. As the 
luminance is raised further to very high levels, the number of 
specks perceived decreases, each speck appears brighter, and 
movement becomes less agitated. 

These changes in number, motion and texture are so dramatic 
that a naive observer is astonished that nothing about the display 
has changed except the luminance, over which he has personal 
control. 

In further experiment, points were plotted at random in 4 
rectangular patch, but every few seconds, four points, arranged 
to form a square, were displayed, each once only, alongside the 
rectangular patch. The four points were each of the same 
luminance as those plotted at randem within the rectangular 
patch. As the luminance decreased the isolated four points were 
visible only sporadically. Sometimes all four might be seen, 
sometimes none were seen, and sometimes a random subset was 
seen. The rectangular patch was seen.as uniform only if we could 
never see any one of the four isolated points. 

This finding implies that pojnts are additive in their effects at 
the luminance levels where the patch presents a uniform 
appearance. Individual points on their own emit too few photons 
ever to be visible as specks. Persistence of individual points, 
perceived as specks, therefore does not expiain the impression 
of uniformity: another effect is involved. A clue to this addi- 
tional effect is provided by close observation of the four isolated 
points near threshold. Each point, if visible at all, varies on each 
appearance, in size, from a small spot to a large globule, and in 
orientation, sometimes being elongated along one axis, some- 
times along another. 

Pirenne and Denton? suggested that at the threshold for 
vision, the number of quanta required for a sensation of light 
may be the same for detectors which respond to the activity of 
different groups of receptors. If so, it will be those detectors with 
a greater catchment network of receptors which will be most 
likely to respond when the light is least. It is also these same 
detectors which are most likely to respond to quanta caught 
from two or more point sources in different places, as they 
encompass a larger number of receptors. The functional 
organisation of the retina will seem tc change, when, in reality, 
all that has happened is that certain detectors are now favoured 
by the circumstance of occasional quantum emission. 

Considerable evidence, both psychophysical and neurophy- 
siological, suggests that vision is organised into channels’ speci- 
alised for size, and, independently, orientation". Our obser- 
vation of variation in appearance of single points of light near 
threshold is consistent with the assumption that sometimes one, 
and sometimes another, of such channels are by chance obtain- 
ing a sufficient quantum catch to repert on the appearance of a 
single spot of light. An analogous effect of variable appearance 
in the orientation of short lines was reported by Andrews’. 
Those channels which report a larger size are, of course, 
favoured. 

The appearance of uniformity both of a uniform surface in 
clear light and of a surface made of kinetic points appearing at 
random, seems to be the combined result of two effects. One isa 
prolongation of the impression made by quanta caught in either 
case. The other is a consequence of the organisation of the visual 
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system into detectors arranged to catch larger patterns of light as 
the number of quanta caught becomes more sparse. It is perhaps 
fortunate that our visual system has been so designed as to 
present uniform surfaces to us as uniform at these low photon 
levels. If this were not so, surfaces would dissolve in the night 
into collections of scintillating spots, and the shower of photons 
from the dim night-sky would obscure the perception of the star 
formations. 

An incidental observation was that any of the four individual 
points in the last experiment could seem to vary in depth, as well 
as in size and orientation, when observed with both eyes. This 
effect is presumably due to random stimulation of different 
disparity detectors at these low light levels. 

We acknowledge the assistance of Mr Clive Hood. J.R. held 
a Commonwealth Fellowship at St John’s College, Cambridge, 
during this work. 
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On feeding on more 
than one trophic level 


IN trying to understand the structure of ecological communities, 
ecologists usually pay particular attention to the interactions 
between pairs, or small groups of species’. Questions about the 
‘shape’ of the food webs within which these species are embed- 
ded are much more rarely asked™*. For example, what happens 
when a population feeds at more than one trophic level 
(omnivory)? In some real food webs there seem to be no 
omnivores (Fig. 1a)’; in others omnivores are common®”’ (Fig. 
ic)®. In this note we attack the problem of omnivory using 
simple, linear Lotka—Volterra models of food webs’, and show 
that certain patterns are much more likely to persist on an 
evolutionary time scale than others. We then compare the model 
predictions with real food webs. 

Consider a system of n interacting species described by 
equations of the form 

<= x(6,+ E aX) (1) 

dt j=) 
where X; is the population size and b; the instantaneous rate of 
growth of the ith species, and ay is the per capita effect of the jth 
species on the ith species. We used equation (1) to construct 
model food webs, using as our criterion for realism the notion 
that ecologically feasible models must be locally stable™*’, and 
that a rapid return to equilibrium enhances stability™’. 

For models with four species and four trophic levels there are 
eight possible configurations (Fig. 2). These are distinguished by 
the ‘rank of omnivory’, which is the number of predator-prey 
interactions in excess of those in the model with no omnivory, 
and by the position of these interactions. Matrices, with sign 
configurations corresponding to these models were analysed 
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numerically to determine their maximum eigenvalues (A max), 
their stability [Real (À max} < 0] and their relative return times to 
equilibrium, RT, defined by 


1 
Real (A max) 


The elements of the matrices were chosen uniformly at random 
with 1,000 replications over three sets of parameter limits, 
labelled ‘vertebrate’, ‘vertebrate/insect’, and ‘parasitoid’, 
respectively. 

(1) Vertebrate: The off-diagonal elements of the matrices are 
the products of the per capita effect of the prey on the predator 
multiplied by the predator’s equilibrium density or the per capita 
effect of the predator on the prey multiplied by the prey’s 
equilibrium density (a, *). When predators are larger than 
their prey the effect of the predator on the prey will be much 
larger than the converse and the predator’s density will be 
smaller than that of its prey. The elements corresponding to the 
predator’s effect on the prey will therefore be of much greater 
absolute value than the converse; we chose values on the 
interval of (—10, 0) for the former and (0, +0.1) for the latter for 
this set of models. (Note that very large, invertebrate predators 
(such as starfish) and their prey will also fall into this category.) 


RT= A max < 9 


Fig. 1 Diagrammatic representation of three natural food webs. 
a, Relationships between insects feeding on Pine’. b, A simplified 
representation of the interactions between intertidal gastropods, 
pelecypods and their prey . Interactions accounting for less than 
20% of the predator’s diet have been omitted; without this 
simplification omnivory is common in this web. c, Part of a 
simplified insect host~parasitoid web on a single food plant”. 
Omnivory is common in such webs. 
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(2) Vertebrate /insect: The per capita effect of an insect feed- 
ing on a tree is very small, the converse very large. For this set of 
simulations we chose the interval of the effect of trophic level 
one on two to be (0, +10) and the converse to be (—0.1, 0). The 
remainder of the interactions were as (1). 

(3) Parasitoid: Here, interactions between trophic levels one 
and two were as in (2). The remainder were chosen to mimic 
insect host-parasitoid interactions’, in which the equilibrium 
population sizes of host and parasitoid may be more similar than 
in (1), and the per capita effect of the host on the parasitoid ts 
large (one host frequently gives rise to one parasitoid). The 
reciprocal interactions were therefore assigned similar magni- 
tudes, on the intervals: parasitoid on host (—1, 0), host on 
parasitoid (0, +1). 

In all the models, the diagonal elements for the heterotrophic 
species were zero, implying that each species in the chain (except 
the first) was ultimately limited only by the abundance of food in 
the preceding trophic level and not, for example, by behavioral 
conventions'*’*. The species at the base of each food chain 
(plants) were self limited, with coefficients distributed on the 
interval (—1, 0). 

The option of choosing Jacobian entries directly over the 
more frequent choice of the b, and the a; has several advantages. 
Rates of increase and decrease in the absence of all other species 
(b;) are very difficult for us to visualise; the equilibrium popu- 
lations (X* ) and the effects of predators on prey and vice versa 
(aj) are much more obvious, Our models necessarily have 
positive X7, as the Jacobian entries and the a; have exactly the 


same signs. Thus we do not need to calculate the X* from the b; 


and the a; check their positivity and then calculate the Jaco- 
bian; the savings in computation are quite considerable. 

For the three sets of eight models, the percentage of unstable 
models and those stable models with return times in excess of 
100 are shown in Table 1. Note first that as the rank of omnivory 
increases, the percentage of unstable models increases, but for 
the subsets that are stable, the percentage with long return times 
generally decreases. These effects work in opposition to one 
another, so that in the real world, feasibility could either 
increase or decrease with rank. However, for the vertebrate and 
vertebrate /insect models, very few matrices were stable for rank 
greater than one. Second, models of rank one differ in their 
feasibility, depending on how many levels are spanned by the 
predator. While over 9% of the vertebrate and verte- 
brate/insect models are stable when the predator feeds on levels 
one and two, or two and three, less than 4% of the models are 


Table 1 Stability of 1,000 random food webs of each type, constructed 
according to the range of parameter values specified in the text 


Percentages of unstable models 


Position Models 
Rank of (species Vertebrate / 
omnivory linked) Vertebrate insect Parasitoid 
0 a 0 0) 0 
1 1-3 8} 78 40 
2-4 91 91 68 
1-4 96 96 51 
2 1-4 & 2-4 98 98 59 
1-3 & 2-4 97 97 74 
1-4 & 1-3 99 99 50 
3 1-3, 1-4, & 2-4 100 100 72 
Percentages of stable models with return times > 100 
TT 44 41 42 
1 1-3 21 22 19 
2-4 11 13 19 
1-4 47 46 38 
2 1-4 & 2-4 — _ 11 
1-3 & 2-4 — — 13 
1-4 & 1-3 oe 13 
3 1-3, 2-4, 1-4 — — 13 





Percentages are given to the nearest integer. 
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Fig.2 Theoretical food-chains. a, Without omnivores; b—d, with 

one omnivore-link; e—g, with two and 4, with three omnivore links. 

The species at the base of each food chain (plants, level 1} are 

self-limiting. These food chains can bemodelled using equations of 
the form specified by equation (1). 


stable where a predator feeds on levels one and three. In these 
latter models a high percentage also have long return times. 
Third and last, although vertebrate and vertebrate/insect webs 
show almost identical patterns, the parasitoid webs are generally 
much more stable though their retarn times are comparable. 
High ranking omnivory is relatively easily attained in these 
webs, 

Increasing the rank of omnivory imthese models also increases 
connectance with its well known effect on decreasing stability. 
However, it is important to investigate the precise restrictions on 
web shape that low connectance implies. We show elsewhere“ 
that our results still hold if the effectsof increasing omnivory and 
connectance are changed independently. 

Bringing these results together, we predict that webs with 
large numbers of omnivores (high ranking omnivory) will be rare 
in the real world, except in insect host~parasitoid systems (or 
other groups of species with comparable interaction coefficients 
and equilibrium population sizes). We also predict that it will be 
extremely rare to find species that feed simultaneously both high 
and low in a food web. 

Using data on 19 food webs from tropical, temperate, aquatic 
and terrestrial systems accumulated by Cohen’? we examined 58 
food chains with three or more trophic levels. Of these, 24 had 
no omnivores, 23 omnivory of rank one, and 11 of rank two or 
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more. At first sight, 11 webs with high-ranking omnivory is more 
than might be expected on the basis of our models. However, an 
examination of the 11 webs showec that in three cases the 
omnivory was associated with gross lumping of categories 
(invertebrates, insects and zooplankton), and hence is probably 
an artefact of the data (because species that are otherwise similar 
but which feed at different trophic levels are grouped together). 
Consideration of the remaining webs also highlights a more 
fundamental problem—the difficulty of distinguishing between 
links in real food webs that significantly depress the populations 
being fed upon (controlling links, as in the models) from those 
that do not. Inclusion of the latter inevitably leads to omnivory 
(and connectance in general”) being overestimated. This may be 
compensated for in part by discounting links that provide only a 
small percentage of an omnivore’s diet. Thus, omitting links that 
make up less than 20% of the prey items taken by omnivores in 
Paine’s® study of a very complex intertidal community, yields a 
simplified web with only one omnivore (Fig. 15). Similar results 
are obtained for the other communities studied by Paine’®. 
Unfortunately, there are no data available which permit us to 
analyse the remaining food webs with high ranking omnivory in 
the same way, and we cannot tell what proportion of the 
omnivorous links in these webs is also important. 

These difficulties aside, our other predictions seem to be 
supported by the data. Thus, of the 23 chains with omnivory of 
rank one, only one involves a species which feeds on trophic- 
levels one (plant) and three (animal) (as in Fig. 2d). The 
remainder feed on consecutive trophic levels, either one and two 
(Fig. 2b) or two and three (Fig. 2c). This distribution is 
significantly different from random (P < 0.01), and supports our 
second prediction. [Of the 65 omnivores examined, 30 fed on 
levels two and three (both animal) and 35 fed on levels one and 
two, suggesting that dissimilarity in diet alone is not sufficient to 
explain the rarity of 1-3 links.] 

Only one of Cohen’s webs involves insects’, and it was one of 
the simplest analysed (Fig. 1a). However, several highly 
complex insect-parasitoid webs have also been reported’*, and 
it is at least encouraging to see very complex webs developing in 
the real world in exactly those situations which our models 
predict are feasible. Figure 1c shows an example. Even after 
making allowance for the fact that some of the links are minor, 
such webs tend to be more complex than nonparasitoid webs. 
Facultative hyperparasitism (omnivory) is particularly common 
in this group of animals’"7"*. 

Obviously there are weaknesses and omissions in most of the 
published data on food webs, and there are reasons other than 
population dynamics making omnivory difficult. For example, 
some species must be prevented from feeding at more than one 
trophic level by the markedly dissimilar types of food found in 
each, and some of the differences that we have observed 
between vertebrate and parasitoid webs may arise because of 
the peculiar mode of nutrition adopted by insect parasitoids. 
Comparisons between vertebrate and insect webs are also 
biased by the tendency for vertebrate ecologists to exclude true 
parasites from consideration. (When a fox eats a rabbit, it also 
eats the rabbit’s parasites.) This is an unfortunate omission, 
because internal parasites influence the dynamics of their hosts 
far more than has generally been realised’”””. 

Omnivory in the way that we have modelled it can be 
generated by several different biological processes: by indivi- 
duals which seek out prey from different trophic levels at one 
stage in their life history (conventional omnivory); by different 
age-classes of one species feeding on different foods (or hosts in 
the case of true parasites (R. M. Anderson, personal com- 
munication)) and by individuals consuming prey and its internal 
parasites ‘in the same mouthful’, But irrespective of the 
mechanism by which they are generated, trophic links must 
satisfy certain dynamical constraints if the resulting food webs 
are to persist. Our models suggest that some trophic patterns 
and combinations of parameter values are much more stable 
than others. We believe that considerations of this kind may 
have an important, but neglected role in determining whether 


ARAD AO POMVITE ASAACNI ON 


Nature Vol. 275 12 October 1978 


particular species or whole sets of species can coexist in ecologi- 
cal systems, and points the way to a more general understanding 
of the design of natural food webs. 

We thank Roy Anderson and Michael Hassell for comments 
on the manuscript, Joel Cohen for the use of his collection of 
food webs and the Computer Center, Texas Tech University, for 
computational facilities. 
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Competition among desert perennials 


THE accurate description of horizontal patterns of distribution 
and the determination of the mechanisms resulting in these 
patterns’? are primary objectives of plant ecology. Although 
there have been many studies of horizontal patterns, most 
investigations have not proceeded beyond the initial stage of 
detection and analysis of pattern, leaving suggestions of causa- 
tion untested. Controlled field experiments that test 
mechanisms which may regulate distributions are rare’. We 
have designed a controlled field experiment to evaluate the 
effects of intra- and interspecific interactions affecting two 
distinct horizontal patterns, thereby providing a test of 
current plant distribution theory. 

We selected a 2.5-hectare area in the Mojave Desert near 
Lucerne Valley, San Bernardino County, California (34°33'N, 
116°53’ W). The terrain is level, ensuring even deposition of 
rainfall, and consists of deep granitic alluvium. The vegetation is 
co-dominated by Larrea tridentata Cav. (Zygophyllaceae) and 
Ambrosia dumosa (Gray) Payne (Asteraceae) with derived 
species’ importance values (based on their relative dominance, 
relative frequency and relative density in 104 5 m x 5 m random 
quadrats) of 39.7% and 49.2%, respectively. 

Both these species are important components of many desert 
communities—co-dominating 70 per cent of the Mojave Desert’. 
Ambrosia is short, hemispherically shaped and drought-deci- 
duous, whereas Larrea is tall, cone-shaped and evergreen. Also, 
Larrea has been shown to be regularly distributed in certain 
areas of both the Mojave and Sonoran Deserts”®, where 
competition for moisture is hypothetically very keen. 

To determine the horizontal distribution of these species, we 
sampled the site and analysed our data in a manner similar to 
that of Woodell et al.*. The density of Larrea and Ambrosia 
were measured in 250 10 mx 10m quadrats from a random, 
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Table 1 Horizontal distribution of shrubs 


Mean (x) 
(shrubs Variance r? 
Species per 100 m?) (c°) — Distribution 
x 
Larrea tridentata 3.62 2.06 0.57 Regular 
Ambrosia dumosa 19.52 96.56 4.95 Contagious 


Both species’ distributions are significantly nonrandom at the 0.1% 
level using Student’s ¢ test. 


stratified sample. Utilising the variance/mean ratio method 
described by Greig-Smith' (significantly >1=clumped, 
significantly <1 = regular), we determined the direction and 
degree of non randomness. The results in Table 1 clearly 
indicate that the horizontal distribution of Ambrosia is clumped 
and that of Larrea is regular. Using Pearson product-moment 
linear correlations of the density and the total biomass per 
5mx5m quadrat of Ambrosia on Larrea (which proved 
insignificant), we concluded that Larrea and Ambrosia were 
independently distributed relative to each other’. 

As all regular and some clumped distributions have been 
attributed to plant-plant interactions and because the literature 
Suggests the occurrence of competition for moisture in the 
desert?*'*?!°| we decided to investigate these possible dis- 
tributional control mechanisms using a differential removal 
experiment in the field. Forty 100?-m circular plots (5.64 m 
radius) within the 2-5-hectare area were circumscribed using 
average-sized Larrea bushes for centre points and as monitored 
plants. From these plots four categories (10 replicates each) of 
control and test plots were randomly chosen. These categories 
were: (1) control—no plants removed; (2) total removal—all 
Larrea and Ambrosia except centre Larrea removed; (3) Larrea 
removal—all Larrea except centre Larrea removed; (4) 
Ambrosia removal—all Ambrosia removed. Plants were 
removed by cutting at ground level. We also set out four 
equivalent categories of plots in which individuals of Ambrosia 
were similarly utilised as both centre points for circumscribing 
and for monitoring. On completion of the various treatments, 
predawn measurements of plant water potential were taken to 
evaluate the water status of the monitored plants using the 
Scholander pressure bomb method’ t”. 

Immediately after a 60-mm rainfall in August, we began to 
measure water potentials at semi-monthly intervals, Initially the 
water potentials of Larrea were ~ —20 bar and those of 
Ambrosia ~ —2bar with no consistent differences among 
treatments. (These are high potentials for both species.) As 
drying of the soil continued and plant water potentials decreased 
through time, consistent differences among treatments 
developed (Table 2). In the Larrea-monitored plots the mean 
water potential of the monitored Larrea plants in the control 





Table 2 Differential effects of removal treatments on plant water 





potentials 
Larrea Ambrosia 
Water potential Water potential 
Treatment (bar) Treatment (bar) 
a Control ~39.0+1.3>4 a Control —44,2 + 3,2"¢ 
b Total -33.7 + 1.6% b Total ETET 
removal removal 
c Larrea —39.3+2.3°4 c Ambrosia ~44.6+3.9>4 
removal removal 
d Ambrosia -34.6+2.77° d Larrea —36.5 +2.84" 
removal removal 





Small letters in data column denote statistical differences from the 
treatments (a = control; b= total removal; c = intraspecific removal; 
d = interspecific removal) at P <0.05 using Student’s t test. The water 
potential data (14 November 1977) are based on five randomly chosen 
plants (three twigs per plant) per treatment. 
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plots (~39.0 bar) was significantly lower than that of the Larrea 
plants in the total removal (—33.7 bar) and in the Ambrosia 
removal plots (—34.6 bar), but not significantly different from 
the mean water potential of the moaitored plants in the Larrea 
removal plots (—39.3 bar). Similar results were obtained in the 
Ambrosia-monitored plots. The mean water potential of the 
monitored Ambrosia plants in the centrol plots (~44.2 bar) was 
significantly lower than that in the total removal plots 
(—30.5 bar) and in the Larrea removal plots (-36.5 bar), 
but not significantly different from the mean water potential 
of the monitored plants in the Ambrosia removal plots 
(—44.6 bar). | 

To our knowledge this is the first experimental evaluation of 
plant competition in deserts. The results of this study suggest 
that competition for soil moisture does occur at this site when 
water availability is low and that, with the present horizontal 
arrangement of individuals, interspecific competition is more 
intense than intraspecific competition. The actual mechanism(s) 
responsible for the interspecific effeets on plant water potentials 
is undetermined. While we suspect the mechanism may be a 
simple depletion of a limiting resource (water) by interacting 
species, the possibility of allelopatky, especially by the roots, 
cannot be ruled out. 

Furthermore, it must be emphasised that, because of the 
feedback type of relationship between competition and dis- 
tribution, the present status of competition at this desert site 
may not be indicative of the historical interactions among the 
plants which have resulted in the present distributions. It is 
possible that at our site Larrea plarts were once clumped and 
competed intensely with each other. Through time, such 
competition may have resulted im the present regular dis- 
tribution in which few plants are close to each other, and 
competition is thereby minimised Alternatively, Ambrosia 
plants may have remained clump2d because most of their 
growth occurs at relatively high water potentials (>—30 bar) 
when water may not be a limiting resource. 

The negative interactions between Larrea and Ambrosia, 
indicated by the plant water potentiels in this study, are surpris- 
ing in view of the independent distributions of these species 
relative to each other. These distributions may be the result of 
other, overriding, physiological anc environmental factors, or 
the interspecific interactions have noz been of sufficient intensity 
or duration to affect the distributions. The significance of the 
negative interactions between Larrea and Ambrosia is yet to be 
determined in terms of production. 

We thank W. H. Schlesinger, C. E. Muller and J. H. Connell 
for reading the manuscript, and D: Schlesinger for statistical 
and computational assistance. This work was supported by 
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Fund of the National Academy of Sciences. 
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Diverse modes of action 
of biotic and abiotic phytoalexin elicitors 


PHYTOALEXINS are inducibly formed higher plant metabolites 
that are antibiotic to certain potential plant pathogens’. At least 
75 plant species representing 20 families have been shown to 
accumulate phytoalexins in response to infection’. Phyto- 
alexins also accumulate in plants in response to various agents 
termed elicitors’, including substances of pathogen origin (biotic 
elicitors) and abiotic elicitors such as heavy metal salts and 
detergents’. Elicitors may be useful for investigation of the 
molecular basis of phytoalexin production or disease resistance 
expression’. However, the mechanisms by which such diverse 
elicitor molecules induce phytoalexin accumulation in plants are 
unknown. I have found‘ that levels of glyceollin, a phytoalexin 
produced by soybean [Glycine max (L.) Merr.] hypocotyls in 
response to infection with the fungal pathogen Phytophthora 
megasperma var. sojae A. A. Hildb., are regulated by relative 
rates of induced biosynthesis and constitutive degrading activity. 
I report here the effects of various biotic and abiotic elicitors on 
biosynthesis and degradation of glyceollin in soybean tissues. 

Detached cotyledons from 8-d-old seedlings of the soybean 
cultivar Harosoy 63 were wounded as described by Ayers et al.°, 
but wounds were made on the lower surface of the cotyledons. A 
80 ul drop of aqueous biotic or abiotic elicitor solution contain- 
ing rifampicin and ampicillin at 10 and 500 yg ml’, respec- 
tively, was placed on to the wounded areas of 10 cotyledons and 
these were incubated on moist filter papers in Petri dishes at 
25°C. Glyceollin did not -accumulate in the control (H,0- 
treated) cotyledons (Fig. 1a) despite the fact that significant 
levels of biosynthetic activity were present ~ 10 h after wound- 
ing (Fig. 1b). Failure of the control cotyledons to accumulate 
glyceollin seemed to be due to the presence of glyceollin de- 
grading activity (Fig. 1c). Thus there was apparently a balance 
between synthesis and degradation, such that glyceollin did not 
accumulate. It would therefore be expected that glyceollin 
accumulation could be elicited by treatments that either 
inhibited its degradation and/or enhanced its synthesis to 
exceed the rate of degradation. 

Treatment of the cotyledons with a biotic elicitor such as cell 
walls of Phytophthora megasperma var. sojae, a fungus highly 
pathogenic to certain cultivars of soybean’, greatly stimulated 
the glyceollin biosynthetic activity of cotyledons (Fig. 1b) and 
resulted in considerable accumulation (Fig. la). The biotic 
elicitor, however, had no significant effect on glyceollin degrad- 
ing activity (Fig. 1c). In contrast, an abiotic elicitor such as 
HgCl, also elicited glyceollin accumulation (Fig. la), but 
strongly inhibited glyceollin degrading activity of the cotyledons 
(Fig. 1c) with only slight effects on biosynthetic activity (Fig. 15). 
These results show that the primary mechanisms of action of the 
biotic and abiotic elicitors are distinctly different. 

All the effective abiotic elicitors of glyceollin accumulation 
tested, including various metals and detergents, strongly 
inhibited glyceollin degrading activity but their effects on 
synthetic activity were relatively small (Table 1). Some abiotic 
elicitors such as CuSO, and K,Cr,O, partially inhibited 
synthetic activity and glyceollin accumulation in response to 
these abiotic elicitors was reduced relative to those that did not 
inhibit synthetic activity (Table 1). High concentrations 
(10 mM) of some abiotic elicitors such as HgCl, and CdCl, did 
not induce glyceollin accumulation, possibly because of their 
high toxicity to plant cells at these concentrations as indicated by 
strong inhibitory effects on synthetic activity. Chemicals such as 
CoCl, and CrCl, that inhibited synthetic activity more strongly 
than degrading activity or those such as CsCl, SnCl, and low 
concentrations (0.1 mM) of HgCl, and CdCl, that had no 
significant effect on either synthetic or degrading activity were 
also inactive as elicitors of glyceollin accumulation. Thus, only 
those chemicals that selectively inhibited glyceollin degrading 
activity but not its synthetic activity were active abiotic elicitors. 
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In contrast to abiotic elicitors, none of the tested biotic 
elicitors of fungus origin inhibited glyceollin degrading activity, 
but all stimulated its synthetic activity to ~seven to eight times 
that in the control cotyledons (Table 1). Stimulation of the 
synthetic activity seemed to be caused only by biotic substances 
with elicitor activity, since soybean cell walls or any of the other 
biotic substances listed in Table 1 did not significantly affect 
glyceollin synthesis or accumulation. Thus the probable 
mechanism of action of biotic elicitors is stimulation of glyceollin 
synthesis to rates exceeding its rate of degradation. 

Although the mechanisms underlying accumulation of 
phytoalexins by biotic elicitors are not understood’, my earlier 
observations*** indicate that glyceollin accumulation in 
response to inoculation of soybeans with incompatible races of 
Phytophthora megasperma var. sojae may be due to increased 
biosynthesis resulting from de novo transcription of DNA. The 
present study indicates that such enhanced de novo biosynthesis 
may also occur in soybean after treatment with biotic elicitors, 
but not abiotic elicitors. The initial ‘recognition’ of fungal biotic 
elicitors by soybean cells is being studied in several labora- 
tories)? !° 

The unique response of soybean cotyledons to abiotic elicitors 
is significant because it offers insight into the frequently obser- 
ved accumulation of plant phytoalexins in response to ‘stress’, 
that is a change in the normal physiological state of the plant cell 
environment. The present data clearly indicate that phytoalexin 
accumulation can occur in response to mechanical wounding of 
plant tissue in conjunction with inhibition of the normal, 
apparently constitutive phytoalexin degrading system. 

The lack of specificity of the phytoalexin response to various 
abiotic elicitors has been used as an argument against a role of 
phytoalexins in disease resistance’. My results, however, suggest 
that this nonspecific phytoalexin response should be dis- 


a | 


304 g : 
x sad 
ó 


24} 
20 ol 
i i 
i P 
ET 
o we 
Er 


"i 
j 
j 
j 
i 
j 
6 


| 3 | 
= i AA 
6 12 | 12 48 


Time after incubation th} 


) 


4 





ic pm. x 1G 


Glyceoliin accumulated (ug) 


C incerporated into glyceolin 
~ Givceollin degraded (2g) 


H 
L 





we 
A 


s 


Fig. 1 Effects of O, a biotic elicitor [Fungal cell wall (FCW), 
50 ug ml” '] and @, an abiotic elicitor [HgClz, 1.5 mM] on accu- 
mulation (a), synthesis (b) and degradation (c) of glyceollin in 
soybean cotyledons. For measurement of glyceollin accumulation, 
the wound droplets on the elicitor-treated cotyledons were collec- 
ted by elution with water at various times after incubation, and 
glyceollin was extracted by ethylacetate” and quantitated by a 
TLO/UV method®. For estimation of glyceollin biosynthetic 
activity in the elicitor-treated cotyledons, each wound droplet was 
replaced by 10 pl of '$C.L-phenylalanine solution (15 Ci ml}, 
522 mC mmol" *) at various times after incubation as indicated on 
the abscissa and the isotope was fed for subsequent 1h. The 
wounded sides (~ 1 mm thick) of 10 cotyledons were then collected 
immediately and rates of '4C incorporation into glyceollin were 
determined by modifications of the TLC/UV method’ as described 
elsewhere’. For measurement of glyceollin degrading activity, 
eight freshly-collected cotyledons were sliced into halves parallel 
to their upper and lower surfaces and incubated in 50 ml flasks 
containing 10 ml of water, 300 yg of purified glyceollin, antibiotics 
as above, and a biotic or abiotic elicitor at the indicated concen- 
trations. The flasks were shaken at 60 strokes per min at 25 °C for 
various times and glyceollin remaining undegraded in the flasks 
was extracted by homogenisation with 20 mi of ethanol and quan- 
titated°. FCW was prepared from Phytophthora megasperma var. 
sojae grown in a soybean hypocotyl medium’ for 5 d by the method 
of Ayers etal.” but fungal homogenate was prepared by pulverising 
mycelium under liquid N; in a mortar and suspending in 0.5 M 
potassium phosphate (pH 7.2) followed by a brief sonication 
(1 min, 5 times). The concentration of the biotic elicitor is based on 
glucose equivalent by anthrone assay. A, Controls (water only). 
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Table 1 Effects of biotic and abiotic elicitors on accumulation, synthesis, and degradation of glyceollin in soybean cotyledons 








Amp IAIN 


Glyceollin 
Elicitor Accumulation synthesis Degradation 
Elicitor concentration (pg) (% of control) % of control) 
H20 (control) — <20 100 190 
Ey (3,400-4,200 c.p.m.)* (220-245 ug)" 
Effective abiotic elicitors 
HeCl, 1.5mM 972+202 110+ 34 2848 
CdCl, 1.0 mM 932+219 138 48 
AgNO; 3.3 mM 1,280+ 274 202 + 56 19+ 10 
CuSO, | 10.0 mM 472+ 125 35 17 
K,Cr303 3.3 mM 495+ 194 42 29 
Triton X-100 © 5.0 mg ml? 1,391 +320 105+10 2846 
Nonidet P-40 5.0 mg ml? 1,205 +295 9845 25 
| Ineffective abiotic elicitors 
Hel, 0.1 mM <20 119 92 
10.0 mM <20 6 li 
CdCl, 0.1 mM <50 105 97 
10.0 mM <100 9 28 
CoClyt 10.0 mM <100 28 J 
CrCi,t | 10.0 mM <20 18 4R 
CsCl? l 10.0 mM <30 139 97 
SnCl,t 10.0 mM <20 113 104 
Effective biotic elicitors 
Fungal extracellular metabolite 5.0 pgm! 1,352+ 281 691+181 10242 
20.0 pg mi! 1,605 + 309 8314274 10345 
Fungal cell wall 50.0 wg mi’ 1,295 + 382 756+ 126 9745 
250.0 ug mi i 1,895 +225 856+ 205 i01+4 
Fungal cytoplasmic supernatant 100.0 pg mI 1,0252 125 721 95 
500.0 pg mi~} 1,434+ 194 111 93 
Ineffective biotic elicitors 
Fungal culture medium controlt 5.0 pg mi! <20 132 97 
Soybean cel! wallt 200.0 pg mi? <20 115 105 
Soybean cytoplasmic supernatant? 200.0 pg mi! <20 142 98 





Amounts of glyceollin accumulated and degraded were measured at 24 and 8 h, respectively, and rates of synthesis at 18 h after incubation of 
cotyledons with elicitors, as described in Fig. 1. For preparation of fungal extracellular metabolite, Phytophthera megasperma var. sojae was 
cultured as described in Fig. 1. After fungal mycelium was removed by filtration, the culture fluids were lyophilised, dissolved in 10 mM Tris-~HC! 
(pH 7.2), and passed through a column of Sephadex G-50 equilibrated with the same buffer. Fractions eluted in the column void volume were 
used. Fungal cytoplasmic supernatant was prepared by centrifuging a mycelial homogenate of the same fungus in 10 mM Tris-HCl (pH 7.2) at 
80,000 g for 30 min and by dialysing the resulting supernatant against the same buffer. Fungal culture medium contro! was the fraction 
corresponding to the fungal extracellular metabolite fraction but the medium was not inoculated with the fungus. Soybean cell wall and 
cytoplasmic supernatant were prepared using the same methods described for preparation from the fungus. Means and standard errors are 
indicated where 3 to 5 replicate experiments were run, and other values are means of two replicate experiments. 

* Actual values of incorporation of 'C- phenylalanine into glyceollin (c.p.m.) or of amounts of glyceollin degraded (vg) in the control 


cotyledons. 


t Abiotic chemicals or biotic substances which did not induce glyceollin accumulation at all concentrations tested (0,033-20 mM for abiotic 
chemicals and 5-1,000 pg ml’ for biotic substances). Concentrations of effective abiotic elicitors were those approximately optimum in inducing 
glyceollin accumulation. Concentrations of all biotic substances were based on glucose equivalents measured by anthrone assay. 


tinguished from the specific response associated with disease 
resistance, as it seems that the fungal metabolites operate 
differently from the abiotic elicitors. 

The results presented here suggest that it may be possible to 
discover a new type of plant protectant, protecting against 
infection not through intrinsic antibiotic activity, but through an 
effect on plant-pathogen interaction resulting in higher accu- 
mulation of phytoalexins. 

This work was supported by grant 256040 from the Ministry 
of Education of Japan. I thank Drs N. T. Keen and H. Masago 
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The blind octopus, Cirrothauma 


THE rare deep-sea octopod Cirrothauma murrayi Chun 1910 
was first described from a single specimen caught during the 
Michael Sars Expedition of 1910 (ref. 1). Until now it has been 
caught only four more times’. We describe here three specimens 
of this species that were recently caught during biological cruises 
of RRS Discovery (Fig. 1). All of these animals, including the 
Discovery ones, have been caught at depths of more than 
1,500 m, except one that was dip-netted through the ice of the 
Arctic Ocean’. 

Cirrothauma belongs to a poorly known family, the Cir- 
roteuthidae, which have cirri along the arms, a pair of fins, a 
deep interbrachial web and no radula’. Cirrethauma is reddish- 
brown semi-transparent and gelatinous in consistency (Fig. 1). 
Photographs of other cirroteuthids taken with deep-sea cameras 
have shown them swimming close to the bottom and looking like 
medusae, with head down and arms and web widely extended*". 
In other photographs they are swimming backwards with a more 
typical cephalopod posture’. 
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The eyes are remarkable, being simple open cups, with no 
trace of lens, iris or ciliary body (Fig. 2). The cup is closed by a 
transparent continuation of the sclera and covered by a thin 
gelatinous layer less than 1 mm thick. The eyes were only 3 mm 
in diameter in Chun’s animal, the mantle length being 40 mm. 
Our specimens are larger (155mm (A), 130mm (B) and 
220 mm (C) mantle length) with an oval pupil 9 mm X 12 mm in 
the smallest (Fig. 2). The retinae are better developed than is 
implied from Chun’s description’ (Fig. 3a). However, the 
rhabdomes are not regularly packed as they are in Octopus, and 
there is no limiting membrane covering their outer ends, which 
therefore turn and taper irregularly. In one of the Discovery 
specimens part of the retina was folded, to make a series of 
chambers, lined by separate, single rhabdomes, looking, as 
Chun put it, “like little flames” ' (Fig. 3b). The retina of speci- 
men B therefore seems to be in a degenerating condition similar 
to that of some deep-sea fishes’. 

The optic nerves are very long and pass through a large mass 
of tissue, the ‘white body’, to a minute optic lobe (Fig. 2). The 
structure of this is very simple, it lacks the peripheral layers of 
smal] cells that are characteristic of cephalopods with good 
vision. The vertical lobe and other parts of the visual memory 
system, so well-developed in Octopus vulgaris’, are reduced. It 
is difficult to understand what use may be made by the animal of 
a photoreceptor system such as this, with neither lens nor 
pin-hole aperture. That the animal has some use for pho- 
toreceptors is shown by the fact that the epistellar bodies, 
photosensitive vesicles near the stellate ganglion, are especially 
large in Cirrothauma. 

There are large sac-like statocysts, suspended by muscles at 
some distance from the brain. As in other octopods there are 
inner and outer sacs separated by a perilymph (Fig. 4). The 
maculae are long oval patches with small circular statoliths not 
covering the whole area. There are no maculae neglectae. The 


Fig. 1 Cirrothauma murrayi Chun 1910 photographed on board 
RRS Discovery while still just alive. The posterior end of the 
mantle is translucent and parts of the fins are transparent. Marks 
from the nets can be seen on the skin. One eye is visible at the side 
of the long, slender funnel. The arms are united by the web along 
most of their length. The stalked ‘suckers’ lie towards the tips of the 
arms. Specimen B caught at 3,000-3,500m, mantle length 
130 mm, funnel length 61 mm. 
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Fig.2 The central nervous system, one eye, the statocysts and the 

buccal mass after dissection. The black rostral tip of the lower beak 

projects beyond the lips. The oesophagus is heavily pigmented and 
can be seen just behind the brain. Specimen B. 


crista runs round the circumference of the sac, constricting it 
somewhat by a waist to form lateral and medial parts. There is a 
single anticrista, as in other octopods. The large volume of 
endolymph is presumably related to the need for the crista to 
detect slow angular rotations. This condition resembles that 
found in Vampyroteuthis, but the latter has several anticristae, as 
in decapods’. 

The cirri are characteristic of the Cirroteuthidae and are 
absent from all other cephalopods with the exception of 
Vampyrotheuthis. Cirrothauma has a longitudinal row of cirri on 
either side of the single row of suckers. Though not shown in Fig. 
1, they can probably extend to a considerable length and are 
presumably tactile organs. They were stretched outwards and 
away from the arms in the cirroteuthids photographed in the 
sea’. Sections of the Discovery specimens show that the tactile 
centres of the brain are well-developed, unlike the visual system, 
and perhaps the cirri provide the main source of information 
about the surrounding conditions and for the detection of food. 
There are 38 suckers along each arm of our specimen of 155 mm 
mantle length (A) and 36 on the Chun (or ‘type’) specimen’. 
Chun recognised two distinct sets of suckers, one being unique 
amongst cephalopods’. He described the latter as ‘tiny suckers 
situated on long, plump, spindle-shaped gelatinous stalks . . . 4- 
5 mm long in the middle of the arms and gradually become 
shorter towards the tips and proximally’. He suggested that they 
had lost their function as there was no opening. That they are 
suckers, even though they do not have an orifice, is shown in 
histological sections by the presence of a cuticle very similar to 
that found covering the infundibular surface of the suckers of 
Octopus vulgaris and other octopods’. In view of the presence of 
this sucker cuticle, it seems unlikely that Chun’s’ reserved 
interpretation that there were ‘certain similarities with luminous 
organs’ can now be upheld. Dr P. J. Herring (Institute of 
Oceanic Sciences) has also looked at the sections for us and can 
find no trace of light organs. The second type of sucker does have 
an opening and these suckers lie near the mouth, being the first 
six in both Chun’s animal and in specimen A. The opening of the 
sucker is restricted and does not lead to a suction chamber such 
as is usually found in octopods’. There is a very shallow cup with 
radial muscles and a typical cuticle which, like that in other 
octopods, can be shed as a disk”. 

The buccal mass is large as is the rostrum of the lower beak, 
which projects beyond the lips (Fig. 2). Asin other cirroteuthids 
the radula is absent'”’”, in its place there is a fleshy tongue-like 
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Fig. 3 a, Section of the retina of specimen C. b, Isolated rhab- 
domes from a sac formed by folding of the retina of specimen B. 


Structure attached ventrally along most of its length. At the front 
of this ‘tongue’ there is a large papilla, perhaps the salivary 
papilla. 

The funnel is extremely long and slender’, being 47, 61 and 
185 mm in animals A, B and C, respectively (Fig. 1). The mantle 
opening is small and closely surrounds the base of the funnel. 
The function of this long funnel is not known but it could be 
important in directing fine jets of water during delicate mano- 
euvring movements while swimming upside down in the 


Fig. 4 Left statocyst from specimen A seen from in front. The 
statolith is displaced and seen edge on near to the macula. D, 
dorsal; L, lateral. 
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medusoid form. Perhaps its jets of water are used to stir up the 
sediment on the seabed to expose small prey, or possibly to bury 
the eggs in soft sediment. 

The cirroteuthids differ from all ether octopods and resemble 
decapods in the presence of fins (Fig. 1). These, like the cirri, 
recall the condition in Vampyroteuthis‘'. It seems probable that 
these deep-sea animals still retain characteristics common to 
both octopods and decapods. In this connection it is interesting 
that Cirrothauma and another cirroteuthid of which we also 
have sections, both have a system of giant nerve fibres'', which 
are usually only associated with decapods’*. We hope that 
further study of the Discovery specimens may help to settle 
several problems of structure, function and mode of life of these 
curious animals. 

We thank Miss P. R. Stephens fer assistance. 
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Spike frequency adaptation in 
amphibian sensory fibres 
is probably due to slow K channels 


SPIKE frequency adaptation (SFA)}—a decrease in firing 
frequency during the action of a maintained stimulus—is a 
mechanism for the input-output transformation of a signal and it 
is common at many levels of the animal kingdom. The occur- 
rence of SFA in amphibian sensory nerves'~ offers an oppor- 
tunity to explain the phenomenon at the membrane level in 
terms of the Hodgkin—Huxley (HH | theory’. Here we show that 
SFA in amphibian nerve is probably due to a current through 
slow K channels, and we suggest that these channels must also be 
responsible for different cases of SFA in nerve cells of various 
types. 

The HH model for the node'® gives, for constant current 
steps, rhythmic firing but not SFA". Further mechanisms with 
relatively long time constants are obviously needed to account 
for SFA. As SFA lasts only from several ms to a few tens of ms it 
is evident that slow Na (ref. 8) and fast K (ref. 9) inactivations, 
with time constants of several hundred ms and even | s, cannot 
be a source for SFA. Electrogenic pumping is also excluded (for 
refs and discussion see ref. 10). K* accumulation near the node” 
can be expected, by analogy with squid axon’, not only to fail to 
cause SFA but also to give inappropriate changes of successive 
overshoot and undershoot amplitudes in a train, decreases 
rather than increases. Therefore, we consider that the necessary 
mechanism involves the currents flowing through slow K chan- 
nels. The addition of slow K channels with the properties we 
have measured gives calculated SFA with most of the properties 
measured by others. Also, there are indications of slow K 
channels in amphibia in which SFA is usually observed, Xenopus 
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laevis?*?, Rana esculenta**"* and R. ridibunda*'*’®. In the 
case of R. ridibunda many characteristics of the channels have 
been determined’®, and they are used here for SFA calculations. 
We modified the HH model to present the overall K current (Ix) 
of the node as the sum of two components: a fast (/,,) and a slow 
(Iku) component. 

The fast channel in R. ridibunda seems to behave like the 
familiar K channel in R. pipiens'’’. The two channels were 
attributed to sensory nerve on the basis of their corresponding 
Myo — E and n..~ E curves on the E (membrane potential) axis, 
as had been done for R. esculenta *. Ix, can thus be presented by 
the HH-Dodge model for R. pipiens’. Iy, can also be presented 
by an HH-type model, but differing in behaviour with E of the 
HH variable nu describing the E-dependent gating kinetics of 
the slow K channel (ref. 16 and Fig. 1): 


Iku n Bka lE =< Exu) (1) 
Eku = Skull 1 (2) 


where gk Ēku are, respectively, the slow K channel conduc- 
tance and its maximum value; Ex,, is the K equilibrium potential 
for Ike 

In R. ridibunda the ratio &,,,/ Ëx, is usually 0.2-0.8, depending 
on the frog specimen’. Ex,, is unknown. It was taken to be equal 
to Ex, that is, Ex in R. pipiens (~75 mV}. The variable nų can be 
represented fully by two functions: the steady-state relationship 
nua — E and its kinetic characteristic Ta, — E. Both are given in 
Fig. 1. 

For computations of spike trains, Hille’s version of the HH- 
Dodge model'’ was used. Small variations of maximum Na 
conductance with E (the term (1 — E/183)) were neglected so 
that we could follow quantitatively the critical firing level in 
terms of the theoretical relationship between firing potential and 
parameters entering the HH model’*®. To induce rhythmic 
activity the h..— E curve was shifted by 15 mV in the depolaris- 
ing direction. Computations were carried out on a BESM-6 
computer (Russian index) with a Fortran program. 

Figure 2 shows the computed firing behaviour for the case 
when the contribution of J,,, into the overall Ix was varied by 
variation of g,,, that is, the density of the slow K channels. At 
Ēka = 0 the firing is purely rhythmic (Fig. 2a). However, SFA is 
well expressed even with gq, as small as 10% of &x, (Fig. 2b), and 
quickly increases with ëk, (Fig. 2c.d ) until damping of repetitive 
responses is complete (Fig. 2e). 

Although Fig. 2 shows the simplest case, when an increase in 
Ix, (a-e) is due to kxn it probably qualitatively covers most of 
the previously described basic features of SFA in amphibian 
nerve'*. One of them is a progressive rise in time of the 
overshoot and undershoot (for spikes following the first) ampli- 
tudes with nearly constant firing level. This is clearly seen in Fig. 
2c and d. Further, the spike trains in amphibian nerves are finite, 
and this can be seen in Fig. 2d where, with sufficient density of 
slow K channels (that is, with sufficiently large ku), only one 
spike can be produced (Fig. 2e), which may be considered an 
extreme case of adaptation. 

Thus, even the simplest model considered can account not 
only for SFA as such (a decrease in firing frequency with time) 
but also for accompanying phenomena (the character of changes 
of the overshoot and undershoot amplitudes and finite spike 
trains). Also any variation of parameters in equations (1) and (2) 
leading to greater [,,, will lead to more pronounced SFA. This 
provides a variety of conditions for critical damping, as is the 
case in actual experiments (compare records of spike trains in 
refs 1-4). A proper choice of the starting value ho (refs 4, 7) and 
consideration of Na* accumulation near the inner surface of the 
nodal membrane? and K* accumulation near its outer surface"’, 
would make the agreement between theory and experiment 
even better. There is, however, little hope of obtaining full 
details of SFA for a particular node, because this requires 
knowledge of the HH picture of all the currents involved and of 
the accompanying processes (such as Na* and K* accumulation, 
see above) on the same node. We aimed to show that the slow K 
channels are responsible for SFA in the node, and that this SFA 
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can be modified further by the various factors discussed here. 
The construction of models seems to be the best way to study 
basic features of SFA, so as to adjust relevant HH parameters 
and those of accompanying processes to fit experimental SFA or 
to look for interesting phenomena which can then be sought in 
an experiment. Our results indicate that slow K channels are 
responsible for SFA in amphibian nerve. In other amphibian 
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Fig. 1 a, Function myj.{(E) for slow K channel used to compute 
the sensory nerve firing behaviour in Fig. 2. O, At% values obtained 
by fitting Ix—t curves associated with depolarising E steps from 
various values of E; (given by abscissa) to E, = 50 mV by searching 
with least squares the parameters of the equation for overall Ix: 


Ix(t)= ex (OE — Ex) + 8kult E — Exu) 


where I and II refer to fast and slow K channels, respectively. [ky 
was measured in 128 mM KCl and 3 x 10°* mM tetrodotoxin, with 
leakage current subtracted. As Ex, = Exm Mio (50 mV)= nuo 
(50 mV) = 1, and there is no K* accumulation near the node in this 
solution’®, the equation acquires the HH form: 


ekl) = k | 1-1 mols) exp (~—+) |" 


tH 


t Xt 
Ēku ` | 1- (1 —nuolE:)) exp (--=)| . 
Tr 
The terms: Ëk niolE: i Tap Xi Bkn (where Ëku Ki (1 7 &x:1)); 
Mitoo(E1), Tar» Xu in the latter equation were given values so that 
they fitted the whole family of experimental [,-t curves (now 
assumed to be the shape of the gg — t curves) associated with a set of 
E,. Parameters for channel I happened to be the same as for the K 
channel in R. pipiens'"'’. xy was found to be 4 (as x1), Mrro(F}) (©), 
Tan (®) in b. Details of the fitting procedure are given elsewhere’’. 
@, nua values obtained from the relationship gx,,.~ E varying as 
= 1/4 : ‘ 

(2k:10/2Ky) - The relationship gx,..~ E was constructed from 
amplitudes of instantaneous J, associated with repolarising E 
steps from various values of E, (given by abscissa) to the same 
value of E>, ~100 mV (details are given in refs 15, 16). The 
niro ~ E curve was drawn by eye and its ordinates were fed into the 
computer in 5-mV steps along the abscissa. b, Function 7,,,(£) for 
the slow K channel used for computation of sensory nerve firing 
behaviour in Fig. 2. 7,,, values were calculated from experimental 
time constants Tku determining the decline of gg, tails following 
repolarisation from constant value of E;, 67 mV, to various values 
of E- (given by abscissa) by the following equation: 


Ēku | (eines) ~ MNyto(E>)) exp (- <) + nue(E2)) 


nji 


t 
= (&k0 RKuw) exp ( ii | + Bk i100 
TKn 

where 2xjo is the gx, Value at the moment just after a repolarising 
step, and knæ is its steady-state value at E2. The solution was 
obtained for ¢=7,, assuming ay. (67mV)=1 (see a), 
EKno™ Eku ` nio (67 MV) = kip 8kKine = BKu niio (E2). For mac 
of ~0.3 (that is, for E> 2-110 mV), Tay = TKn/ MitolE2). Tan were 
scaled to 22°C (as in Hille’s equations for 7, in R. pipiens") witha 
Oro of 3.0. O, Tau measured, as described, with E, 40 ms; @, the 
same, with E, 500 ms; ®, Tau obtained from depolarising E steps as 
described in a. The smooth curve was drawn by eye and its 
ordinates were fed into the computer in 5-mV steps along the 

abscissa. 
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Fig. 2. Effect of the slow K current Ig, on firing behaviour of 
amphibian sensory nerve associated with a constant current step of 
0.9 nA. Increase in I,,, is due to increase in g,, (0, 10, 20, 30 and 
40%, respectively, in a, b, c, d and e of &, (maximum K conduc- 
tance through the fast K channels)). As [,,, in R. ridibunda is an 
additional process to the R. pipiens sensory nerve'®, all the basic 
data necessary for this computation were those tabulated for R. 
pipiens by Hille'’, except for hg which was chosen to be 0.9286 to 
induce the repetitive activity as in a. Abscissa: time (ms), ordinate: 
membrane potential (mV). 


sensory nerves capable of SFA, the slow K channels are likely to 
be generally similar to those in R. ridibunda”, so that the 
physiological basis for SFA must be common to different 
amphibia. 

Slow K channels might also provide a mechanism additional 
to or underlying that described’? for sensory compared with 
motor fibres. Sensory fibres respond to a constant current step 
by producing a train with increasing interspike intervals, 
whereas motor fibres respond by producing one or very few 
spikes’. Thus, motor fibres can be considered quickly adapting. 
The n..~ E curve for motor fibres was found to be displaced 
from that for sensory fibres in a hyperpolarising direction’®, 
which damps repetitiveness (our unpublished calculations). 
However, this displacement and consequently the mechanism 
for sensory compared with motor fibres may be the result of 
greater k, in motor than sensory fibres, for gg, is activated by 
more negative ranges of membrane potential than is gx, (refs 15, 
16). Thus, in Fig. 1 the 0.5 ny. value is at E = -92 mV whereas 
the 0.5 nio value for R. ridibunda usually lies between —50 and 
—60 mV‘, as 0.5 næ for R. pipiens”. Then the shift of the 
curve of n.—E for overall gy (as measured before'*) will 
increase with xu, that is, with the density of the slow K 
channels, It is tempting to suggest that neurones in the ventral 
roots synthesise more slow K channels than neurones in the 
dorsal roots. 

The sensory nerves of R. pipiens usually seem to have only fast 
K channels. This follows from J, measurements, indicating that 
they obey’ the Cole-Moore translation principle*°, and from 
noise measurements suggesting a two-state open-closed tran- 
sition for the K channels involved”’. Both tests would fail if Ix in 
this node were due to more than one population of K channels (it 
was the analysis of /, currents associated with the Cole~Moore 
translation test that led to the discovery of the slow K channels in 
R. ridibunda'*-'*). However, as SFA also occurs (rarely) in R. 
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pipiens’, our hypothesis suggests that a slow K channel must 
occur, if rarely, in this specimen as well, but that the yield of the 
gene product for the slow K channel! is lower here than in other 
species. 

The only other example for which SFA has been explained in 
terms of the HH theory concerns neurones from the mollusc 
Archidoris*®. The SFA phenomenology here differs consider- 
ably from that in amphibian nerves, especially in that spike 
trains here are finite”. However, “his is the picture that results 
from computation of the firing behaviour when the current 
through the slow K channel involved (which considerably differs 
from that in the node) is taken into account. Thus, in two 
markedly different cases of SFA (in the node and the neurone), 
the current through the corresponding slow K channel is 
sufficient to describe basic characteristic features of SFA. There 
are many different types of slow K channels in biological 
membranes (reviewed in ref. 23) and, except for (or together 
with) the cases where an electrogenic pump is involved”, the 
diversity in SFA phenomenology in nerve cells of different types 
is probably mainly due to divers ty of slow K channels. The 
mechanism discussed here might also apply to adaptational 
behaviour of sustained and transient receptors responding to a 
stationary component of generatcr potential, as shown in Fig. 
2b, c and d, e, respectively. 

We thank Professor O. B. Hyiasky for encouragement and 
discussion and Dr E. N. Timin for help with the computer 
program and advice. 


B. V. KRYLOV 
I. P. Pavlov Institute of Physiology Acad. Sci. USSR, 
Leningrad 199164, USSR 


V, §. MAKOVSKY 
Leningrad Nuclear Physics Institute Acad. Sci. USSR, 
Gatchina Leningrad District 188330, USSR 


Received 20 January; accepted 26 July 1978, 


. Dodge, F. A.. thesis, Rockefeller Inst. (1963). 

. Vallbo, A. B. Acta physiol. scand., 61, 413-42 (1964), 

. Honerjager, P. Pligers Arch. ges. Physiol M3. 55-70 (1968). 

. Bergman, C., thesis, Univ. Paris (1969). 

- Hodgkin, A. L. & Huxley, A. F. J. Physiol, Lend. 117, 800-544 11942), 

. Frankenhaeuser, B. & Huxley, A. F. L Physiol, Lond. 171, 302-315 (1964). 

. Frankenhaeuser, B. & Vallbo, A. B, Acta physoi scan, 63, 120 (1963), 

. Peganov, E. M., Khadorov, B. 1. & Shishkova, ..D. Bull. exp. Biol. Med. 9, (5-19 (1973). 

. Schwarz, J. R. & Vogel, W. Plagers Arch. ges Physiol 330, 61-73 {1971h 

10. Bergman, C. PRügers Arch, ges. Physiol. 317, 287-302 (1970). 

11. Dubois, J. M. & Bergman, C. Pfligers Arch. ges. Physiol 388, 111-124 41975). 

12. Adelman, W. L & FitzHugh, R. Fedn Proc. 34. (322-1329 (1975). 

13. Makovsky, V. S. Tsitolegiya 17, 58-63 (1975). 

14. Palti, Y., Ganot, G. & Stampfii, R. Biophys. J. 16, 261-273 41976}. 

13, flyin, V. L, Katina, L E., Lonskii, A. V., Makowsky, V. 5. & Polishchuk, E. W. Doki Akad, 
Nauk SSSR 234, 1467-1476 {1977} 

16. lyin. V. L, Katina, I E. Lonskii, A. Y., Makoveky, V. S. & Polishchuk, E. V. J. Membrane 
Biol. (in the press}. 

17. Hille, B., thesis, Rockefeller Univ. (1967). 

18 Bretag, A. H. & Stampfli, R. PRügers Arch. ges. Physiol, 384, 297-271 (E9754. 

19, Krylov, B. V. Doki. Akad. Nauk SSSR 239, 1672-475 (1978). 

20. Cole, K. S. & Moore, J. W. Biophys. J. 4, 1-141 9605. 

21. Begenisich, T. & Stevens, C. F. Biophys. J. 18, 843-846 (1975), 

22. Partridge, L. D. & Stevens, C. F. J. Physiol, Land, 286, 315-332 (1976). 

23. Khodorov, B. |. General Physiology of Excitabe Merchranes (Nauka, Moscow, 1974). 

24. Sokolove, P. G. & Cooke, 1. M. J. gen. Physiol 87, 125-183 (9871) 


SOO ME OR Ort Bie tah DR ee 








Labelling of 
benzodiazepine receptors in vivo 


THE presence of benzodiazepine receptors has been demon- 
strated using isolated membrane preparations from the mam- 
malian central nervous system’ ™, Specific binding of *H-diaze- 
pam to synaptosomal membranes ts maximal at temperatures of 
0-4 °C, but reduced by more than 95% at physiological 
temperatures’. Although the inhibition of *H-diazepam binding 
by other benzodiazepines in vitro closely parallels their phar- 
macological potencies in vivo, failure to demonstrate specific 
binding in physiological conditiens raises questions as to 
whether receptor binding occurs in vivo. We report here that 
benzodiazepine receptors can be demonstrated in the intact 
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animal following intravenous administration of *H-diazepam. 
The labelling of benzodiazepine receptors in vivo permits 
studies of receptor occupancy in various pharmacological and 
physiological conditions as well as autoradiographic localisation 
of the receptor in situ. 

Adult male Sprague-Dawley rats (125-175 g) were used in all 
studies. “H-Diazepam (39.08 Ci mmol’, NEN) was diluted 
with 50% ethanol to a final volume of 300 u1 and administered 
through the lateral tail vein. Studies in this (unpublished) and 
other laboratories” have demonstrated that the maximum brain 
concentration of diazepam occurs within 1-2 min of intravenous 
administration. At this time 95% of the radioactivity in brain is 
authentic diazepam, as demonstrated by thin layer chroma- 
tography’. Animals were decapitated 1 min after injection and 
the tissues to be assayed were immediately dissected, weighed 
and frozen on dry ice (~70°C). Studies designed to test the 
effects of freezing on the amount of specifically bound *H- 
diazepam revealed no differences between fresh and frozen 
samples. Therefore, subsequent studies were carried out using 
frozen specimens, giving greater efficiency and control over 
assay and homogenisation time. 

For assay of membrane-bound *H-diazepam, tissues were 
homogenised in 25 volumes of ice-cold 50 mM Tris-HCI buffer 
(pH 7.4) using a Brinkmann polytron (20 s, full speed). Aliquots 
of the homogenate were sampled for total and membrane- 
bound *H-diazepam. The latter was determined by filtering the 
homogenate (0.1-1.0 mi ) through Whatman glass fibre filters 
(GF/B) followed by two rinses of ice-cold Tris-HCI buffer (5 ml 
each). The filters were then placed in scintillation vials contain- 
ing 10 ml of Aquasol (NEN), shaken thoroughly and counted 
with a Beckman LS-250 liquid scintillation counter. 

Membrane-bound radioactivity was linear with tissue 
concentration in homogenates containing up to 20 mg of brain 
tissue (wet weight). Preliminary studies were carried out to 
determine whether the specific membrane-bound radioactivity 
was a result of in vitro binding that might have occurred artefac- 
tually following homogenisation. In an experiment comparing 
the amount of specifically bound *H-diazepam with post- 
homogenisation incubation time, both specific and nonspecific 
binding were maximal at the earliest time tested (30s post- 
homogenisation) and did not change over a 60-min period. As 
saturation of benzodiazepine receptors in vitro occurs approx- 
imately 10min after incubation*®, these data support the 
assumption that the binding observed following intravenous 
administration had occurred in vivo. The results also demon- 
strate the stability of the drug-receptor complex when the 
preparation is kept at 0O-4°C. 


Fig. 1 Stereospecific inhibition of `H- diazepam binding in vivo. 
Rats were injected with 50 pCi “H-diazepam i in combination with 
the enantiomers of B9 or B10 (700 pg kg™'). Values represent 
X+5.e.m. in brain {n = 8), liver (n = 6) and other, tissues (n = 2), 
Per cent of *H-diazepam bound is the amount of ` *H-diazepam in 
the homogenate retained by the 6F/B filter divided by the amount 
of *H-diazepam in an equal volume of homogenate 100. $, 
Active isomers (B9(+), B10(+)); C, inactive isomers (B9(— ), 
B10(- )). 
45 


% *7H-diazepam bound 





0 


Brain Liver Muscle K aey 
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Co-injection of the *H-diazepam with unlabelled clonazepam 
(250 ug kg™') or the pharmacologically active benzodiazepine 
enantiomers B9(+) and B10(+) (700 pg kg™') dramatically 
reduced membrane-bound *H-diazepam (40.7+2.1%(n =5) 
compared with 7.72+ 1.54%(n = 5) bound) whereas the total 
concentration of *H-diazepam in brain was unaffected. Substi- 
tution of the pharmacologically inactive enantiomers B9(— ) or 
B10(— ) did not produce any significant decrease of membrane- 
bound *H-diazepam (39.8+ 1.2% bound). Homogenisation of 
the tissue in buffer (SO mM Tris-HCI, pH 7.4) containing 3 pM 
unlabelled diazepam resulted in a rapid displacement of more 
than 90% of membrane-bound radioactivity. The latter 
experiment agrees well! with observations in vitro indicating that 
more than 90% of the *H-diazepam bound to crude synap- 
tosomal fractions of brain is displaced by this concentration of 
diazepam'”. 


Table 1 Regional distribution of benzodiazepine receptors in vivo 


Nonspecific 
Specific °H- binding 
diazepam binding (% of total 
Region (pmol per g tissue) binding) 
Cortex 12+2.0 12 
Hypothalamus 8.7+0.7 19 
Midbrain 7.6+0.7 20 
Striatum 6.84 1.7 32 
Septal region 6.2+0.2 17 
Cerebellum 6.2+0.7 50 
Pons medulla 5.5+0.6 20 





Rats were injected intravenously with 50 pCi *H-diazepam. The 
various brain regions were hemisected, one half of each region being 
homogenised in 50mM Tris buffer (pH 7.4) with or without 3 uM 
diazepam, and assayed in triplicate within 15 min of homogenisation. 
Specific binding is defined as the amount of *H-diazepam bound after 
homogenisation in Tris buffer minus the amount bound after homo- 
genisation with 3 M diazepam. Values represent the mean <s.e.m. of 
brain regions from three rats. 


As in vitro studies have shown that benzodiazepine receptors 
are highly localised to brain'™, it was of interest to study the 
tissue distribution of *H-diazepam binding in vivo. Figure 1 
shows the binding of *H-diazepam in brain and peripheral 
tissues with and without co-injection of a pharmacologically 
active benzodiazepine. Although *H-diazepam binds to 
membranes of all the peripheral tissues studied, only the binding 
in brain is displaced in a stereospecific fashion. Similar results 
have been reported in vitro*. Finally, we investigated the 
regional distribution of benzodiazepine receptors in brain 
(Table 1). The rank order concentration of benzodiazepine 
receptors in various cortical and subcortical areas is identical to 
that observed in the in vitro assay’. 

Our results demonstrate the feasibility of labelling benzo- 
diazepine receptors in vivo in physiological conditions. These 
receptors are highly localised to the CNS, and to cortical areas in 
particular. Displacement of specific binding occurs only with 
pharmacologically active benzodiazepines, thus supporting a 
role for these sites as pharmacological receptors mediating the 
action(s) of these drugs within the CNS. 

In addition to establishing specific binding of *H-diazepam to 
benzodiazepine receptors in physiological conditions, in vive 
labelling of benzodiazepine receptors may also permit further 
studies on receptor changes during various pharmacological 
and/or physiological states, as well as autoradiographic visu- 
alisation of the receptor. Similar in vivo studies using `H- 
flunitrazepam have also been carried out (R. Chang and S. 
Snyder, personal communication). 

We thank Hoffmann-LaRoche for diazepam, clonazepam, 
B9(+) (Ro 11-3129), B9(—) (Ro 11-3625), B10(+) (Ro 1l- 
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prer 
An endogenous protein modulates 


the affinity of GABA and 
benzodiazepine receptors in rat brain 


BIOCHEMICAL’? and neurophysiological™* evidence has 
suggested that benzodiazepines may relieve anxiety facilitating 


the synaptic action of y-aminobutyric acid (GABA), an 


important neurotransmitter in the brain of mammals, including 
man. As benzodiazepines fail to increase the turnover of GABA 
stored presynaptically as would be expected if they were to act as 
indirect GABA agonists, and since it has been difficult to 
demonstrate a direct agonistic action of the benzodiazepines on 
GABA postsynaptic receptors” in vitro, the molecular 
mechanism whereby benzodiazepines facilitate GABAergic 
transmission is still unknown. Independent investigators 
have recently reported the presence of a high affinity, saturable, 
stereospecific binding site for benzodiazepines in synaptic 
membrane preparations obtained from brain of different animal 
species, including man. This high affinity binding is now used to 
determine the therapeutic potency and to study the mode of 
action of benzodiazepines in anxiety. 

Any known transmitter, including GABA, fails to compete 
with the benzodiazepines for their specific brain receptors; 
however, the brain distribution pattern of these benzodiazepine 
receptors is similar to that of the Na*-independent high affinity 
binding sites for GABA (8.9), This and analogies in the phar- 
macological profile of GABA-mimetics and benzodiazepines™”’ 
has suggested to us that studies of the mechanism whereby 
benzodiazepine receptors interact with the Na*-independent 
GABA receptor sites may help to understand the mode of action 
of these antianxiety drugs. 

The discovery that benzodiazepine receptors are present in 
the central nervous system has also led to the proposal’? that: 
“by analogy with the discovery of opiate receptor, the benzo- 
diazepine receptor assay may even offer a simple means for the 
discovery of a naturally occurring ligand for such receptor: the 
brain’s own antianxiety substance”. 

Recently, we reported that a small thermostable protein 
(‘ehdogenous inhibitor’) which noncompetitively reduces the 
affinity of GABA for its Na*-independent recognition site, 
could be extracted from brain preparations enriched with 
synaptic membranes”. This endogenous inhibitor is thermost- 
able (at 95°C for 10 min), has acidic characteristics, and when 
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purified 1,500-fold by gel filtration, ion-exchange chromato- 
graphy, and preparative polyacrylamide gel electrophoresis, 
gives on 10, 15 and 20% SDS polyacrylamide gel only one major 
protein band equivalent to a molecular weight of ~ 15,000. The 
present report shows that pharmacologically-active benzo- 
diazepines modulate the affinity of GABA for its recognition 


Specfically bound 7H-GABA (pmol per mg protein) 





x 40 60 80 
Bound 7H-GABA (fmol per mg protein) 
Free 7H-GABA (pmol) 


Fig. 1 Scatchard analysis of interaction between diazepam and 
‘endogenous Inhibitor’ of Na* -independent "H-GABA binding. 
Crude synaptic membranes from rat cerebral cortex’ were frozen 
at —20°C for 24h and treated for 30 min at 37°C with 0.01% 
Pride X 100 Alte centik aton ai 40 000, hee 10 asta ihe pellet 
was dispersed with a polytron in 50 volumes of 50 mM Tris-citrate 
(pH 7.1) without Triton X-100. Ths operation was performed 
twice. Specific GABA binding was calculated by subtracting from 
the binding which occurred by incubating the membranes at 4 °C 
for 5 min with “H-GABA, the bindmg that occured by incubating 
with "H-GABA plus 107° M unlabelled GABA. Only 7H-GABA 
(40 Ci mmol') was used when the lowest concentrations of ligand 
(1-30 mM) were tested, and a constant amount of *H-GABA 
(30 mM) plus various concentrations (30-120 nM) of nonradioec- 
tive GABA when the highest concentrations of the ligand were 
tested. The ligand tested was contained in 100 uJ which was 
incubated with a standard aliquot (200 ug protein) of membranes 
dispersed in 900 į of 50 mM Tris-citrate (pH 7.1). After incube- 
tion the reaction was terminated by centrifuging at 48,000g for 
10 min. The supernatant was discarded and the pellet rapidly 
rinsed with cold H,O and suspended in NCS (Amersham-Searle 
solubiliser) before counting. To study the action of the endogenous 
inhibitor, membranes were incubated at 0°C for 15 min, with 
7.5 pg of 500-fold purified endogenous inhibitor before the addi- 
tion of 7H-GABA. When the effect of diazepam was studied 
membranes were preincubated at 0°C for 15 min with 8x 1077 M 
before addition of inhibitor. Membranes incubated at 
0°C without the inhibitor or diazepam served as controls. Scat- 
chard analysis revealed two affinity components for GABA bind- 
ing. The apparent Kp for the low affinity component was: 111; 240 
and 286nM for control, diazepam+endogenous inhibitor and 
endogenous inhibitor, respectively. The apparent Kp for the high 
affinity component was: 28 and 33 nM for control and diazepam + 
endogenous inhibitor, respectively. A high affinity component for 
>H-GABA binding was not measurable in membranes prein- 
cubated with the endogenous inhibitor alone, In the insert the 
values of the specifically bound (SB)*H-GABA are plotted against 
the concentrations of "H-GABA in the incubation mixture. Pro- 
teins were determined with the method of Lowry '*. @, Control; A, 

diazepam + inhibitor; O, saa allel 
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site by competing with the endogenous inhibitor. In addition, 
this endogenous protein reduces the apparent affinity of diaze- 
pam for its recognition site. To study whether diazepam could 
change the activity of the endogenous inhibitor, the inhibitor 
was purified $00-fold using a previously described procedure’. 
In brief, the entire rat brain was homogenised in 5 mM Tris- 
citrate buffer (pH 7.1). After centrifugation, the supernatant 
was incubated at 95°C for 10 min and successively dialysed 
filtered on CF 50A Amicon membrane and chromatographed 
on Sephadex G-100 column. It was then purified further with 
Dowex 50X8 ion-exchange chromatography where it behaved 
as an acidic protein. 

As shown in Fig. 1a, the addition of this purified inhibitor to a 
crude preparation of synaptic membranes free of endogenous 
inhibitor (the inhibitor was removed by freezing and thawing 
and by treatment with Triton X-100, for details see Fig. 1 
legend), resulted in a substantial change of the kinetic charac- 
teristics of Na*-independent “H-GABA binding. Scatchard plot 
analysis of these data indicates that the addition of purified 
endogenous inhibitor to crude synaptic membrane preparations 
concealed the Na*-independent high affinity recognition sites 
for GABA and also changed the kinetic characteristics of the 
low affinity GABA binding sites (see Fig. 1). If the membranes 
were preincubated with diazepam, the action on the endogenous 
inhibitor on both high and low affinity components of GABA 
binding was reduced (Fig. 1). The data of Fig. 1 indicate that the 
action of the endogenous inhibitor on GABA binding ts 
apparently noncompetitive, and suggest a negative cooperative 
interaction between the inhibitor and the GABA recognition 
sites. Diazepam added in concentrations up to 107° M failed to 
change the binding of >H-GABA to an inhibitor-free crude 
synaptic membrane preparation, but increased the affinity bind- 
ing of 7>H-GABA to a fresh crude synaptic membrane pre- 
paration (see also ref. 14). Freshly prepared membranes 
revealed Na*-independent binding for *H-GABA with an 
apparent Kp of ~200 nM (low affinity component)’. As we 
have previously reported’*, the appearance of a high affinity 
component for *H-GABA binding in the fresh membrane pre- 
paration is prevented by the presence of the endogenous inhibi- 
tor. When fresh membranes were preincubated with diazepam 
(5x 10°’ M) there was a change in the kinetic characteristics of 
the 7H-GABA binding due to the appearance of a high affinity 
site with an apparent Kp of 36 nM in addition to the low affinity 
binding component (Kp = 200 nM). Hence, the addition of 
diazepam to a fresh membrane preparation changes the kinetics 
of GABA binding in a way similar to that elicited by the removal 
of the endogenous inhibitor by freezing, thawing washing with 
Tris buffer and treatment with Triton X-100 as described pre- 
viously”. 

The nature of the interaction between the various benzo- 
diazepines and the endogenous inhibitor was then studied by 
challenging different amounts of the endogenous inhibitor with 
a constant concentration of benzodiazepines. Figure 2a and b 
show the effects of 10%, 10°’ and 10°°M diazepam and of 
10°? M Ro-11(+) (a pharmacologically active benzodiazepine, 
see Fig. 2 legend) and Ro-11(-—) (the inactive isomer) on the 
inhibition of the high affinity °-H-GABA binding induced by the 
addition of increasing amounts of the endogenous inhibitor to 
the inhibitor-free membranes. In the presence of benzo- 
diazepines, the amount of inhibitor required to produce an 
inhibition of the high affinity GABA binding was increased. The 
difference was particularly significant when small doses of the 
inhibitor were used. For example, 2.5 pg of the endogenous 
inhibitor produced ~50% inhibition of the GABA binding in 
controls or in Ro-11(—)-treated membranes. The same amount 
of the endogenous inhibitor produced 10, 18 and 32% inhibition 
in the presence of 107°, 10°’, 10°* of diazepam, respectively and 
12.5% in the presence of 107 M Ro-11(+). The double 
reciprocal plot of the data indicates an apparent competitive 
interaction between the purified endogenous inhibitor and 
diazepam or Ro-11(+) (see inserts of Fig. 2a and b). The Hill 
plot analysis of the data gives a Hill coefficient for diazepam- and 
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Ro-11(+)-treated membranes higher than the HiH coefficient 
for membranes treated with solvent or Ro-11(—). This confirms 
that the negative cooperative action of the endogenous inhibitor 


on*?H-GABA binding is reverted by pretreating the membranes 


with pharmacologically active benzodiazepines. 

We have also tested the potency of a few benzodiazepines to 
compete with the endogenous inhibitor of GABA binding. 
Flunitrazepam and clonazepam were four to five times more 
potent than diazepam but diazepam was at least 10 times more 
potent than chlordiazepoxide and medazepam. These results 
suggest that the potency of different benzodiazepines in 
preventing the inhibition of the high affinity Na*-independent 
GABA binding by the endogenous inhibitor correlates with 
their binding affinity to saturable sites in rat brain membrane 
preparations’” and with the known pharmacological in vivo 
potency as antianxiety agents’®. 

The interaction between benzodiazepines and the endo- 
genous inhibitor of Na*-independent GABA binding raises the 
question of whether the endogenous inhibitor interacts with 
benzodiazepines because it functions as a soluble benzo- 
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Fig. 2 Interaction of diazepam (a) or Ro-11 (b) with various 
amounts of endogenous inhibitor of Na” -independent 3H-GABA 
binding. Crude synaptic membranes from rat cerebral cortex were 
prepared by successive freezing, thawing and washing with Tris 
buffer plus treatment with Triton X-100 aé for Fig. 1. Membranes 
were preincubated at 0°C for 15 min with diazepam (a) or Ro- 
11(+) or Ro-11(~) (6) before addition of inhibitor. In the insert 
double reciprocal plot of the data is shown, revealing an apparent 
competitive interaction between diazepam, Ro-11(+) and the 
endogenous inhibitor (1). This gives K values of 0.91 ug 
of inhibitor for controls, 3.3, 5.2 and 10.2pg for 10°°M, 
107M and 10°°M diazepam, respectively, and 9.2 ug of 
inhibitor protein for 107M Ro-11(+). Ro-11(+)= Ro- 
113128; [(+)-5-(O-chlorophenyl)- 1 ,3-dihydro-3-methy|-7-nitro- 
? H-1,4-benzodiazepine-2-one] is pharmacologically active and 
Ro-11(—)= Ro-113624 is inactive. Results similar to those 
reported here were obtained in five experiments with diazepam 
and in five with Ro-11. The average dose of the inhibitor which 
produced a 25% inhibition of the GABA binding is 0.5 + 0.018 pg 
in 10 preparations of the control membranes, 25% inhibition was 
achieved with 1.5 pg (+0.082), 2.5 pg (£0.10) and 4 wg (+0.28) of 
endogenous inhibitor in the presence of 1078, 10°’ and 10°° M of 
diazepam, respectively. A 25% inhibition was achieved with 
0.45 pg (40.020) of endogenous inhibitor in the presence of 
Ro-11(—) and with 3.8 ug (+0.30) in the presence of Ro-1 1(+). 
The difference between the controls and the Ro-11(~) is not 
significant. The difference between the controls and different 
diazepam doses among the different benzodiazepines doses and 
between Ro-li(—) and Ro-11(+) is statistically significant 
(P< 0.05). 
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Fig. 3 Scatchard plot of the "H-diazepam binding to control or 
endogenous inhibitor-treated crude synaptic membranes. Frozen, 
thawed and Triton X-100 treated crude synaptic membranes were 
prepared as described in Fig 1. Specific *H-diazepam binding was 
calculated by subtracting from the binding which occurred by 
incubating the membranes at 4°C for 15 min with *H-diarepam 
(0.75-24nM; 40Cımmor +), the binding that occurred by 
incubating with *H-diarepam and 107% M unlabelled diazepam?. 
Concentrations (0.75~24nM) of *H-diazepam (100 pl) were 
incubated with a standard aliquot (200 ug protein) of membranes 
dispersed in 900 wl of 50 mM Tris-citrate (pH 7.1) The equili- 
bnum binding was terminated by filtration under vacuum through 
Whatman CF/B glass-fibre filters which were washed twice with 
5 ml ice-cold Tris-catrate buffer pH 7.1. When the action of the 
endogenous inhibitor was studied, the membranes were incubated 
at 0O°C for 60 min in presence of 30 pg of 500-fold punfied 
endogenous inhibitor before addition of *H-diazepam. 
Membranes incubated at 0°C for 60 min without diazepam served 
as controls. Scatchard analysis gave a Kp of ~6 nM for controls 
and 24 nM for inhibitor-treated membranes. In the insert, the 
values of specifically bound (SB) *H-diazepam are plotted against 
the concentrations of *H-hazepam in the incubation medium. O, 
Controls; @, inhibitor present 


diazepine binding site or as an endogenous modulator of the 
benzodiazepines for their recognition site in crude synaptic 
membranes. In fresh membranes (rich in endogenous inhibitor), 
the extent of diazepam binding is less than in frozen and Triton 
X~100 treated membranes (free of endogenous inhibitor). Thus, 
these results exclude the possibility that the endogenous inhibi- 
tor acts as a soluble benzodiazepine recognition site. 

The data reported in Fig. 3 indicate that the endogenous 
inhibitor has some of the characteristics expected of a molecule 
that modulates the affinity of benzodiazepine receptors for this 
drug. The affinity of *H-diazepam for frozen Triton X-100- 
treated membrane preparations preincubated at 0°C for 60 min 
with the endogenous inhibitor was reduced when compared to 
that of similar membranes preincubated without endogenous 
inhibitor (Fig. 3). The action of the endogenous inhibitor on 

*H-diazepam binding (see Fig. 3) at 0°C was evident only when 
the endogenous inhibitor was preincubated with the membranes 
for 15 min or more. Preincubation of crude synaptic membranes 
with the endogenous inhibitor failed to change the kinetic profile 
of the recognition site of muscarinic receptors as studied by 
QNB binding’’. 
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In summary, the present experiments (compare Figs 1 and 3) 
indicate that an endogenous inhibitor protein isolated and 
purified from fresh membrane preparations acts noncom- 
petitively with GABA for its Na*-independent recognition site 
and interacts with diazepam binding. The function of diazepam 
binding is expressed as a modulation of the affinity of GABA 
recognition sites. Although binding of diazepam or of endo- 
genous inhibitor modifies GABA binding, they do not exert this 
effect by binding to GABA binding sites. This regulatory site 
may be linked to the high affinity site for benzodiazepine binding 
for which this endogenous inhibitor may act as a modulator or a 
natural agonist. 
This inference agrees with the lack of competition ERS 
GABA and *H-diazepam for specific binding to brain 
membranes: moreover, it is in keeping with the relationship 
between the brain location of *H-diazepam and *“H-GABA 
binding sites’ and is supported by the pharmacological inter- 
actions between diazepam and GABA receptor blockers’”. The 
apparent decrease in the affinity for *~H-diazepam binding in 
brain synaptic membranes pretreated with the endogenous 
inhibitor could suggest that the endogenous inhibitor is 
functioning as a natural ligand for the bezodiazepine receptors. 
However, interpretation of these data requires caution because 
the time constants of our measures are not sufficiently short. In 
fact, we are dealing with a very complex system in which the 
theoretical assumption of a rapid reversible equilibrium implied 
by any inference derived from the Scatchard analysis may not be 
satisfied. Although our data clearly indicate that the ‘endo- 
genous inhibitor’ may act as an ‘endogenous modulator’ of the 
benzodiazepine binding, it is at present impossible to establish 
whether this occurs as a result of a direct action at the high 
affinity receptor sites for the benzodiazepines or indirectly 
through an allosteric effect which involves the GABA/benzo- 
diazepine/Cl ionophore supramolecular complex. Studies are 
now in progress to elucidate this problem. These studies may 
also help to clarify the supramolecular nature of the postsynaptic 
GABA receptors and the role of the endogenous inhibitor 
protein in the regulation of the affinity of “H-GABA for the 
Na*-independent GABA recognition site. Preliminary work in 
our laboratory indicates that diazepam displaces the endo- 
genous protein inhibitor from its physiological binding sites also 
in vivo. Whether a change in the amount of this endogenous 
inhibitor bound to synaptic membranes plays a part in deter- 
mining the level of anxiety is not yet known but this can now be 
investigated. 
A. GUIDOTTI 
G. TOFFANO 
E. COSTA 

Laboratory of Preclinical Pharmacology, 

National Institute of Mental Health, 

Saint Elizabeths Hospital, 

Washington, D.C. 20032 


Recerved 27 Apri, accapted 31 July 1978 


i Costa, E, Gudotn, A, Mao, C C & Surm, A Lite Sa 17, 167-186 (1975) 

2 Gmdotn, A m A Genercuen of Progress (eds Lipton, M A, 
DiMeo, A & Killam, K F) Vol 18, 1349-1357 (Raven, New York, 1978) 

3 Pok, P, Mohler, H & Hantoty, W Naam yn-Schenindeberg's Arch Pharmac 348, 319-337 
(1974) 

4 Cha, D W, Farb, D H & Fochbech,G D Masore 269, 342-344 (1977) 

3 MacDonald, R & Barker,J L Metere 271, 563-564 (1978) 

6 ee & Costa, E Beal Prychias 12, 359-371 
1 

Oben, R W , Tickn, Mf K , Van New, P C & Graniec, D Bram Res 139, 277-294 (1978) 


Speth, R C, Westek,G J ,Joboson, P C & Yamamura, H I Life Se: 21, 859-866 (1978) 

Biggio, Q, Brode, B B, Costa, E & Gindotn, A Prec nam Acad Sa USA TA, 

3592-3596 (1977) 

12 Iver, L Matre 266, 678 (1977) 

13 Toffano, G , Gmdott, A & Cosa, E Prec. sem Acad Sa US A 78, 4024—4028 (1978) 
Acis as Chomucal 


Groengard, P } 1-28 (Raven, New York, 1975) 
17 Yamamura, HI & Sayder,8 H Proc. sam Acad. Sa US A TL, 1725-1729 1974) 
18 ay H , Roseabroogh,N J, Parr, A L & Randal, R J J ol Cham 193, 265-275 


un 
i 
D 





Is there a correction 
mechanism in the 5S multigene system? 


RIBOSOMAL GENES are present in many copies per cell in all 
living species. They are the classic example of the tandemly 
repeated multigene system, and have been studied in a wide 
variety of organisms, including man™?, Drosophila**, Xeno- 
pus*® and Escherichia coli’. Reiteration of these genes is 
presumably necessary to ensure the production of the large 
amounts of ribosomal and 5S RNA required for use in the 
ribosomes. However, the possession of multiple copies of a gene 
poses a special problem for evolution. If a lethal or deleterious 
mutation occurred in one gene of, for example, the 24,000 
present for the 5S DNA in Xenopus’, this would have no 
selective disadvantage for the organism. What then prevents the 
accumulation of lethal mutations in such a system? Presumably 
if the number of effective genes were reduced significantly 
natural selection would operate, But it has been suggested that a 
‘correction mechanism” exists to maintain the homogeneity of 
the multigene system without a requirement for natural selec- 
tion. We show here that two cloned repeats of Xenopus oocyte 
SS DNA are very similar but not identical in sequence. The 
similarity strongly suggests that a correction mechanism is 
operating, but it is not so precise as to cause the different repeats 
to be identical. A small but distinct degree of heterogeneity is 
tolerated. 

Two main kinds of correction mechanism have been pro- 
posed—‘sudden’ and ‘gradual’. The master-slave hypothesis” (a 
sudden mechanism) envisages the matching of a number of 
‘slave’ sequences to a single ‘master’ once per life cycle. Thus 
neighbouring repeats or slaves should be identical. In the oocyte 
5S DNA of Xenopus laevis adjacent repeating units are clearly 
heterogeneous in length"®, ruling out this mechanism. A gradual 
mechanism called ‘crossover fixation’ has been proposed by 
Smith'' and envisages a high rate of unequal crossing over, 
causing the fixation of multiple copies of a single ancestral 
repeat. This seems a more plausible theory, but the extent to 
which it operates is uncertain because the real extent of cor- 
rection or homogeneity between the members of a multigene 
system has never been absolutely clear. 

We have examined the extent of correction in detail for the 
oocyte 5S DNA gene system in Xenopus laevis. This DNA 
consists of a high A+T rich spacer made up of many short 
subrepeats followed by a G + C rich region which is a duplication 
of 174 nucleotides, containing the 5S gene and also a ‘pseudo- 
gene’ structure. The overall organisation of a repeat unit is 
shown in Fig. 1. Previous work on the oocyte 5S RNA'*"* has 
shown that it is a mixture of molecules, but the real extent of 
heterogeneity could not be assessed accurately'*. Recently the 
entire sequence of total frog 5S DNA was determined'*"'* but, 
again, microheterogeneity remained undetected, because a 
mixture of sequences was studied. We have compared the entire 
sequence of two cloned repeat units of oocyte 5S DNA, Xlo 5 


Fig. 1 Location of gene and pseudogene and the Haelll and 


HindIII sites in the 5S DNA monomer. 
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and Xlo 31. These are by definition unique species, so that the 
sequences obtained must actually exist and are not averaged’. 

The sequence of these repeat units was determined by the 
Maxam and Gilbert technique'*. Typical sequencing gels are 
shown in Fig. 2. The complete sequence of clone Xlo 5 is shown 
in Fig. 3 with the differences present in clone Xlo 31 indicated. 
Two types of microheterogeneity were found. The first involved 
the addition or deletion of oligonucleotide blocks in the A+T 
rich spacer region. This phenomenon has been previously noted 


Fig.2 Two thin gels'” showing different parts of the sequence of 
the 193—long Haelll fragment of Xlo 5. Missing residues denoted 
by X are methylated Cs situated in Eco RII restriction methylation 
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CAAAG'TETAGATPIPITCAAAG TIITCAAAGTITGATTIPITOAACOPPTTCAACGTITGCATIPITCAACOTPITCAAACTITCATTTTITCAACGTI PTCAACGPTPTC! 
C T š 
TPPTCAACGITTTCAAAGTTTAATTTTTCAGTTTTCAGTTTCATTT 
-10g 


~73g = -50g ei -30g -20g 


TTCAAAGTTTITCATPITCATPIPTTCCACAGTGCCGCTGACAAGTCAAGAAGCCGAAAAGTGCCGCTGTTCATC 
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GCCTACGGCCACACCACCCTGAAAGTGCCTGATCTCGTCTGATCTCAGAAGCGATACAGAGTCGGGCCTGGTTAGTACCTGGATCGGAGAC COCCTGOGAATACCAGOTOTCOTAGGOTT 
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= 
TTCAAAGTTTTCAACTTTATTTDGCCACAGCATCGCCGACAACTCATGGAGCCAAAAGGTGCTGCTGTICATC 


PSEUDOGENE 
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GCOTATAGCCACACTACCCTGAAAGTGCCTGCTCTCGTOTGATCTGTGAAGTGATACAGGGCCACGCCTGOTTAGTACCTGGATCGGAGACCCCCTGAGAAGTTTICAR 


Fig. 3 Comparison of the sequences of clone Xlo 5 and clone Xlo 31. The complete sequence of Xlo 5 is shown with the differences present in 
Xlo 31 indicated above. The cloned 5S DNA was purified as described previously’ ^. The sequence shown was obtained by digesting the 55 DNA 
with the restriction enzyme Haelll, producing four fragments, which were then radioactively labelled at their 7 ends using polynucleotide 
kinase, then strand-separated and sequenced by the Maxam and Gilbert technique'®, all as detailed previously ® , The only variations were that 
the sequencing gels were the recently developed ‘thin’ variety?’ and that the 58- long Haelil fragment was strand-separated by electrophoresis 
ona 20% 7 M urea polyacrylamide gel. The sequences of the three smaller Hae Ill fragments were completely determined, as was the sequence of 
the large A +T rich Haelll fragment of Xlo 31. However, there was a region in the middle of this large fragment in Xlo 5 where, because of the 
distance from either end, sequencing gels could not be read unambiguously. The gels could, however, be read in conjunction with the composite 
sequence deduced for this region in whole frog”, and the actual sequence of this fragment in Xlo 31. The sequence deduced, bounded by 
asterisks, must be an extremely close approximation to the actual sequence present in Xlo 5. The sequence shown here is that of the non-coding 
strand, hence if T residues were replaced by U residues the gene sequence would yield the sequence of 5S RNA. 


in other clones’® and is generally associated with variations in studies. Taken together these results suggest that there is a 


the number of copies of the oligonucleotide shown in square 
brackets. There were only two copies in Xlo 31 compared to six 
copies in Xlo 5. Also there was a T >C shift in the penultimate 
copy of this same oligonucleotide in clone Xlo 5 as previously 
noted for other clones’® giving the variant sequence C-A-A-A- 
G-T-T-C-G-A-G-T-T-T-T. In addition there were two block 
deletions of the underlined oligonucleotides in clone Xlo 31. 
The second type of microheterogeneity was point mutation: 12 
changes were observed, five occurring in the A+T rich spacer 
and the remaining seven in the G+C rich region. The dis- 
tribution of mutations amongst the G+C rich region is of 
interest. Three mutations are in the coding sequence (37g, 60g 
and 94g), three are in the pseudogene (39p, 59p and 62p) and 
one between them (—Ip). 

Apart from the well known’? length heterogeneity of the 
A+ T spacer caused by additions and deletions, we now see that 
point mutations occur fairly evenly throughout the entire repeat 
unit. The G+C region, which includes gene and pseudogene, is 
at least as heterogeneous as the A+T region. These studies 
involved two repeats out of a total of about 24,000 and so must 
be interpreted cautiously. But the result is supported by pre- 
vious work on oocyte 5S RNA". Microheterogeneity oc- 
curred at positions 30, 47, 53, 55, 56, 79 and 91 and a mixture of 
at least four and perhaps eight different sequences was 
present’*. The three positions of heterogeneity found here in the 
gene, namely 37g, 60g and 94g, are different and were presum- 
ably below the detection level in the previous RNA sequencing 


distinct and more extensive heterogeneity in the 55 RNA genes 
than was previously assumed. In fact we could speculate that 
every single SS RNA molecule might differ by at least one base. 
This disagrees with the concept that gene sequences are essen- 
tially identical’ `. 

This heterogeneity, though distinct, is far smaller than would 
be the case if there were no correction mechanism at all in 
operation. If this were so we would expect an almost complete 
sequence divergence assuming a mutation rate of 5x 107 
mutations per base pair per year’’ and a phylogenetic time scale 
of 350 Myr (ref. 20). Previous studies have shown that the 
sequence of 49 nucleotides immediately 3 to the gene is 
conserved in six different cloned repeating units”. This homo- 
geneity was also preserved in clone Alo 5. R is no accident that 
these 49 bases are thought to contaimthe putative 5S ‘promoter’ 
structure'**'®, This indicates that there are two different degrees 
of sequence conservation. A functionally important structure 
like the presumed promoter has its sequence completely 
conserved. The remainder of the spacer and also, surprisingly, 
the 5S gene sequence, seem to undergo a considerably lower 
level of sequence conservation. 

The concept of unequal crossing over is compatible with the 
observed sequence microheterogeneity. As noted previously” 
the presence of the 15-long oligoruclectide within a larger 
repeat structure correlates well with the prediction of the 
development of short and long range periodicities within 
the A+T spacer region'’. We must now assume that natural 
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selection will eliminate mutations in the promoter regions, 
whereas a level of heterogeneity in the spacer and gene regions 
can be tolerated. The extent to which the correction mechanism 
works on the gene sequences need only be enough to keep the 
heterogeneity of the 5S RNA in ribosomes within a limit which 
the animal can tolerate. As the precise function of 5S RNA is 
unknown, this limit is unclear, but is perhaps not more than a few 
mutations per the ‘averaged’ 5S RNA sequence’. 
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Splicing of SV40 late mRNA 
is a post-transcriptional process 


THE synthesis and metabolism of SV40 mRNA is being used as 
a model system to study RNA transcription and processing in 
animal cells. We and others have recently reported the finding of 
a novel mechanism of viral RNA maturation in SV40-infected 
cells'~’ in which the leader sequences (those found at the 5' ends 
of the main bodies of SV40 late mRNAs) and the adjacent 
coding sequences are transcribed from non-contiguous seg- 
ments of the viral DNA. Similar observations have been repor- 
ted for adenovirus mMRNAs*”. This process is known as splicing 
and may proceed by several possible routes. These include: 
intermolecular ligation of RNA; deletion in the DNA template 
of the intervening sequences; looping out of intervening DNA 
sequences so that the RNA polymerase could skip over short 
distances; and deletion of the appropriate intervening RNA 
sequences at the post-transcriptiona! level. We present here an 
analysis of R-loop structures’” formed between nuclear and 
cytoplasmic poly(A)” RNAs and linear SV40 DNA, which 
provides support for the last of these possibilities*®. A similar 
analysis has been carried out for B-globin mRNA”. 

It has been shown that nuclear poly(A)* viral RNA accumu- 
lates in the nucleus of the infected cell (refs 9, 10 and Y.A., 
M.H., O.L. and Y. Reuveni, submitted for publication). Figure 1 
shows that the majority of the poly(A)" viral RNAs present in 
the nuclei of infected cells sediments in sucrose gradient as 19S 
components: only a minor fraction sediments faster than 19S 
and no 16S poly(A)" viral RNA is observed. 

R-loops were obtained by annealing nuclear or cytoplasmic 
19S poly(A)” RNA with double-stranded linear SV40 DNA 
obtained by cleavage of form I DNA with BglI or Taq! restric- 
tion endonucleases. BglI and TaqI cleave form I DNA at 0.67 
and 0.58 map units respectively’. Figures 2 and 3 show the 
appearance of representative R-loop structures with their 
schematic tracings. There are two striking differences in the 
appearance of the R-loops: (1) the 5’ ends of the R-loops 
pertaining to the nuclear RNAs are closer to the restriction 
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Fig. 1 Sedimentation analysis of nuclear poly(A)* viral RNA. 
Forty-eight hours after infection of BSC-1 cells with plaque- 
purified SV40 stock (strain 777), cells were labelled with ~H- 
uridine for 5h and labelled nuclear RNA extracted’*. The °H- 
RNA was dissolved in 1 ml of 0.5 M NaCl, 0.01 M Tris-HCI 
pH 7.4 and fractionated on an oligo-dT-cellulose column (0.5 x 
3 cm) as described before'*. Poly(A)” RNA was eluted from the 
column with 0.01 M Tris-HCI pH 7.4 and collected by ethanol 
precipitation and centrifugation. Sedimentation analysis of the 
labelled RNA was performed in 15-30% (w/w)sucrose gradient in 
SDS buffer'*, centrifuged for 16h at 25,000 r.p.m. at 20°C ina 
Spinco SW27 rotor. At the end of the run, fractions were collected 
and the radioactivity counted in Triton-based scintillation fluid. 
Twenty-five-microlitre aliquots from each fraction were hybridised 
to $V40 DNA immobilised on nitrocellulose filters in 4 x SSC at 
68°C for 20h, as previously described'®. Fractions 10-20 were 
collected and used for the R-loop analysis. 


Fig. 2 Electron micrographs and their tracings of R-loops 
composed of linear SV40 DNA (form I cleaved at position 
0.67 map units with BglI restriction endonuclease)’ and cyto- 
plasmic 19S poly(A)” RNA in a or nuclear poly(A)” RNA in b. 
Preparation of the R-loops for electron microscopy was as detailed 
in ref. 3. In the tracing the letters represent: a, double-stranded 
DNA; b, free tail of poly(A); c, a heteroduplex DNA-RNA which 
includes the body of the RNAs; d, displaced single-stranded DNA; 
e, free tail of a ‘leader’; a’, double-stranded DNA. See text for 
differences between R-loops pertaining to nuclear and cytoplasmic 
19S poly(A)* RNAs. Scale bars = 0.5 um. 
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enzyme cleavage sites than are the 5' ends of those pertaining to 
the cytoplasmic RNAs; (2) free leaders are often seen at the 5’ 
ends of the R-loops pertaining to the cytoplasmic 19S RNA (in 
about 70% of the molecules), whereas they are observed much 
less frequently in the R-loops pertaining to the nuclear 19S viral 
RNA (in about 10% of the molecules). 

Figure 4 is a histogram summarising the map positions of the 
5' ends of nuclear and cytoplasmic 19S poly(A)” RNAs. The 
position of the 5‘ termini of the cytoplasmic RNA species (dark 
histogram) is represented by a reasonably sharp histogram with 
a mean at coordinate 0.77 + 0.01. The histogram for the location 
of the 5’ termini of the nuclear viral RNAs (striped histogram) is 
skewed towards an upstream position and is more hetero- 
geneous. The apparent sharpness of the histogram in nuclear 
RNA/SV40 DNA (Bgll1) (Fig. 4a) results presumably from the 
fact that the 5' ends of the R-loops are close to the BglI cleavage 
site and are therefore less stable. Indeed, ‘opened’ forked 
R-loops were observed in this preparation. The small peak at 
coordinate 0.95 represents a minor contamination with cyto- 
plasmic 16S RNA which is the predominant viral RNA accumu- 
lating in the infected cells. The heterogeneity of the location of 
the 5’ ends of nuclear viral RNAs is consistent with a model 
previously suggested for transcription of prokaryotic DNA”®. 
Accordingly, several RNA polymerases bind to a short stretch of 
DNA from which they are released in succession to begin 
transcription. 

The ability of the precursor nuclear poly(A)’ viral RNA to 
anneal to the entire length of the late portion of SV40 DNA 
(~0.67-0.17 map units) including the corresponding inter- 
ruptions between the leaders and the bodies of the cytoplasmic 
mRNAs indicates that splicing is a post-transcriptional process. 
Splicing of the precursor poly(A)” viral RNA may occur in the 
nucleus before the RNA molecule is transported to the cyto- 
plasm. It is possible, however, that splicing occurs during the 
transport from the nucleus to the cytoplasm or immediately after 
the molecule has reached the cytoplasm. The excision-ligation 


Fig. 3 Electron micrographs and their tracings of R-loops 

composed of linear SV40 DNA (form I cleaved at position 0.58 

map units with Taq! restriction endonuclease)’ and cytoplasmic 

19S poly(A)” RNA in a or nuclear poly(A)” RNA in b. See Fig. 2 
for explanations. 
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Fig.4 Histogram of the locations, on the physical map of SV 40, of 
the 5’ ends of the bodies of the 19S pely(A)” nuclear and cyto- 
plasmic viral RNAs. The locations of the 5' ends of the bodies of the 
viral RNAs were determined from measurements of molecules as 
in Figs 2 and 3. The distances between the 5' end of the R-loop and 
the restriction enzyme cleavage site (a in the tracing) were 
measured and expressed for each molecule as the fractional length 
of the viral DNA. The locations on thephysical map of SV40 DNA 
were determined by adding the value obtained to 0.67 in a and to 
0.58 in b. The dark histogram is cytoplasmic RNA and the striped 
histogram is nuclear RNA 


reaction in the precursor RNA moiecule is carried out, presum- 
ably, by an enzyme(s) which recognises short base-paired 
sequences in the precursor RNA molecule. This reaction would 
represent a novel mechanism in the regulation of gene expres- 
sion in animal cells. 
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3'-Terminal labelling 
of RNA with T4 RNA ligase 


T4 RNA LIGASE catalyses the formation of an internucleotide 
phosphodiester bond between an oligonucleotide donor mole- 
cule with a S'-terminal phosphate and an oligonucleotide accep- 
tor molecule with a 3'-terminal hydroxyl". Although the 
minimal acceptor must be a trinucleoside diphosphate, 
dinucleoside pyrophosphates and mononucleoside 3,5- 
bisphosphates (pNps) are effective donors in the intermolecular 
reaction*® °. We demonstrate here that various high molecular 
weight RNA molecules are acceptors in the RNA ligase reaction 
even when present in very low concentrations in the reaction 
mixture. One immediate consequence of this observation is that 
a convenient method for labelling the 3’ end of RNA molecules 
in vitro becomes available. By using a[5'-**P]pNp as a donor and 
RNA as an acceptor, the product of the reaction is an RNA 
molecule one nucleotide longer, with a 3'-terminal phosphate 
and a **P-phosphate in the last internucleotide linkage. This 
reaction is therefore analogous to the in vitro labelling of the 5’ 
termini of RNA chains with polynucleotide kinase and [y- 
**P]ATP and can be used in situations where 5’ labelling is not 
possible. In addition, the ability to add various donors to an 
RNA molecule should allow the function of the 3’ terminus of 
the molecule to be investigated. 

Twelve different purified preparations of one or more RNA 
species were tested for their ability to act as acceptors in the 
RNA ligase reaction (Table 1). These RNAs varied in chain 
length from ~870 nucleotides (smallest of the 10 segments of 
the reovirus genome’) to ~15,000 nucleotides (Sendai virus 
RNA”). [5'-"P]pAp or pCp, the donors in these reactions, were 
prepared from [y-" P]ATP and the corresponding 3' mono- 
phosphate using T4 polynucleotide kinase. In extensive studies 
with oligomers’ and tRNA’, pCp is found to be the more 
reactive donor and is, therefore, preferable for 3'-end labelling. 


Table 1 3' End labelling of RNA 


Concentration 
of acceptor 


in reaction Yield 

RNA (source) (nM) (%) 
E. coli 16S rRNA (C. Cantor) 120 42 
E. coli 23S rRNA (D. Shapiro) 40 18 
E. coli 238+ 16S rRNA (S. Rose) 200 44 
Rabbit reticulocyte 18S rRNA (D. Shapiro) 110 24 
Human 28S rRNA (B. Coté) 40 39 
Satellite tobacco necrosis virus (STNV)RNA 180 93 

(J. Clark, Jr) 

Brome mosaic virus RNA 1-4 (P. Kaesberg) 85 77 
Brome mosaic virus RNA 4 (P. Kaesberg) 220 54 
QB virus RNA (P. Cole) 60 25 
Sendai virus RNA (D. Kolakofsky) 12 107 
Reovirus RNA (A. Shatkin) 130 8 
Ovalbumin mRNA (D. Shapiro) 100 114 


Reactions were carried out in a total volume of 30 pl in the following 
conditions: 1g RNA (12-220 nM), [5'-*P]pAp (1M, 850- 
1.520 Ci mmol `), ATP (54M), HEPES (50mM, pH 8.3), MgCl, 
(10 mM), dithiothreitol (3.3 mM), dimethyl sulphoxide (10%, v/v), 
glycerol (15%, v/v) and RNA ligase (400 units ml’, 200 ug ml '), and 
incubated at 4 °C for 24 h. (The RNAs were provided by those named in 
parentheses.) Yields were determined from the amount of radioactivity 
precipitable on a nitrocellulose filter in 5% trichloroacetic acid (TCA), 
100% reaction equalling the number of mols of RNA added. However, 
as several samples were contaminated with smaller RNAs their values 
generally represent an overestimate of the yield. For example, high 
levels of incorporation were not expected for STNV RNA, as about 
50% of the 3' ends are blocked with a phosphate'®. Analysis on a 20% 
acrylamide gel indicated that the majority of TCA-precipitable label 
was incorporated into oligomers less than 80 nucleotides in length. 
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Fig. 1 Analysis of RNA ligase reactions by vertical, denaturing 
polyacrylamide gel electrophoresis. Aliquots from reactions in 9 M 
urea-glycerol (1:1, v:v) were loaded on to acrylamide slab gels 
(19:1, acrylamide: bisacrylamide; 3 mm x 22 cm) containing 7M 
urea, 90 mM Tris-borate (pH 8.3) and 10 mM EDTA?” and 
electrophoresed at 250 V at 25°C with the borate-EDTA as 
running buffer. In adjacent wells, 1-3 ug of the unreacted RNAs 
were run. Radioactive bands were visualised by autoradiography. 
The lines indicate the position of the unreacted RNAs visualised 
with ‘Stains-All’. a, BMV (,_4), BMV, reovirus and STNV were 
electrophoresed for 16h on a 4% acrylamide gel. b, 16S rRNA, 
23S plus 16S RNA, 18S rRNA, 28S rRNA, QB and Sendai were 
electrophoresed for 20 h on a 2.5% acrylamide gel. 


Each reaction contained 1 ug of RNA, a substantial excess of 
donor and ATP, anda high concentration of RNA ligase (5 uM). 
A low temperature (4 °C) and long incubation time (> 16 h) were 
chosen to minimise the rapid loss of RNA ligase activity which 
occurs at higher temperatures*'’. Finally, we have found that 
the extent of reaction is increased two- to threefold* by including 
10% dimethyl sulphoxide in the reaction mixture. 

Analysis of the yields by acid precipitation of the RNA and 
Millipore filtration indicated that although all 12 RNA pre- 
parations were acceptors, the efficiency of the reaction varied 
considerably. Differences in the concentration of 3° termini 
cannot be the only cause for this, as no correlation between yield 
and concentration was observed. The sequence and the secon- 
dary structure at the 3’ end of the RNA are also thought to affect 
the reaction yield. Comparison of oligonucleotide acceptors 
indicates that the composition of the terminal three nucleotides 
has a strong influence on yield*. The known specificity of RNA 
ligase for single-stranded RNA"? can account for the low yield 
encountered for the ‘blunt’, double-stranded end of reovirus 
RNA and suggests that a 3’-terminal secondary structure could 
explain the comparatively low yields with other RNAs. 

In Fig. 1, the products of the reactions in Table 1 are analysed 
by acrylamide gel electrophoresis in 7M urea, where the 
secondary structure of RNA is minimised. Autoradiography of 
the gels reveals that the major **P-labelled RNA bands migrate 
closely with the major staining bands. This observation supports 
the conclusion that the [5'-**P]-labelled nucleotide bisphos- 
phate has been added on to the 3’ end of the RNA. When a 
mixture of RNA molecules was used in a reaction (Escherichia 
coli rRNA, brome mosaic virus (BMV) and reovirus) all species 
were labelled to a similar extent. In addition, contaminating 
RNAs present in the reaction mixture are also labelled. In 
several of these cases, the smaller contaminants have run off the 
end of the gel and can only be detected with higher percentage 
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gels. However, we can exclude fragmentation of the product 
during the ligation reaction, as smaller RNAs are not observed 
in all cases. 

In several of the reactions in Table 1, the *’P-labelled RNA 
products have been purified from the unreacted bisphosphate 
and any low molecular weight impurities by Sephadex G-100 
column chromatography. Complete digestion of these RNAs 
with a mixture of ribonucleases A, T, and T, and analysis of the 
products by high-voltage paper electrophoresis give a single 

*P-labelled nucleoside monophosphate corresponding to the 
known 3'-terminal nucleotide of the RNA molecule (Fig. 2). In 
the case of double-stranded reovirus RNA, analysis of a T, 
digest of the labelled RNA indicates that the 3’ ends of both the 
plus and the minus strands were being labelled to a similar extent 
(A. Shatkin, personal communication). Finally, it is important to 
note that no reaction occurs at the 3' hydroxyl of m’G of the 
‘cap’ structures on reovirus RNA, BMV RNA or ovalbumin 
mRNA. It is unlikely that cap structures will be substrates for 
RNA ligase, as a trinucleoside diphosphate is required as a 
minimal acceptor’’ and isolated AdoS’ppp5’Guo was found to 
be inactive as a donor’. 

The use of T4 RNA ligase to label the 3’ end of RNA in vitro 
offers several advantages over other methods of in vitro labelling 
of RNA. First, the 3' ends of RNA molecules are usually free 3’ 
hydroxy! groups and therefore can be used directly as acceptors 
for RNA ligase. In contrast, labelling the 5’ ends of RNA with 
T4 polynucleotide kinase is often complicated by the presence of 
one or more 5’'-terminal phosphates or the ‘cap’ structure, which 
must be removed before the labelling reaction can be carried 
out. Second, as endonucleolytic breakdown products of RNAs 
will often have a 3’-terminal phosphate and a 5'-terminal 
hydroxyl, they will be labelled by polynucleotide kinase but not 
by RNA ligase. Thus, RNA ligase reactions will have fewer 
radiolabelled contaminants. Third, in contrast to other in vitro 
procedures that are limited to a single isotope’*’’, nucleoside 
3',5’-bisphosphates may be prepared as 5’-*’P or with °H or “C 
in the nucleoside. ('7°1)5- iodocytidine 3’,5’-bisphosphate is also 
a donor in the RNA ligase reaction’. Finally, as preparations of 
RNA ligase can be made free of nucleases and the reaction 
conditions are extremely mild, the labelled RNA can be reco- 
vered intact in high yields. 


Fig. 2 Nearest-neighbour analysis of 3'-end labelled RNA. The 
RNAs from ligation reactions were purified by gel filtration on 
Sephadex G-100, ethanol-precipitated and degraded com ewe 
with a mixture of RNases A, T, and T, according to Barrel”? 

3’ mononucleotides were resolved by paper spn E A on 
Whatman no. | in 0.025 M Na citrate, pH 4.0, at 4,500 V for 2h 
(ref, 21). The sequences of the 3’ termini of 18S rRNA, O8, BMV,, 
Sendai and reovirus have been reported elsewhere (refs 22, 23, 17, 

24, 25, respectively). 
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RNA with a radiolabel at the 3’ end may be used to determine 
the sequence of nucleotides near the label by one of several 
recently developed methods'*"'*. For example, 15 nucleotides 
of the 3’-terminal sequence of BMV-4 RNA were confirmed” 
with material prepared in this work by using the two-dimen- 
sional ‘wandering-spot’ sequencing procedure (R. Dasgupta and 
P. Kaesberg, personal communication). Thus, ?’-terminal label- 
ling with RNA ligase complements 5’-terminal labelling with 
polynucleotide kinase, and the two methods may be used to 
study the sequence at both ends of a molecule and, if the 
molecule is short enough, confirm the results of the other 
method. 

We thank our colleagues (listed in Table 1) for RNA samples, 
Dr L. Beres and NEN for samples of (5'--"P)pNp’s, and V. 
Cameron for technical assistance. This work was supported by 
NIH grant GM 19059. 
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Cloning of replication origins 
from the E. coli K12 chromosome 


MINIPLASMIDS, containing only an origin of replication and 
plasmid-coded functions necessary for plasmid replication and 
maintenance have been isolated from larger plasmids’. The 
technique used was to cleave the parent plasmid with the 
restriction endonuclease EcoRI and reanneal and ligate the 
fragments so generated in the presence of another EcoRI- 
generated fragment of DNA coding for a 8-lactamase. This 
second fragment was not capable ef self-replication but hybrids 
between it and a plasmid fragment which was able to replicate 
could be detected because calls of Escherichia coli transformed 
with such hybrids would be resistant to ampicillin. We have used 
the same technique to isolate minichromosomes from the total 
chromosomal DNA of E. coli K12 and have found that two 
different chromosomal EcoRI fragments can function as 
autonomously replicating plasmids. One type of plasmid is 
indistinguishable from that isolated independently by Yasuda 
and Hirota? and contains the origin of replication normally 

active in chromosome replication termed oriC (refs 3-6). The 
other type, which we call oriJ plasmids to distinguish them from 


&) Macmillan Journals Lid 197K 


562 


oriC plasmids, are described below. Both types can be isolated 
from a single strain of E. coli and they contain chromosomal 
DNA which is not homologous in DNA- DNA hybridisation 
studies. Consequently we conclude that the E. coli K12 
chromosome contains at least two segments of DNA capable of 
self-replication. 

The fragment of DNA coding for 8-lactamase (the Ap frag- 
ment) used in our study was obtained from an amplifiable 
ColE1-Ap plasmid (pLG1) which was constructed by in vivo 
ligation of the Ap fragment (4.5 megadaltons) of the plasmid 
p$C122 (ref. 1) with Col El DNA which had been cleaved at its 
single EcoRI site. ColE1-Ap amplified by incubation of its host 
in chloramphenicol’ was purified? and cleaved with EcoRI and 
the Ap fragment separated in an equilibrium density gradient of 
CsC1, making use of a density difference between it (p = 1.693) 
and the linear form of ColE 1 (p = 1.710) (ref. 7). 

In one experiment, an Ap fragment preparation (lug) was 
annealed and ligated” with an EcoRI digest of E. coli K12 DNA 
(3 ug) isolated from strain C600 (ref. 10) by Marmur’s 
method'’, After dialysis, the ligation mixture was used to trans- 
form’? the F` recA strain AB2463 (ref. 12), and ampicillin 
resistant transformants were selected on appropriately supple- 
mented M9 = synthetic medium’ containing ampicillin 
(40 ugm’). Before plating the transformed cells were 
incubated in LB broth’? for 90 min at 37 °C to permit expression 
of the B-lactamase gene. Of 1,500 ampicillin-resistant colonies 
which emerged, 1,000 were tested and 5 found to be sensitive to 
colicin El. Three of these gave ampicillin-sensitive segregants, 
and were found to contain plasmid DNA when total lysates’® 
were analysed in CsCl-ethidium bromide equilibrium density 


Fig. 1 Homology studies with oriJ -Ap DNA. OriJ-Ap (0.5 ug) 
was labelled with °P (1-5 x 10° cpm ug ') by nick-translation t£. 
This probe was hybridised'"'” to DNA (0.1-0.15 ug) that had 
been previously digested to complesfion with EcoRI, fractionated 
by electrophoresis (90 min at 150 V) in 0.8% agarose containing 
Tris~borate-EDTA buffer’’, denatured in the gel by treatment 
with alkali and finally blotted onto nitrocellulose filters., Hybridis- 
ation was carried out in 3x SSC at 65 °C for 2d. The filters were 
given a post-hybridisation wash in 3 x SSC followed by 0.1 x SSC at 
64°C. Hybridisation bands were detected by autoradiography 
using a Kodak X-Omat film that was exposed to the filters at 
—80°C for 18h (tracks b, d, f. kh) or 6d (track j}. The ethidium- 
bromide pattern (left) and the corresponding DNA material that 
hybridises with the probe (right) are shown in pairs: tracks (a) and 
(b) ColE1 DNA x EcoRI, (c) and (d) Ap fragment, (e) and (7) 
oriJ -Ap x EcoRI (control), (g) and (h }C600 DNA x EcoRI and (7) 
and (J) AcI1857 DNA x EcoRI. (Molecular weights of A frag- 
ments: 13.7, 4.7, 3.7, 3.5, 3.0 and 2.0 megadaltons respectively; 
3.7 and 3.5 megadalton fragments are not resolved in the gel). 
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gradients”. DNA isolated from C600, AB2463, and a pooled 
extract from 10 ampicillin-sensitive segregants of one ampicillin 
resistant clone, contained no detectable plasmid DNA. 

Each of the three plasmids from the ampicillin-resistant, 
colicin-sensitive clones gave two Eco RI cleavage fragments, one 
of 4.5 megadaltons corresponding to the Ap fragment and 
another of 8.3 megadaltons. They seemed to be identical on the 
basis of subsequent analysis with HindHI. One of them, called 
ori]-Ap (pL.G2), was subjected to further analysis. Interest- 
ingly, none of these first three plasmids had an EcoRI fragment 
of 5.9 megadaltons as reported for the oriC plasmids. The 8.3 
megadaltons fragment is not a derivative of ColEl 
(4.2 megadaltons), the only other replicon known to be involved 
in our protocol, and is not derived from contaminating DNA. 
Both alternatives were ruled out by DNA - DNA hybridisation 
using a modification?" of Southern’s'” method. OriJ-Ap DNA 
was labelled to high specific activity with 7P by nick-trans- 
lation’®. This DNA was then used as a probe to test for hybri- 
disation against EcoRI-digested ColEI1 DNA, Ap DNA, 
EcoRI-digested oriJ -Ap DNA, an EcoRI digest of E. coli DNA 
from strain C600 and an EcoRI -digest of bacteriophage Ac/857 
DNA. No hybridisation occurred between ColE1 and oriJ-Ap 
(Fig. la, b) indicating that they contain no extensive sequence 
homology and thus that the latter is not derived from the former. 
Asa control it can be seen that both EcoRI fragments of oriJ -Ap 
(Fig. le, f) and the Ap fragment (Fig. ic, d) hybridised with 
ori] -Ap DNA. Figure 1g, h shows that E. coli DNA contains an 
EcoRI fragment 8.3 megadaltons in size which hybridises with 
oriJ-Ap. On the other hand (data not shown) the Ap fragment 
itself shows no hybridisation with E. coli DNA, hence the 
hybridisation seen in Fig. 14 must be between E. coli DNA and 
the 8.3 megadalton fragment of ort. 

The two EcoRI fragments of bacteriophage AcI 857 DNA 
which contain the cohesive ends”? gave a faint reaction with the 
oriJ-Ap probe but no hybridisation was detected with the 
4,7-megadalton fragment which contains the origin of phage 
replication”? (Fig. 1, track f). Note that in Fig. 1 the exposure 
time for track j was 8 times longer than for other tracks. The 
significance of the faint reaction is not clear but the absence of 
homology with the 4.7-megadalton fragment suggests that oriJ 
is not derived from ADNA which might be present in the C600 
chromosome. 

A further study of the structure of oriJ -Ap was made by a 
combination of restriction analysis with EcoRI and HindIII 
enzymes and hybridisation with a **P-labelled Ap DNA probe. 
The results obtained are shown in Fig. 2 and confirm that the 
4.5-megadalton EcoRI fragment of oriJ-Ap is the Ap fragment 
used in the cloning experiment, and are consistent only with the 
restriction map shown in Fig. 2B or with one in which the order 
of the 2.4- and 1.4-megadalton segments is reversed. Restric- 
tion analysis with BamH1 enzyme (data not shown) confirm the 
order given in Fig. 28. 

To compare the restriction map of ori] with that of the 
homologous 8.3-megadalton fragment of C600 chromosomal 
DNA, *’P-labelled oriJ-Ap was hybridised against C600 DNA 
digested with EcoRI, HindIII or both endonucleases (Fig. 2C). 
An analysis of the molecular weights of the major hybridisation 
bands shows that the 8.3-megadalton fragment present in the 
C600 chromosome generates a family of HindIII] fragments 
indistinguishable from the fragments generated by the 8.3- 
megadalton component of oriJ-Ap. Thus it seems that a single 
segment of chromosomal DNA has been incorporated into 
oriJ -Ap probably without major structural rearrangements. The 
data in Fig. 2C also provide information about the location of 
the two HindIII cleavage sites adjacent to the 8.3-megadalton 
segment and these are indicated in Fig. 2D. 

It is conceivable that different K12 strains have different 
restriction target maps in the neighbourhood of the 
chromosome origin and that oriJ and oriC both contain the same 
origin of replication. Strain KL228 (ref. 21) is an Hfr from which 
F-prime derivatives have been isolated that carry a 5.9- 
megadalton EcoRi fragment inside a restriction map which is 
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indistinguishable from that of the 5.9-megadalton fragment of 
oriC (ref. 4). When oriJ-Ap was used as a probe to test for 
hybridisation with an EcoRI digest of DNA from KL228, no 
hybridisation was found in the 5.9-megadalton region (Fig. 2C, 
track d). On the contrary, the hybridisation pattern against the 
EcoRI digest and a HindIII digest (Fig.2A, d and e)of this DNA 
indicates that it contains the oriJ segment. Thus KL228 pro- 
bably contains both the oriC and ori] segments. 

If the two plasmids are derived from distinct regions of the 
K12 chromosome then both should be recoverable in a single 
DNA preparation. The fact that none of the three ampicillin 
resistant clones isolated by us contained oriC plasmids whereas 
all three such clones isolated in a similar way by Yasuda and 
Hirota did so, suggested that the choice of recipient strain might 
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Fig.2 Physical analysis of oriJ-Ap and of the homologous E. coli 
K12 chromosomal region. A, Combined restriction and hybridisa- 
tion analysis of oriJ-Ap. OriJ-Ap (0.3 ug) was digested with 
EcoRI, HindIII or both enzymes, and the products fractionated by 
electrophoresis in agarose gel and hybridised with Ap DNA 
(0.5 ug) labelled with *’P as indicated in Fig. 1. The Ap fragment 
(0.1 ug) was also included in the gel as a control for subsequent 
hybridisation with this probe. The ethidium bromide pattern (left) 
and the corresponding DNA material that hybridises with the 
probe (right) are shown in pairs. Tracks (a) and (6), Ap fragment 
(control); (c) and (d), oriJ-Apx EcoRI; (e) and (f), oriJ-Ap x 
Hindlll; (g) and (h), oriJ-Apx EcoRI x HindIII. Molecular 
weights of the fragments are given in megadaltons and were 
calculated using Ac7857 DNA x EcoRI fragments as standard. B, 
Physical map of the oriJ -Ap plasmid based on data in (A). Broad 
curve, Ap fragment; thin curve, chromosomal material; arrows, 
HindIII restriction target. The two EcoRI targets are at the two 
junctions of the Ap fragment and the chromosomal DNA. C, 
Hybridisation analysis of E. coli DNA with oriJ-Ap . OriJ-Ap 
(0.5 ug) was used as a *P-labelled probe to test for hybridisation 
with DNA from E. coli strains C600 and KL228 which had been 
digested with EcoRI and/or HindIII enzymes. All operations were 
basically as described in Fig. 1 except that the electrophoresis was 
run for 12h at 20 V. Tracks (a), (b) and (c) show respectively 
hybridisation found against C600 DNA digested with EcoRI, 
HindIII, and both enzymes. Tracks (d) and (e) show hybridisation 
found in KL228 treated with EcoRI and HindIII respectively. 
Molecular weights of the hybridisation bands are given in 
megadaltons and were calculated as before. D, Two alternative 
HindIII maps (a and 5) of the homologous region to oriJ in the E. 
coli chromosome based on data in (C) assuming that the orders of 
the fragments in the chromosome and the oriJ probe are identical 
(thick line). 
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be important. In particular it seemed possible that the use of an 
Hfr strain as recipient might favour the isolation of oriC plas- 
mids because in such strains the predicted interference of sucha 
plasmid with chromosome replication as a consequence of 
control of copy number’ might be alleviated because 
chromosome replication could be driven by the integrated F 
factor’***. We also noticed that on rich medium there was 
selection against colonies containing the oriJ-Ap plasmid. We 
therefore prepared a new ligation mixture of EcoRI digested 
C600 DNA (1.5 pg) and Ap DNA (1.5 ug). transformed the Hfr 
LC248 (ref. 2) with it and selected ampicillin-resistant colonies 
on LB medium containing 20 yg ml‘ ampicillin as indicated by 
Yasuda and Hirota’. Five colicin E1 sensitive clones which 
segregated ampicillin sensitive cells were found among 300 
ampicillin resistant colonies. Plasmid DNA (pLG6) isolated 
from one of these colonies chosen at random was analysed in the 
manner described for oriJ-Ap. It was found to be indistinguish- 
able from oriC on the basis of its distribution of HindIII and 
EcoRI sites and homologous DNA fragments of similar size 
were found in C600 DNA. In addition, the sizes of the fragments 
which hybridise with oriC are those predicted if the HindIII sites 
adjacent to the 5.9-megadalton oriC fragment are at the loca- 
tions found by Marsh and Worcel’. Thus we conclude that pLG6 
is probably identical to oriC. This conclusion is confirmed by the 
data shown in Fig. 3 which also demonstrate that oriC and ori 
do not cross-hybridise with each other. In this experiment, DNA 
from the bacteriophage Aasn 132 (ref. 25), a hybrid A which 
contains a segment of chromosomal DNA including an origin of 
replication within a 5.9-megadalton EcoRI fragment****, was 
cleaved with EcoRI and the EcoRI fragments tested for 
homology with pLG6 by hybridisation. An EcoRI digest of 
ori] -Ap was included in the same experiment. It can be seen that 
pLG6 hybridises with the 5.9-megadalton fragment of Aasn 132 
(Fig. 3a, b), thus confirming that pLG6 is homologous with the 
oriC region as defined by others******. In addition, there is no 
hybridisation between pLG6 DNA and the 8.3-megadalton 
fragment of oriJ indicating that the two origin plasmids share no 
significant homology (Fig. 3c, d). 


Fig.3 Hybridisation analysis of asn 132 and oriJ -Ap with oriC- 
Ap. OriC-Ap was labelled with *2P and used as a probe to test for 
hybridisation with Aasn 132 DNA (0.3 ug) digested with EcoRI! 
and oriJ-Ap DNA (0.2 ug) digested with EcoRI, basically as 
described in Fig. 1. Aasn 132 was isolated from strain CM848 (E 
coli K12 F*, thi. asn (Aasn 132, AcI857 S7): source K. von 
Meyenburg) using published methods*’. Tracks (b) to (d) show, in 
pairs, the ethidium bromide pattern (left) and the corresponding 
hybridisation picture (right): (a) and (b) Aasn 132 DNA x EcoRI 
(c) and (d) oriJ-Ap x EcoRI. The hybridisation pattern found in 
the oriC region was obtained after 3 h exposure of the autoradio- 
graph and the one found in the Ap region after 60h exposure. 
Molecular weights of the Aasm 132 EcoRI fragments (megadal- 
tons): 8.2, 6.0, 4.7, 3.7 (3.5), 2.5, 2.0, 1.2. 
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In relation to the location and functions of the segment of 
chromosomal DNA which gives rise to oriJ plasmids, it is 
pertinent to note that several authors’’** have postulated the 
existence of a cryptic prophage integrated in the sbcA-rac 
region of the E. coli chromosome and that interestingly the 
strain that we used as a host for oriJ -Ap lacks this prophage. It is 
noteworthy to mention in this respect that we found a drastic 
reduction in the transformation frequency with oriJ -Ap in some 
other strains of E. coli K12. A full structural analysis of the 
sbcA-rac region in C600 and AB2463 strains and a study of the 
replication of oriJ -Ap in these hosts is in progress. 

It is not yet clear to what extent the efficiency of isolation of 
oriC plasmids is influenced by the use of an Hfr recipient as 
opposed to an F`. We have observed that the Hfr recipient 
LC248 and the F` recipient AB2463 are transformed with 
similar efficiency by oriC-Ap with selection on either M9 or LB 
media but that the oriC plasmid caused a much more severe 
inhibition of growth of the F` strain than of the Hfr particularly 
on M9 medium. The basis of these differences in growth rate are 
being analysed in more detail and in particular the hypothesis 
that chromosome replication is driven by the inserted F plasmid 
in Hfr oriC strains is being tested directly. 

We thank S. Falkow, J. Collins, K. von Meyenburg, B. 
Wilkins, M. Chandler and R. Rowbury for strains; K. von 
Meyenburg for data before publication; A. Jeffreys for dis- 
cussions and advice on hybridisation techniques; P. Barnsley 
and G. Lycett for samples of DNA; K. Murray for the EcoRI 
and B. Spratt for ampicillin. This work was supported in part 
by SRC grant B/SR/3113 to R.H.P. R.D. was supported by 
fellowships from the Royal Society and from the CSIC 
(Spain). 
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Stereochemistry of phosphoryl group 
transfer using a chiral ['°O, "O, 0] 
stereochemical course 

of alkaline phosphatase 


THE recent synthesis and stereochemical analysis of a phos- 
phate monoester chiral at phosphorus by virtue only of the three 
stable isotopes of oxygen'’ opens the way to the determination 
of the stereochemical course of both chemical and enzymatic 
reactions that involve the transfer of a phosphoryl group. We 
report here the first determination of the stereochemical 
consequence at phosphorus of an intermolecular phosphoryl 
transfer reaction. In studying the reaction catalysed by alkaline 
phosphatase we had two aims: first, to discover the stereo- 
chemical course of this well-studied transfer, and second to 
devise a general method by which the configuration of any chiral 
phosphate monoester can be determined. 

The alkaline phosphatase from Escherichia coli is a 
nonspecific phosphate monoesterase’, and there is good evi- 
dence that the readily-formed phosphoryi enzyme is a reaction 
intermediate in the mechanistic pathway normally followed by 
this enzyme’. As with many other enzymes that catalyse hydro- 
lytic reactions, alkaline phosphatase readily catalyses the trans- 
fer of phosphoryl groups to acceptors other than water, such as 
alcohols*. As our method for determining the absolute 
configuration of a chiral ['°O,'’O,'"O]phosphoryl group 
requires its attachment to one enantiomer of propane-1,2-diol, 
this compound was used as the acceptor in the present experi- 
ments. 

Phenyl[(R)-'°O, '’O, *O}]phosphate was prepared as the 
crystalline dicyclohexylammonium salt by the method outlined 
in Fig. 1, which closely parallels that used earlier to pre- 
pare [1(R)-'°O, "O, '8O]phospho-(S)-propane-1,2-diol'. The 
disodium salt of chiral phenyl phosphate (270 mg) was dissolved 
in water (4.0ml) containing KHCO; (1.2 mmol), KCO, 
(1.2 mmol), Zn(OAc), (30 nmol), and Me(OAc); (3 pmol). (S)- 
Propane-1,2-diol (4.0 ml) was added, and the reaction initiated 
with alkaline phosphatase (10 units E. coli enzyme, Sigma). 
When 49% of the phenyl phosphate had been solvolysed, the 
reaction was stopped by the addition of Dowex 50 (H* form). 
The mixture of 1- and 2-phosphopropane- 1,2-diols was isolated 
by ion-exchange chromatography on DEAE-cellulose and on 
Dowex 1 in 30% yield (based on the phenyl phosphate 
consumed). This material comprised the 1- and 2-isomersin 9:1 
ratio, from which the 1-isomer of phosphopropane-1,2-diol was 
obtained (containing <3% of the 2-isomer) by crystallisation of 
the dicyclohexylammonium salt from acetone—water at — 20 °C. 
The isotopic composition of the peripheral phosphate oxygens 
was: '°O, 43.7%; O, 15.3% ; and '*O, 41%. These percentages 
were identical (to within 1%) with the isotope ratios for the 
peripheral oxygens of the phenyl phosphate starting material. 

The absolute configuration of the product 1- 
['O, VO, '*O}phosphopropane-1,2-diol was then determined 
by the sequence described earlier’ (this involves ring closure, 
methylation of an exocyclic oxygen, separation of the resulting 
diastereoisomeric triesters, methanolytic ring opening, and 
linked-scan metastable ion mass spectrometry). The configura- 
tion at phosphorus in the product was found to be R (92% + 
6% ), showing that the phosphoryl group has been transferred 
with overall retention of configuration at phosphorus. 

Of all enzymes that involve the transfer of a phosphoryl group 
(including phosphatases, phosphokinases and phos- 
phomutases), the alkaline phosphatase from E. coli is one of the 
most thoroughly investigated. The evidence that the isolable 
phosphoryl enzyme is indeed an intermediate on the normal 
reaction pathway is good’, and the process is evidently of the 
‘double-displacement’ class’. It is therefore gratifying to find 


@ Macmillan Journals Ltd 1978 


Nature Vol 275 12 October 1978 





MeNH Bi = 
We N -Me 
POCI + u , WE > RC " 
H H 
pOH NEt, 
ai 
+ $ -o = 
MeNH $ 
-0 £ Me 
: Np H He \p nN = 
N _—— 4 \ i 
| Yon H SA: 
e H H 





Fig.1 Synthesis of phenyl[(R)-'°0, "O, *O}phosphate and 
enzyme-catalysed transfer of the chiral phosphoryl group to 
i (S)propane-1,2-dlol. 


that the stereochemical consequence of this reaction is indeed 
retention. While we cannot yet define the stereochemical course 
of each of the two single displacement steps (the formation of the 
phosphoryl-enzyme and its collapse), the probability that the 
phosphorylation is effectively (even if not precisely) the micro- 
scopic reverse of the dephosphorylation, makes overall reten- 
tion the anticipated result. Further, this work in principle allows 
the absolute configuration of any chiral ['*O, YO, **O]phos- 
phate monoester to be determined, facilitating the definition of 
the stereochemical course of phosphoryl transfer reactions that 
are mechanistically ambiguous. 
This work was supported by a grant from the NIH. 
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Nanosecond transient Raman 
spectra of 
photolysed carboxyhaemoglobin 


CONFORMATIONAL CHANGES accompanying the photolysis 
of carboxyhaemoglobin (CO-Hb) have been the subject of much 
recent study. It is known from time resolved absorption studies 
that the process is not simple, comprising various steps on time 
scales ranging from picoseconds to milliseconds’*. Removal of 
the CO molecule is complete within picoseconds*’, but the 
existence of an unknown transient with a 100 ns lifetime has 
been demonstrated’. No conclusion has been possible as to the 
time required for the reorganisation of the porphinato core. In 
principle, resonance Raman scattering offers a more detailed 
source of conformational information. From steady state 
Raman spectra, the normal modes have been identified’*. A 
clear empirical correlation has been found” between the position 
of the resonantly enhanced anomalously polarised line in the 
region 1,550—1,590 cm™', and the porphinato core size, Here we 
report the first nanosecond time-resolved spectra of CO-Hb. 
From our results it is clear that the main reorganisation of the 
prophinato core occurs within 5 ns of photolysis. 

Human haemoglobin was prepared according to the standard 
methods. It was reduced with sodium dithionite and then iso- 
lated in 0.01 M phosphate buffer (pH 7) by Sephadex chroma- 
tography. This stock solution was stored as CO-Hb under an 
oxygen-free atmosphere. The samples of CO-Hb diluted from 
this stock solution were sealed under ~1 atm CO. Solutions of 
deoxy-Hb were sealed under an N, atmosphere after the 
samples had been rendered free of both O- and CO in photolytic 
conditions. The concentration of the samples, measured using 
optical absorption in the region 5,300-5,700 A, was typically 
0.1-0.3 mM haem. 

The spectra were recorded on an optical multichannel 
analyser of our own design, which has been previously 
described*®. The time resolution of this apparatus has been 
increased by more than four orders of magnitude by the use of 
the pulsed Nd:YAG laser described below. A spectral region up 
to 200 cm™’ wide may be observed, thereby eliminating pro- 
blems associated with shot-to-shot variation of laser power 
when pulsed lasers are used. When required, it is possible to gate 
the input slit using a Kerr cell with a switching time of 3 ns. 
The time resolution is then improved to ~5 ns. In the spectra 
reported here, the input slit was set at 250 um, corresponding to 
a spectral resolution (FWHM) of 6 cm™'. In all cases the spec- 
trometer was calibrated as to absolute position by measure- 
ments on the 1,588 cm™ line of benzene to eliminate backlash 
effects in the gratings. 

Two excitation sources were used. The pulsed spectra were 
excited by a Nd:YAG laser, frequency-doubled to provide 
nominal 20 mJ pulses of 5,320 A radiation with a duration of 
10 ns, and a pulse repetition rate of 10 ps’. In order to obtain 
cw spectra in similar resonance conditions, a Kr* laser was used, 
operating at 5,308 A, at a power of 10-20 mW. The cw beam 
was sharply focused (~100 pm), while, to avoid damage to the 
sample container, it was necessary to defocus the YAG pulse to 
provide a beam diameter of ~750 um. The resulting peak 
intensity of 400 MW cm”? is below threshold for any stimulated 
processes in this system. Both sets of spectra were taken in a 
rotating sample cell cooled externally by flowing cold nitrogen 
gas. For the pulsed spectra, these conditions yield a lifetime for 
the CO-Hb in the laser beam of about 0.3 ns, while for the 
continuous wave spectra it is estimated to be about 1 ms. Since 
the latter time is much longer than the time for the rotating cell 
to turn through the sample volume (~150 us} the cw spectra 
represent largely unphotolysed material. In the pulsed case, on 
the other hand, the first 5% of the pulse was sufficient to 
photolyse the entire sample. Hence the pulsed spectra represent 
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mainly photolysed material within 10 ns after photolysis. Since 
the rotation time of the cell (100 ms) was much larger than the 
10 ms recombination time at 1 atmosphere of CO, each pulse 
was presented with essentially a fresh sample for study. Each 
spectrum reported here represents the accumulation of 1,600 or 
more laser pulses. 

The essential results are demonstrated by the spectra shown in 
Fig. 1. The cw spectrum (Fig. 1a) shows the strong anomalously 
polarised 1,585 cm peak characteristic of low spin haem". 
The pulsed spectra of CO-Hb (Fig. 16) obtained with the entire 
10 ns pulse, exhibit the disappearance of this line, and the 
appearance of another strong feature in the region 1,545- 
1,555 cm™'. This feature seems to consist of two unresolved 
lines, similar to the spectrum of deoxy-Hb taken in the same 
conditions. Spectra on a sample of oxy-Hb showed little evi- 
dence of photolysis, as expected. The anomalously depolarised 
component of the doublet (B) is displayed more accurately by 
subtraction of the weighted polarised spectrum (VV) from the 
depolarised (VH), using the fact that the depolarisation ratio for 
the lower member of the doublet is 0.75, by symmetry. Typical 
results are shown in Fig. 1c. The observed peak positions are 
tabulated in Table 1. The line B has been found to be correlated 





Table 1 Observed line positions (cm~ °} 


anmann atin minah Aa seas) ari h NAAT Laramie reas tli tert Se Ath AAAI TRA ETT HAN 


Sample A (dp) B (ap) C (dp) 
CO-Hb (cw) 1,585+2 1,634+2 
CO-Hb (pulsed) 1,544+1 1.55421 1,601 +1 
Deoxy-Hb (pulsed) 1,547+41 1,556+1 1,606.54 1 
Oxy-Hb (pulsed) 1,587+3 1.64023 


LAAARIN arpar binds AAAA N a yumaniviarnaaimnmnaamerernen A AA it aayan aa errr 7a rehire I a mre Ramana AA AI MAAARAARANA AHR ARAMA, 


with porphinato core size. Hence, the spectra shown demon- 
strate that the major change in core size occurs in less than 10 ns 
after photolysis. By the use of the Kerr cell it was possible to 
observe separately the scattering from the first and second 


Fig. 1 a, Perpendicular polarised cw spectrum of CO-Hb, 
obtained with 5,308 A excitation, at low power. b, Parallel (VV) 
and perpendicular (VH) polarised transient spectra of photolysed 
CO-Hb. c, The solid line represents the anomalously polarised 
component of the transient, obtained by subtraction of the VV 
spectrum in (6), multiplied by 0.75, from the VH spectrum. The 
dashed line represents the result of the same analysis for the pulsed 
spectra of deoxy-Hb. 
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halves of the 10 ns laser pulse. These spectra, although noisier 
than those shown in Fig. 1, were essentially the same, clearly 
showing that the main change in the porphinato core size occurs 
within Sns of photolysis. Hence, this reorganisation is 
completed well before the 100 ns lifetime of the transient 
observed in ref. 1. 

The better quality of the spectra obtained with the full 10 ns 
pulse, shown in Fig. 1, allows the further conclusion that definite 
(small) shifts of all three lines are observed between the pulsed 
spectra of CO-Hb and deoxy-Hb. In the case of CO-Hb, the 
process is initiated with the haem in the R configuration, while 
the deoxy-Hb it is in 7. The R-T transition occurs on a much 
longer time scale’. Hence, the small differences observed may be 
associated with the changes in haem geometry during the R-T 
transition. However, we should note the possible existence of a 
long-lived electronically excited state® in either case (or both) 
which might itself cause perturbations of the Raman frequen- 
cies. Further, the correlation observed between core size and 
Raman frequency’ shows a scatter of 4-5 cm™'. Therefore, the 
shifts we observe, although apparently indicative of a change of 
0.02 A in the core size, may instead be the result of the protein 
reorganisation. Therefore, we cannot state conclusively on the 
basis of our spectra that a change in haem geometry is associated 
with the R-T transition. 

As has been noted by others'*, the observation that the core 
size changes after photolysis does not necessarily imply a 
movement of the Fe ion out of the plane. Possible distortions of 
the haem from a planar geometry may also be involved, thus 
complicating this portion of the structural analysis. The use of 
different probe frequencies to achieve resonance with various 
electronic transitions, may eventually be of utility in resolving 
this point. 

To summarise, we have shown that within 5 ns of photolysis, 
the core size in CO-Hb assumes a value closely approximating 
that in deoxy-Hb in the steady state. The observed Raman peaks 
for the transient species are slightly shifted from those of T 
deoxy-Hb. It seems possible that this corresponds to a transient 
core size about 0.02A larger than that of T deoxy-Hb. 
However, it is not possible to relate these differences more 
definitely to structural modifications. Moreover, we cannot yet 
rule out the possibility that additional changes, perhaps non- 
monotonic ones, in the spectrum may occur over a longer time 
scale, yet before the R-T transition. To investigate the possi- 
bility of the occurrence of such movement, we plan to use a 
double-pulse technique to extend this investigation to a wider 
range of times. Further, a transient Raman investigation of the 
entire R-T transition is clearly called for, making use of the 
variety of resonances available to probe other vibrational exci- 
tations. 

We acknowledge the technical assistance of C. L. Casullo in 
the preparation of the CO-Hb and thank R. G. Shulman for a 
critical reading of the manuscript, and the authors of ref. 6 for 
communicating their results before publication, 

K. B. LYONS 
J. M. FRIEDMAN 
P. A. FLEURY 
Bell Laboratories, 
Murray Hill, New Jersey 07974 


Received 15 June; accepted 12 August 1978. 


. Alpert, B.. Banerjee. R. & Lundqvist. L. Proc. nam. Acad. Sei. U.S.A. 74, 558-562 (1974) 
. Sawicki, C. A. & Gibson, Q. H. J. bial. Chem. 281, 1533-1842 {1975} 
. Antonini, E. Anderson, N. M. & Brunori, M. J. biol. Chem, 247, 319-32) (1971). 
. Shank, C. V., Ippen, E. P, & Bershon, R. Science 193, 50-51 (1976). 
. Noe, L. J, Eisert, W. G. & Rentzepis, P. M. Proc. nam, Acad. Sci. USA. 78, 573-377 
(1978). 
6. Green, B., Hochstrasser, R. M., Weisman, R. B. & Eaton, W, Proc. natn. Acad. Sci. LSA. 
tin the press). 
7. Spiro, T. G. & Burke, J. M. J Am. chem. Soc. 98, 5482-5489 (1976). 
8. Abe, M., Kitagawa, T. & Kyogoku, Y. Chem. Lett, 249-252 (1976). 
G. Spaulding, L. D.. Chang, C. C. Ya, N-T & Felton, R. H.J. Am. chem. Soc. 97, 2517-2325 
(1975). 
10. Lyons, K, B.. Carter, H. L. & Fleury, P. A. in Lights Scattering in Solids (eds Balkanski, M.. 
Leite, R. C. C. & Porto, $. P. 5., 244-248, Flammarion, Paris, 1975). 
11. Spiro, T. G. & Strekas, F. C. J. Am, chem, Soc. 96, 338-345 (1973). 
12. Eisenberger, P., Shulman, R. G., Brown, G. S. & Ogawa, S. Proc. natn. Acad. Sei. USA. 
73, 491-495 (1976). 


i Oe ME Oe Mic 


Nature 12 October 1978 





GmbH. Binnen-und AuBenhandelsunternehmen | 


ur radioaktive und stabile Isotope | 
DDR-1115 Berlin, Lindenberger Weg 70 
German Democratic Republic 














Circle No. 07 on Reager Enyuiry Card. 


vi Nature 12 October 1978 


maka manaa o e iaa ee «saan ver EAA AREE CG Aaka a a aaea i ahi SAREE RE AEH? ATT MBLC ta Ba A BURRITO AERC NARA RA Phe ANE NYHA TAN RN AA RBIS rea BARA PRAT SO ehian Aei a LOOM 


CUTTY SARK SCOTCH WHISKY 
offer £1,000 for the 


scientific paper or essay 


that contributes the most to our understanding and knowledge of the U.F.O. phenomena. 


How do you evaluate the ‘evidence’ of sightings to date? Whatever your theories, if you 
can put up a constructive, convincing argument, Cutty Sark Whisky invite you to apply for 
an entry form. The prize-winning paper will be published in New Scientist. 


Entries will be judged by a panel chaired by the Editor of New Scientist, Dr Bernard 
Dixon, and including Patrick Moore and Dr Christopher Evans. Closing date: June 30, 
1979. Maximum length: 3,000 words. 


Entry Registration Forms and Rules must be applied for in writing from: 
‘Scientific Paper Competition” 

Cutty Sark (U.K. Scotch Whisky) Ltd., 

42 Albemarle Street, Mayfair, London W1X 3FE 


No entry will be accepted unless accompanied by a signed registration form. 


Circle No. 08 on Reader Enquiry Card. 


THE DRUGS HANDBOOK 


Paul Turner and Glyn Volans 


EXCLUSIVE CZ 


LABELED PROTEINS 
OF DETERMINED 
MOLECULAR WEIGHT — 


A dictionary of drugs, arranged in alphabetical order 
of their medically approved names, with a trade 
names index. Each entry gives a brief description of 
the actions, uses and adverse effects of each drug — 
the sort of information that has been almost 
unavailable in the non-specialist area of 
pharmacology until now. Moreover, the book is 





Cytochrome C, methylated, [methy/-4C]- 12,300 presented in a concise handbook format to fit easily 

(Horse heart) NEC-716 i” into a briefcase or capacious pocket. It should prove 

Carbonic anhydrase, methylated, 30 000 \ invaluable to anyone involved in the medical use of 

[methyi-!4C }- (Bovine erythrocytes) NEC-718 drugs. 

eee [methy/-“C]- 46 000 | ‘Concise, accurate and up-to-date’ — Miss W. E. 
en's egg) ‘ Hector, Senior Lecturer, Queen Elizabeth College, 

Albumin, methylated, [methy/-'4C}- 69,000 London. 

(Bovine serum) NEC-719 | 

Phosphorylase B, methylated, 92,500 UK Price hardcover £4.95, 0 333 21612 1, 


imethyl-'4C}- (Rabbit muscle) NEC-727 E paperback £1.95, 0 333 23655 6. 
Packaged: 1uCi and 50i in dry ice. | 


| Please order through your local bookseller or in 
Not for use in humans or clinical diagnosis. | case of difficulty write to The Macmillan Press Ltd., 


Little Essex Street, London WC2R 3LF. 





New England Nuclear 


549 Albany Street, Boston, Mass. 02118 
Call toll-free: 800-225-1572 
(in Massachusetts and International: 617-482-9595) 


NEN Chemicais GmbH, Dreieich, W. Germany; NEN Canada Lid., Lachine, Quebec 
Circle No. 09 on Reader Enquiry Card. 





Nature Vol. 275 12 October 1978 


567 





matters arising 


aaner be Retina pilin Li aM NVA ASMA ANU Aree TOTEM HA ELI Ral RO REAR Ne Rehr a aa aana 
ASU anmannan IANA RA HAMA RHE RGNRAU REEE AAE AEA tH SMA EHSL MOAT ALABAMA AAAI A TRATION 
mamas naaar mmn nae aan nanman eana A TRAROI RRR NRAAR AA RLRAAAAe tAEAIRALHEMRAA GL PAHAEIRAARRAARORNRAAAARARRtAAiRRe Ane? 


On melting icebergs 


HUPPERT AND TURNER'S laboratory 
studies’ of ice melt in warm, salt-stratified 
water, which demonstrate a system of 
tilted convection layers of melt mixture 
interleaved with.ambient fluid, are useful 
in focusing research upon the complex 
phenomenon of iceberg melt but can not 
be extrapolated so directly to in situ 
Antarctic iceberg melting as the authors 
have done, for several reasons: (1) density 
profile data corresponding to the T, S 
profiles of the Weddell Sea station? shown 
in Huppert and Turner's article are the 
depth ranges (and the corresponding 


density gradients)’ : 30-50m (1.6x 
107 gem“ “cm” ); 50-100m (1.5x 
10° B cm” “cm =); 100-300m (2x 


10° gem™* cm™'); laboratory study’ (1- 
6x 107° gcm? cm™'); as the mean density 
gradient has a major influence on the 
vertical scales of free convection it is 
difficult to see how laboratory results can 
describe the oceanic iceberg case where 
this parameter is from 10,000 to 
1,000,000 times. smaller. In fact, the 
density difference over the typical 1 cm 
vertical scale of a single layer in the 
laboratory study is six times larger than 
the total difference in density from 30- 
150 m of the Central Weddell Sea station. 
(2) At the 23 °C temperature of Huppert 
and Turner’s salt-stratified laboratory 
experiment, the thermal expansion 


coefficient is 0.1710? gecem C7; in, 


typical Antarctic waters it is 0.05 x 107°, 
less than one-third as effective in control- 
ling density changes relative to the saline 
contraction factor which is much the same 
in both cases (0.81 x 107° as opposed to 
0.76 x 107° gcm™ p.p.t. t, respectively). 
Furthermore, ambient water temperature 
in Antarctic water is only about 2°C 
above freezing point, an order of mag- 
nitude different from their laboratory 
case. The overall thermal effect on 
density is then between one and two 


orders magnitude less in the Antarctic 


situation. 

(3) Antarctic icebergs contain some 7% 
by volume of compressed air**. Effects of 
air bubble release with melt water at depth 
are unknown but must be important in 
modifying vertical convection and 
horizontal heat diffusion across the 
boundary layer. A characteristic hissing 
sound has been reported near icebergs 
(Seelye Martin, personal communication). 

(4) The tilted convection layers obser- 
ved by Huppert and Turner occur at 
vertical increments of lcm and 2.5 
107° g cm” density difference. It required 
the available heat in 3.5 g ambient fluid to 
melt 1g of ice; complete mixing would 
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result in a mixture of density about 5.6 x 
10°* g cm™ less than that of the ambient 
fluid supplying the heat. The characteristic 
vertical scale of layers ought to have been 
>2 cm; it was not, which indicates that 
some melt heat was supplied by means 
other than turbulent diffusion, such as, 
double-diffusion. In the Antarctic iceberg 
case, for reasons (1-3), turbulent diffusion 
should dominate over other transfer 
mechanisms. While field measurements 
are lacking, data reported by Matthews 
and Quinlan® for Muir Inlet, Alaska, 
showed that late winter modification of 
the bay water by glacier melt followed a 
21:1 ratio. The ambient fluid at 3 °C and 
31% salinity supplied about 96 cal g`' of 
icemelt and part of this must have been 
needed to raise the ice temperature to 
melt point. Thus from the only available 
field data it seems that ice melt entrains 
ambient fluid with a ratio governed at a 
minimum by the heat available through 
complete mixing with ambient fluid, and 
not less as in the laboratory results’. 

(5) Step structure observed in Central 
Weddell Sea profiles cannot be described 
as a plausible extension of the laboratory 
results. The thickest layer in the given 
profile extends from 100 to 200 m with a 
total density difference of 2 x 107° g cm7; 
a 1,250: 1 mixing ratio is required to alter 
1 g of melt water to ambient fluid density 
during its rise through this vertical dis- 
tance, and the 2,250 cal of available heat 
in the entrained fluid far exceeds that 
needed for melting. 

A plausible extrapolation of the 
laboratory results of Huppert and Turner 
to the melting iceberg would state that the 
berg generates one such convective layer. 
A single cell convection was the basis of 
my earlier study? on upwelling by 
icebergs. Even so, the existence of low 
horizontal temperature and vertical 
density gradients, compressed air bubbles 
in glacier ice and reduced thermal expan- 
sion effects, and velocity shear associated 
with berg motion severely limit the role of 
double-diffusion in iceberg melting (an 
exception might be the melting process of 
the bottom surface of the berg). 


S. NESHYBA 


School of Oceanography, 
Oregon State University, 
Corvallis, Oregon 97331 
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Kerogen maturation | 


and petroleum generation 


UJHÉ' concluded that a one-point rever- 
sal in the C-H-O maturation pathway of 
kerogens of the Cretaceous of the Douala 
Basin indicated that a large amount of 
hydrocarbons was released from the 
kerogen. Other interpretations are possi- 
ble. The basic problem is whether the 
anomaly reflects hydrocarbon release 
from similar kepogens, or indicates a 
change in the dom:nant kerogen type. The 
latter interpretatien is appealing for three 
reasons, 

(1) The anomzlous point is not (fh) 
which lies directly on the projections of 
the maturation pethways defined by the 
shallower points {a-f) and the deeper 
points (j-1). The anomalous point is (g) 
which has higher C and H and lower O 
contents than adjacent points. The 
kerogen at (g)is near peak oil generation’. 
If the original keregen types at (J) and {g} 
were essentially identical, the H content of 
the kerogen should be decreasing with 
depth, not increasing’. The increase in H 
content with depth from (J) to (g) 
indicates an inereasmg hydrocarbon 
generating capacty with depth, and 
suggests a corresponding change in ori- 
ginal kerogen type. 

(2) By themselves, the C-H-O rela- 
tionships between points (f, g, fh) could be 
interpreted as primarily CO, generation 
from (f) to (g) and hydrocarbon genera- 
tion from (g) to (1). This explanation is 
unlikely. Pyrolysis experiments indicate 
that CO, generaticn is greatly diminished 
by the time significant hydrocarbon 
generation begins’, as it has at (f). In 
addition, thermog-avimetric analyses of 
the (f) and (g) kerdgens indicate that (g) 
had a 50% greater weight loss at 500°C 
than did (fY. If ( fy lost CO, and reached 
the composition of (g), the weight loss 
differential would be in the opposite 
direction. ` i 

(3) Kerogen is extracted organic 
matter. Its C~H-O contents should be 
identical at the same stage of thermal 
alteration whether "he generated products 
remained in the kerogen in the subsurface 
or whether they were released in the 
subsurface. By itself, kerogen analysis 
yields no information on hydrocarbon 
release. 








R. W. JONES 
Chevron Oil Field Research Company, 
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UME REPLIES—-The Cretaceous 
kerogen of the Douala Basin is the best 
material available to provide a cor- 
roborative evidence of my hypothesis on 
the reversal in the C-H-O maturation 
pathway of kerogen, because the 
Cretaceous is composed of the thick argil- 
laceous sedimentary series in which the 
Original organic matter is identical 
throughout the whole cores taken 
between 700 and 4,000 m in depth*”. 

Jones concluded that the anomalous 
point (g) had a different type kerogen. A 
series of geochemical studies on the 
Organic matter of the Douala Basin 
indicates the same kind of organic matter 
provided in the sample (g) as in the other 
ones'~*. Tissot et al.* pointed out that the 
whole evolution path of these kerogens is 
the typical example of their ‘type HP. 

In order to examine the original 
kerogen type the maceral components of 
kerogen should be discussed, instead of 
the minor difference of hydrogen content 
and weight loss by pyrolysis as was stated 
by Jones. The maceral component of each 
kerogen of the Douala Basin almost 
consist of more than 80% of amorphous 
organic cement optically close to 
vitrinite’, indicating the homogeneous 
components throughout the whole cores. 
Therefore, the C-H-O component path 
from (g) to (h) should be explained by a 
large amount of hydrocarbon release, not 
by the difference of original kerogen type 
in (g). 

Kerogen is extracted organic matter. Its 
C-~H-O content should be related to what 
kinds of the generated products are 
released from it, if the original kerogen is 
identical throughout the strata. The same 
reversal in the C-H-O maturation path- 
way as shown from (g) to (h )in the Douala 
Basin is observed in the Miocene argil- 
laceous sediments of the MITI Borehole 
in Northern Hokkaido. Examination of 
hydrocarbon-generating capacity by 
pyrolysis supports that the relative 
decrease of carbon content is due to the 
hydrocarbon release in the MITI Bore- 
hole samples (data to be published else- 
where). Therefore, kerogen analysis could 
give us much information on petroleum 
generation. To determine whether my 
hypothesis is applicable to the Douala 
Basin, the most important work to be 
done is to decide whether the weight loss 
by pyrolysis at (g) is due to the generation 
mainly of hydrocarbon or mainly of CO, 
and/or H,O. 
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Stability problem 
of Kirkwood Gaps 


KIANG noticed’ the importance of the 
Kirkwood Gaps (particularly the Hecuba 
Gap) in contrast to Hilda Group in the 
asteroidal distribution problem, and 
presented a solution to this problem using 
a stability criterion inherited in Hils 
equation which, he assumed, clarifies the 
difference between gaps and groups (less 
populated against populated regions). His 
discussion, however, discloses the curious 
fact that he has omitted the first two terms 
in RHS of his (linearised) variational 
equation (6), without any convincing 
ground. This omission causes a critical 
deviation from the original problem. 
Kiang’s discussion starts essentially 

from the canonical equations of motion 
with one degree of freedom, 

dx p 

de * 
where the subscripts refer to the partial 
derivatives with respect to the variables x 
and y, respectively. Let x(t) and y(t) be 
periodic. Then he deduces the variational 
equations, 


dy | 
d —= -F 1 
and (1) 


and (2) 


where é and 7 are the virtual variations to 
x and y coordinates, respectively. 

He insists that from these variational 
equations he obtained a second order 
differential equation of Hill's type. 
Curiously enough, however, the system of 
equations (2) can be solved by quadrature 
as will be seen by equations (9), as it has a 
(variational) energy integral (see also ref. 
2) 


w=FE+Fyn=c,=constant (3) 


This y is a variation across the orbit. We 
also have a variation along the orbit by a 
form, 

v= Fé- Fn (4) 


which is perpendicular to u direction, The 
differential equation for v can be obtained 
by a straightforward manipulation as 
follows: 


= (Au + Bv)/D (5) 


where 
A = (Fa -Fp AFi ~F )+4E FF, 
B= -2F„ (F3 -F? )+ 2(F,, — Fy, FF, 


and 
D=F2+F? #0 


A 
On the other hand, we see (6) 
dD 
seein i 4 
di (7) 


Therefore, we can obtain the solution for v 
by quadrature, considering that u is given 
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by equation (3), 
p= Dic, +C; | 


0 


i 


DA dt] (8) 


c: being another constant. The solutions 
for € and n are readily given by 


=c F D+F, [e+e | DA dt] 
0 


and (9) 


t 


n =c; FD — F [ctc | DA dt] 
L, 


Note that the solutions by quadrature do 
not include a new period as in the case of 
Hills equation, although the solutions 
include the mixed secular term, tx 
(periodic term) in general. This situation 
comes from the change of period accord- 
ing as different energy constants (the 
energy difference being c,). 

Kiang’s argument is totally wrong in the 
point: he only took into account some of 
the necessary terms without any convinc- 
ing ground, so that the equation becomes 
the Hill's type. In reality, the variational 
equations (2) can be solved by quadrature, 
because the system has an energy integral. 
There is no need to introduce a transcen- 
dental method, or a new period. In other 
words, the stability criterion, with which 
he wanted to clarify the difference 
between Hecuba and Hilda cases, is not 
inherent in the variational equations (2) 
ab initio. Thus the problem is still open. 
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KIANG REPLIES—Aoki’s attitude is the 
conventional one and is responsible for 
the lack of success in solving the Kirkwood 
Gaps problem so far. He apparently 
believes that because he could write down 
the solution of the basic equations by the 
classical method, there is no need to 
introduce other methods, But the classical 
method is, in principle, incapable of solv- 
ing the problem at hand, because it always 
leads to results (see, for example, Aoki’s 
equations 9) that apply to all resonances 
equally——it can never explain the Hecuba- 
Hilda difference. Hence I regard it highly 
desirable to introduce some new method, 
equivalent to more or less radical depar- 
tures from the classical method. Some 
modification to explain the Hecuba—Hilda 
difference within the frame of the simplest 
gravitational model is necessary but as to 
the form of modification I adopted in my 
paper, I made it clear that there may well 
be grounds for improvement. I do not 
expect any improvement that I could give 
here to substantially alter the result 
obtained. 

T. KIANG 
Dunsink Observatory, 
Castleknock, Co. Dublin, Ireland 
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Royal Society of Medicine International Congress and Symposium series No. 3 


Stress Free Anaesthesia 


Anaigesia and the Suppression of Stress Responses 
Edited by C. Wood 
September 1978, vii + 89pp., £5.00 $10.25 0.12.763350.2 (Academic Press) 0.8089.1135. x (Grune & Stratton) 


Proceedings of an International Symposium held by the Janssen Research Foundation at Beerse, 
Belgium on 10 February 1978. 


Contents 

Recent experience with fentanyl. Chairman’s remarks. The pharmacology and pharmacokinetics of fentanyl. Reduction of 
obliteration of reflex responses to surgery. Analgesia and the metabolic response to surgery. Attenuation of stress and 
haemodynamic stability. Fentanyi-oxygen anaesthesia for patients with mitral valve disease. Haemodynamic influence in 
deep coma in man of equinalgesic doses of morphine, fentanyl and sufentanyl. Effects of neuroleptic anaesthesia on 
haemodynamics and post-operative respiratory function in patients undergoing minor and major vascular surgery. Stress in 
neuroleptic anaesthesia and electrostimulation. Analgesia and muscle relaxation. Moderate doses of fentanyl by infusion for 
intraoperative analgesia. Effects of high doses of fentanyl in comparison to electrostimulation. Analgesic effects and side 
effects of fentanyl in man. The use of certain morphinomimetics in acute clinical situations. The effects of anaesthesia and 
surgery on B- and T-lymphocytes. immunological aspects of anaesthetic practice. 

General discussion 

Chairman’s summing up. 

Published jointly by tha Royal Society of Medicine, 

Academic Press (London) and Grune & Stratton (New York) 


Perimeters of Social Repair 
Proceedings of the Fourteenth Annual Symposium of the Eugenics Society, London 1977 


edited by W. H. G. Armytage and John Peel 
October/November 1978, x + 158pp., £8.80/ $18.25 0.12.062750.7 


This volume records the Proceedings of the Fourteenth Annual Symposium of the Eugenics Society, which was held to assess 
the impact of current programmes of social repair, or, in other words, those acts of professional intervention designed to 
remedy or alleviate the failure of natural social processes book, which presents the views of a wide variety of acknowledged 
experts, and avoids, by this diversity, any insistent personal view. It attempts to unravel the myths and dilemmas of social 
repair as a first step towards establishing better systems of education, health service and social organisation generally. 


Proceedings of the Serono Symposium, Volume 17 


Obesity in childhood 
edited by E. Cacciari, Z. Laron and S. Raiti 
September 1978, vili + 248pp., £10.40/ $21.50 0.12.154150.9 


Obesity is one of the major health problems today in wealthy developed countries, not only because of the difficulties involved 
in therapy but also because of the associated problems of changes in endocrine-metabolic functions and cardiovascular 
disorders. Some of the physiological factors responsible for self maintenance of obesity, for example alteration of the adipose 
tissue, are thought to originiate in early childhood. The purpose of this symposium was to re-examine some recurrent topics 
such as long-term therapy and the psychological problems of the obese child. Contributions include the experiences and 
research results of experts from all over the world. 


Methods in Microbiology Volume 10 
edited by T. Bergan and J. R. Norris 
October/November 1978, xvi + 386pp., £17.80/ $36.75 0.12.521510. x 


interests in the factors controlling the spread of pathogenic bacteria in both human and animal population has led, in recent 
years, to the development of various techniques for the characterisation of isolates from epidemics. These take many forms. 
Biochemical tests, serological analysis, phage and bacteriocin typing are particularly important. Volumes 10-13 of Methods in 
Microbiology collect together, for the first time, the methods used in identifying all major human and animal pathogenic 
bacteria of epidemiological importance. The attention to practical detail will enable the methods to be followed in the 
laboratory, and it is hoped that this will lead to increased uniformity of method around the world. 


ed * 

Photosynthetic Oxygen Evolution 
edited by H. Metzner 
October 1978, xvi + 532pp., £18.00/ $37.25 0.12.491750. x 
The book is a collection of the papers presented during the Symposium “Photosynthetic Oxygen Evolution” held at Tubingen 
in September, 1977. Photosynthesis specialists, photochemists and electrochemists have contributed towards this 
multi-disciplinary discussion of the problems of light-induced oxygen evolution. Dealing mainly with the energetics and 
mechanisms of light-induced charge transfer reactions in green plant cells, the papers include discussions on how plant cells 
can create a strongly oxidising power; how the oxidised donor regains its missing electrons; and the role of organically bound 
manganese in the charge transfer. There are aiso sections on the structure and ontogenetic development of the oxygen 
producing system of the chloroplasts. 
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Wright’s late works 


Evolution and the Genetics of Popula- 
tions. Vol 4: WVarlability within and 
among Natural Populations. By Sewall 
Wright. (University of Chicago: Chicago 
and London, 1978.) $46.90; £26.25. 


VERDI wrote Oteilo when he was 73 
and completed Falstaff at the age of 
80, though twenty years earlier he had 
produced some minor works like Tro- 
yvatore and Rigoletto. Sewall Wright, 
though he had contributed extensively 
to the scientific literature since 1915, 
published his first book, the first 
volume in this series of four, in 1968 
at the age of 78 and the final two have 
now appeared in quick succession. The 
first laid the biometrical and genetic 
foundations and the second, almost 
entirely theoretical, extended these to 
the population level in terms of gene 
frequencies and concluded with a sec- 
tion on quantitative genetics. The third 
volume was to discuss the evidence but 
while the first two were being written 
so much new evidence became avail- 
able that it has now become two—the 
first dealing primarily with evidence 
from laboratory experimentation and 
the present one with that from natural 
populations The new information 
came mostly from two new techniques. 
The first of these, starch gel electro- 
phoresis, has not only produced a great 
deal of information for the study of 
population structures (as can be seen 
from the present contents of journals 
like Evolution) but also answered a 
previously unanswerable question: 
What proportion of loci are segregating 
in wild populations? (the answer is, 
however, restricted to those loci speci- 
fying peptide chains). The second kind 
of information, from amino acid 
sequences, can provide a direct genetic 
measure of the rate of evolutionary 
substitution at such loci. 

Wright’s general approach in these 
final volumes is to analyse specific pa- 
pers in some detail (sometimes with a 
re-analysis of his own). For instance, 
he deals with some work from the early 
days of genetics Hke that of Castle on 
hooded rats (Wright was a janior 
author of the paper in 1916) and Sum- 
ner’s work on Peromyscus, but also 
discusses repetitive sequences in DNA 
and treats extensively the evidence 
from biochemical polymorphisms in 
American Drosophila populations from 
Ayala and his colleagues. The volumes 


form a valuable reference work and 
provide a source of critical discussion. 

Wright is the last of the three expo- 
nents of mathematical studies of 
evolution made up of himself, Fisher 
and Haldane, and the final chapters 
give his summing up of the present 
situation. The three, working almost 
independently over about forty years, 
were very different in temperament and 
in training. Fisher and Haldane had 
degrees in mathematics from Cam- 
bridge and Oxford, respectively; 
Wright had a degree in Zoology from 
a smali mid-Western college and con- 
tinued his experimental work with 
guinea pigs until he retired from Chi- 
cago. Nevertheless, he has always 
shown extraordinary mathematical in- 
sight in solving the problems that he 
encountered. {n fact, a paper of his 
in 1915 may be considered as fore- 
shadowing the invenuon of analysis of 
variance. ` 

He has, I think, always felt that his 
ideas suffered from a simplistic repre- 
sentation by Fisher and his colleagues. 
I remember him saying once that “The 
position got complicated by the ap 
pearance of another person in the 
argument, with the same name as 
myself but holding completely different 
views”. He fek himself saddled with a 
naive outlook about the importance of 
sudden reductions in population size 
leading to ‘‘genetic drift”. He was a 
little surprised to have some British 
authors scorn “‘classical random drift” 
while espousing the “founder princi- 
ple” which he thought of as a special 
case of the former. “While it is useful 
to make such distinctions, it is evident 
that most of those who have done so 
have failed to grasp the general prin- 
ciple of effective size in relation to 
random drift’. When Mayr made his 
criticism of “bean bag genetics” at 
Cold Spring Harbor in 1959, Haldane 
felt it necessary to write in deply; 
Wright did not, he had always taken 
a more sophisticated view. He returns 
to the differences in approach on page 
464 of the final volume. “It ts some- 
times supposed, following Mayr (1959), 
that the early mathematical studies of 
evolution under Mendelian heredity 
by Haldane, Fisher and myself were 
all essentially equivalent, being based 
on the same simplified biological 
premises: populations almost homalie- 
lic with respect to an array of 


reviews 


Alan Robertson 


‘wildtype’ genes except for rare 
favourable mutations, tixed one at a 
time, by mass se ection, the model 
referred to by Mayr as ‘bean bag’ 
evolution. ActuaHy the processes on 
which we put major emphasis [Haldane 
on the basis of major mutations; 
Fisher on the basis of multiple, largely 
minor mutations; Wright on the bams 
of local peak-shifts among interaction 
systems] were about as different as 
possible, under ths common assump- 
tion of Mendelin heredity. Each, 
however, might be valid for particular 
characters under particular conditions 
in species with particular population 
structures”. 

His view of the importance of 
periods of small ocal population size 
was not so much that this could of 
itself lead to fixation in a species but 
rather that, in ar interacting system, 
such chance changes in gene frequency 
could allow the pcpulation to move, as 
a consequence of the subsequent selec- 
tion, from one adaptive peak to 
another. As with all models involving 
interactions between many loci, it is 


_ not amenable to direct algebraic treat- 


ment and Wrights approach has been 
mainly verbal, dealing numerically 
with specific examples. 

In the past decede the old arguments 
took on new lifs in the ‘neutralist— 
selectionist’ con-roversy about the 
mechanisms of the maintenance of 
genetic variation within populations 
(the evidence coming mostly from elec- 
trophoresis), and about the rate of gene 
substitution in protein evolution. Ironi- 
cally, the neutralst view corresponded 
somewhat with the more simplistic 
versions of his views which he had 
rejected so indignantly in the 1930s. 
From his discussion on both these 
points, it is clear that he is in essence 
a ‘selectionist’, -hough he is writing 
before the recent findings that modi- 
fications of electrophoretic technique 
could increase greatly, at least for 
some loci in Drosophila, the number 
of alleles knowr to be segregating in 
populations. 

The fascinat.on of these final 
volumes comes from the breadth of 
historical perspective: for the greater 
part of the development of modern 
genetics, Wright was really there. [| 


Alan Robertson is a Professor in the 


Department of Genetics at the Untversity 
of Edinburgk, UZ. 
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Metal sulphides 


Mineral Chemistry of Metal Sulfides. 
By D. J. Vaughan and J. R. Craig. 
Pp. 493. (Cambridge University Press: 
Cambridge and London, 1978.) £19.50. 


METAL SULPHIDES are not only of con- 
cern to geologists in economic, 
petrological and sedimentological fields 
but also to metallurgists in many 
specialisms from the extractive in- 
dustries to electronics, This book aims 
to lead all such workers through a 
variety of experimental and theoretical 
approaches into a clearer understand- 
ing of the range of natural and 
synthetic sulphides. The authors have 
made individual contributions to 
sulphide research and now they have 
assimilated a vast literature to produce 
a concise and balanced book. 

The text and appendices contain an 
immense amount of well indexed data 
with generous references to original 
work; this will therefore be a satisfying 
handbook to investigators, but not a 
manual of experimental techniques. 
Vaughan and Craig, however, seem to 
have had the additional objective of 
teaching the willing reader who might 
be ignorant of one or other of the 
particular subjects covered, from 
crystal chemistry to determinative 


methods. In the introduction and else- 
where the underlying theory is in- 
troduced straightforwardly and without 
condescension. 

Only four years after P. H. Ribbe’s 
Short Course Notes on sulphide min- 
eralogy (Mineralogical Society of 
America, 1974) it may be asked “why 
another publication on the same 
ground?”’. Although the aims and con- 
straints are here somewhat different, 
one answer might be that Ribbe 
showed it could be done. Until that 
date the variety and complexity of the 
sulphides defied condensation; their 
classification was never as straight- 
forward as that of the silicates, and 
only with the recent deployment of 
crystal chemistry to the explanation 
of sulphide structures has a more 
satisfying rationalisation been glimpsed. 
Sulphosalts will perhaps be the last to 
emerge from the jungle but anyone 
concerned with these not necessarily 
rarer variants will still have to rely 
on the reviews of Ribbe’s contributors, 
as Vaughan and Craig dismiss them 
entirely in order to limit the size of 
their text. 

Naturally this volume is altogether 
more polished. On the whole, it 
parallels the 1974 book on sulphide 
crystal chemistry and classification, 
with some later work to 1977 included, 


Nature Vol. 275 12 October 1978 


and also on chemical bonding, principal 
phase equilibria of sulphides and as- 
sociated experimental methods, and 
current trends and prospects in the 
investigation of natural sulphides in 
geology. 

Part of the distinctive trend of the 
book is found in the balancing chapters 
on electrical and magnetic properties 
and their applications, spectroscopic 
studies, classical (that is, including 
microscopic) determinative methods 
and sulphide thermochemistry. The 
chapter on sulphide equilibria in 
aqueous solutions leads to consideration 
of conditions in natural hydrothermal 
fluids and to the thermodynamics of 
sulphide solubility and deposition. 

The final chapter discusses natural 
sulphides and recognises their differ- 
ences from the pure and synthetic in 
their major, minor and trace element 
contents, solid solution phenomena and 
S-isotopic variation, the study and 
significance of all of which are in- 
troduced. Appendices contain miner- 
alogical data on 319 sulphides, 
univariant sulphidation data and 
invariant points in sulphide mineral 
systems. 

L. G. Love 


L. G. Love is Senior Lecturer in Geology 
at the University of Sheffield, UK. 
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Heterogeneous 
catalysis 


Dynamic Heterogeneous Catalysis. By 
K. Tamaru. Pp. 140. (Academic: 
London and New York, 1978) £8.50. 


Ir is difficult to know for whom this 
volume is intended. Its objective is to 
emphasise that an understanding of 
heterogeneous catalysis cannot be 
achieved by studies of the equilibrium 
states of solid/gas systems, but must be 
based on a study not only of the 
kinetics of catalysed reactions but also 
of the changes in adsorption on, and 
chemical properties of, the catalytic 
sites under working conditions. This 
thesis is widely accepted and has 
indeed been the objective of much 
research, particularly by the author and 
his coworkers. The complementary 
view, that one must first understand 
the nature of clean surfaces and their 
interaction with simple gases, is, how- 
ever, implied by a great deal of recent 
work using modern techniques of 
surface physics, so that an attempt to 
strike a balance between the two would 
be timely. 

One therefore expects this to be a 
research monograph. Instead, one finds 
a very uneven text including a great 
deal of elementary physical chemistry 
(for example, kinetic derivation of the 


Langmuir isotherm, Langmuir—Hinshel- 
wood kinetics, and a discussion of 
homogeneous gas reactions) with which 
the average research worker in 
the field will be very familiar. Yet the 
presentation is not sufficiently balanced 
to serve as a supplementary under- 
graduate text. The descriptions of vari- 
ous surface physics techniques--FEM, 
FIM, LEED, ELS, AES and PES—~—are 
very sketchy and hardly seem justified 
as only scant reference is made to 
them later in the book: again the 
research worker in this field will 
already be very familiar with these 
techniques. 

The book consists of four chapters 
on: general reaction kinetics; adsorp- 
tion; the kinetics of heterogeneous 
reactions; and the applications of 
spectroscopic techniques to the 
dynamic treatment of adsorbed 
species in reaction conditions. Only in 
the last chapter, in which the 
examples are drawn largely from the 
author’s own work, does the main 
theme of the book begin to dominate. 

Libraries carrying a comprehensive 
collection on catalysis will no doubt 
wish to have this book, but it is un- 
likely to attract a wide readership. 

D. H. Everett 





D. H. Everett is Leverhulme Professor of 
Physical Chemistry at the University of 
Bristol, UK. 
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DEGRADATIVE PROCESSES 


R.T. DEAN 

Outline Studies in Biology 

Components of cells in all living organisms undergo 
continual breakdown and resynthesis. The specialized 
mechanisms involved in these degradative processes 
are discussed, together with their integration and 
control. Emphasis is placed on the universality of these 
mechanisms and their importance in the dynamics of 
cellular activity. Limited degradation is given full 
coverage. 


July 80 pages Illustrated 
Paperback 0412151901 £1.75 


HUMAN GENETICS 

J.H. EDWARDS 

Outline Studies in Biology 

This book aims to provide a basic introduction to the 
mechanisms of heredity and to the ways in which these 
mechanisms may fail and thereby lead to disease. 

In general, the approach is mechanistic and deductive, 
emphasis being placed on the necessary consequences 
of the self-reproducing and self-copying genetic 
elements which we may regard as being known to 
exist. The book touches on many controversial topics 
including genetics and intelligence and the problems 
associated with pre-natal diagnosis. 


July 80pages Hiustrated 
Paperback 0412131706 £1.75 


“HUMAN EVOLUTION 


B. A. WOOD 

Outline Studiesin Biology 

This up-to-date account of human evolution critically 
interprets the wealth of newly discovered fossil material ; 
in particular that evidence which provides a greater 
understanding of the adaptation and behaviour of the 
early hominoids. Current theories on human evolution 
are discussed, as are controversies concerning the 
nature of the first hominids, the emergence of Homo, 
and the probable place of australopithecines in the 
evolutionary process. 


September 80 pages Illustrated 
Paperback 0412156008 £1.75 


ANCIENT SEDIMENTARY 
ENVIRONMENTS | 


and their Subsurface Diagnosis 
R.C.SELLEY 

The accurate diagnosis of ancient sedimentary en- 
vironments, by comparison with modern deposits, is of 
increasing importance in the search for oil, gas and 
other economic materials. This text shows how to 
identify the depositional environment of ancient 
sedimentary rocks, summarizing the conciusions of a 
large and rapidly expanding field, and using case 
histories to illustrate these conclusions. 


September 304 pages illustrated 

Hardback 0412147203 £8.00 

Science Paperback 0412147505 £4.95 
Published inthe USA by Cornell University Press 


Second Edition 


Prices are net in the UK only. 





"i | 
ACETYLCHOLINE 
SYNTHESIS IN NEURONS 
S.TUCEK 

In view of the vital role which acelylcheline plays as 
the transmitter of nerve impulses on many synapses 
both in the central nervous system and at “he periphery, 
its synthesis in the neurons is of vital importance for the 
life of the organism as a whole. This bock reflects the 
remarkable progress which has been acrieved in the 
physiology and biochemistry of cholinergic trans- 
mission during the last decade. 


August 272 pages 
Hardback 0412750301 £15.00 


"ELECTRON PROBE 


MICROANALYSIS IN BIOLOGY 
Edited by D. A. ERASMUS 


This text introduces workers in the field of biological 
science to the technique of electron probe X-ray 
microanalysis. The basic physical princeples of X-ray 
generation and the bases of quantitation are described. 
A general review of possible applications of the tech- 
niques is followed by several chapters dealing with the 
problems of specimen preparation by more conventional 
methods as well as by cryo-ultramicrotomy. 

August 272 pages 

Hardback 0412150301 £15.00 


“IMMS’ OUTLINES 
OF ENTOMOLOGY sixth Edition 


O. W. RICHARDS F.R.S. and R. G. DAVIES 

In the new edition the authors have updated this well- 
known textbook to incorporate resuts of recent 
research. A completely rewritten charter on insect 
phylogeny, a revised classified bibliography of modern 
sources and eleven new diagrams, maintain /mms- 
Outlines as a balanced and reliable introduction to the 
study of insects. 

October 264pages Illustrated 
Hardback 0412216604 £7.50 
Science Paperback 0412216701 





£3.95 





PERCEPTIONS | 
AND REPRESENTATIONS 


The theoretical basis of brain research end psychology 
KEITH OATLEY 

The theme of this book is the explanation of behaviour 
in terms of the workings of the brain, an instrument 
far more complicated than any computer. The author 
believes that we need theories that help us to understand 
how the brain allows us to interpret and attribute 
meanings to events. In pursuance of this belief he gives 
an account of such problems as to bow the brain 
copes so well with incomplete sensory data and with 
damage to its own components. 


June 272 pages 
Hardback 0416860109 £7.00 


Published in the U.S.A. by THE FREE PRESS | 


*These titles are distributed in the U.S.A. by Halsted 
Press, 605 Third Avenue, New York NY 10016 
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Biostatistics: A Foundation for Analysis 


in the Health Sciences 2nd Ed. 
by W.W. Daniei, Georgia State University. 


All major statistical procedures used by health professionals 
Ne covered here. Inferential concepts and deta ee are 
rather than theory and mathematical proof. The 
Book. IPad man MoA exercise: problems, review 
ue: uestions, worked-out examples, reflecting situations that 
ose in the health sciences are likely to face. (Probability and 
Mathematical Statistics Series — ROD SOO: 5 


ee tte 
0471 02591 7 


Statistics for Experimenters: 
An Introduction to Design, Data Analysis, 


Data Analysis, and Model Building - 

by G.E.P. Box and hae gy atta: ; 

both of the U. fsconsin, 

and J.S. aride APM University. 

Provides scientists, social scientists and engineers who have 
itte or no statistical background with the knowl 


edge 
necessary to design experimental progami of oa statistical, 
and enginsering effic it th 


520 pages 
$26.00/£13 36 


in experimen 


used. {Wiey Series in Probability and M 
Statistics) 


1978 
0471 09315 7 ` 


672 pages 
$31.60/£186.90 


” t ta 


Discrete Discriminant Analysis” 


by M. Goldstein, Baruch C City University of New York 
and W.R. Dillon, Unrversity of Massachusetts. 
A ompa up-to-date unified source of information This book 
treats theory with numerous applrcations,: gee oct, 
problems from statistics ss well as from biology, socio] 
consumer behaviour, and engineering. Taa ustvety w 
the important issues of drecriminant analysis whan observed 
observations are discrete valued. (Pr bility and Math- 
ematical Statistics Sarias — Applied Section) 
ber 1978 . 


0471 04167 X: $22 40/£11.$ 


Agricultural Experimentation: 


Design and Analysis: 


by T.M. Little, University of California, Riverside, 
and F.J. Hits, University of California, Davis 
A straightforward presentation of besic statistical methods and 
experimental designs, with emphasis on how to compute 
essontial statistics It introduces principles of mentation, 
explains common experimental designs, and the logie 
and rassoning behind each analysis through step-by-step 
procedures. it includes sections on correlation and regression, 
analyse of counts, and: mean separation, with thorough 
coverage of transformations and the analysis of variance. 

ber 1978 ` 


364 pages 
0471 02362 3 (paper only) $18.00/ £9.25 


Pesticides: 


Preparation and Mode of Action 


by R.J. Cremiyn, Principai Lecturer in Organic Chemistry, 
The Hatfield Polytechnic, Hertfordshire. 

Discusses the general principles of underlying chemical 
pesticides; with a brief history of their development H lists the 
main types of Insecticides, herbicides, and fungicides, with a 
dlecuse+on: of thelr chemical preparation, uses, and bio- 
chermica! mode of action. Acaricides, nematicides, fumigants, 
molluscicides, and rodenticides are also covered, and some 
novel methods of pest contro! are discussed, such as use of 
juvenile hormone mimics, sex attractants, chemosterilants, 
and microbial insecticides. The book ends witha discusalon of 
pesticidas in the environment and of future development in 
pest control chemicais. 

ber 1978 


250 pages 
0471 896319 $26.00/£12.00 


Ecology of Plant-Parasitic Nematodes 
by D.C. Norton, /owa State University. ` 


A oroad Gustineat di iha acclogy di tie namatadee thai 
parasrtise plants. The book is not concerned with disease per 
se. tt attempts to examine one small facet of a group of 
organisms that, under some conditions, cause disease. or 
damage. The author collates what Is known of plant nematode 
sag A osing extensive documentation as building blocks for 
kn the ecosystems Nematodes are treated as 
animals in their natural habitat, and not only as plant 
pathogens or parasites. i 

ember 1978 


2B4 pages 
0471 03188 7 $31.70/£16 85 


Practical Fungal Physiology 


by P.M. Robinson, Dapartment of Botany, 
The Queen's ‘University of Belfast. 


Essentially a practical book which deecribes the use of fung: as 
tools for physiological experiments. The pattern of develop- 
ment of mycelial fung! is traced-from germinating spores z 
mature hyphae and finally to the formation of the Ifu 
colony Instructions are given for a tinge Gt axpedimonta which 
relate to sach stage in this developmental sequence. Other 
topica ol general miy te ltl ooh dre aan anain 
reproduction, nutrition, morphogenetic substances, staling, 
mycostasis and continuous culture. Most of the practical 
details are given as flowsheets but additional Information and 
hints are interspersed with a eerie of short assays on the 
selected topics. 
October 1978 


132' pag 
0471 99656 4 (paper only} $8.00/£3 50 


Quantitative Ethology 
by P.W. Colgan, Quean’s University, Kingston, Ontario — 


This synthesises advanced quantitative techniques in the study 
of animal behaviour. it is designed te introduce ethologists to 


quantitative techniques useful for the field and to Increase thelr 


mathematical and statistical sophistication as the field. 
becomes increasingly quantitative. i , 

September 1978 : 380 pages 
0471 02236 6 $33.00/ £17.65 
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Understanding 
living systems 


Ordre et Dynamique -du Vivant: Che- 
mins de la Biologie Moleculaire. By A. 
Danchin. Pp. 381. (Editions du Seuil: 
Paris, 1978.) 


Tae object of this book, as specified 
by the author himself, is to emphasise 
the contribution of our knowledge of 
molecular phenomena to the under- 
standing of a living system as a whole, 
including the human brain processes. 
The book opposes those theories which 
purport that our understanding of the 
way a whole organism is working is a 
specific property of the system and 
cannot result from the analytical study 
of each of its components, and con- 
cludes that the fundamental properties 
of a living system are the direct con- 
sequences of the properties of its 
constitutive molecules, 

The author chooses several ‘“reduc- 
tlon levels”. He first examines the 
general characteristics of a cell and 
the modalities of its development. He 
then considers a second reduction level, 
the chromosomal one, and includes the 
rudiments of genetics and indispensable 
notions on cellular division. In the 
third and most extensive part, he comes 
to the fundamental reduction level, 
the molecular one. After recounting 
the nature of the interactions between 
atoms and between molecules, he gives 
a clear account of the processes of 
molecular biology—that is, an account 
of the mechanism of protein synthesis 
and its regulation—and has succeeded 
very well in describing the basis of 
these processes clearly and concisely. 

The last part is the most original. It 
begins with an examination of the 
nature of viruses and an analysis of 
the possibility of their synthesis, con- 
tinues with a study of genetical 
manipulation experiments already ac- 
complished or to be considered in the 
future, and ends with an examination 
of the feasibility of hypotheses con- 
cerning the origin of Hfe and the 
evolution of species. He explains the 
relationship between phylogenesis and 
variations in the amino acid sequences 
of proteins and why he conceives the 
evolution of species as the development 
of controls: some fluctuations in the 
hereditary programme favour the 
adjustment of the system to external 
conditions and are therefore integrated 
in the descendants. There must be a 
limit, however, to what can be 
recorded in a genetical programme, 
and non-hereditary modifications will 
occur. These individual processes, 
which the author calls epigenesis, allow 
adjustment to the external medium. 
The epigenesis of the nervous network 
is given as a good example. 


This book is aimed to non-specialists. 
My main regret is that the author’s 
care in explaining clearly the physico- 
chemical mechanisms of the blological 
processes to non-initiates did not allow 
him to develop bis own ideas more 
extensively. Nevertheless, this interest- 
ing book succeeds well in its stated 
purpose of showing that the working 


Regulators of 
plant growth 


Natural Plant Growth Inhibitors and 
Phytohormones. By V. L Kefeli. Pp. 
278. (Junk: The Hague and Boston, 
1978.) Df£L90; $44. 


THE known and accepted hormonal 
regulators of plant growth and devel 
opment comprise the auxins, the gib- 
berellins, the cytokinins, abscisic acid 
and (perhaps) ethylene. Each of these 
substances has a clearly defined range 
of physiological activities, and it is the 
interplay of these activities which re- 
sults in the coordination and regulation 
of the varlous processes and develop- 
ment. Some plant physiologists, how- 
ever, believe that this is not enough, 
asserting that the precise regulation of 
a process may only be achieved 
through a balance between stimulatory 
and inhibitory actions. Given this pre- 
mise, it is inescapable logic that the 
auxins, gibberelling and cytokinins, 
whose actions on cell growth and dif- 
ferentiation are predominantly stimu- 
latory, should be balanced by endo- 
genous, growth-inhibitory ‘substances. 
As almost any substance, at sufficiently 
high concentration, will inhibit plant 
growth, it is obviously very easy to find 
such inhibitors; it is, on the other 
hand, and equally obviously, extremely 
dificult to prove that such growth 
inhibitory substances actually act, 
endogenously, to inhibit growth. Dr 
Kefeli is a protagonist of the inhibitor 
camp, and he uses this book in a force- 
ful and single-minded attempt to con- 
vince the reader that his view is 
correct. 

The book is based on the author’s 
work carried out at the Timiryazev 
Institute of Plant Physiology of the 
USSR Academy of Sciences between 
1961 and 1967, and its most valuable 
contribution lies in providing, for 
Western scientists, in English, a read- 
able and well documented summary of 
work which is not easily available from 
published literature. It is also useful in 
bringing together diverse information 
on the synthesis and hypothetical func- 
tions of growth-inhibitory substances. 

There are, however, many shortcom- 
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of living systems can be explained by 
the behaviour of their constitutive 
molecules and their appearance by 
physicochemical phenomena. 

J. Tonnelat 


J. Tonnelat is Professor of Phyasico- 
chemical Biology at the Université de 
Paris-Sud, Orsay, France. 


ings. The background literature is only 
referred to when the conclusions 
favour the case being made. Also, doc- 
trines which are currently under ques- 
tion in the West (for example, the 
Cholodny-Went theory of tropisms, the 
gene expression theory of phytochrome 
action, and the presumed control of 
transcription by auxins and gibber- 
ellins) are presented as established fact. 
Critical analysis of data is practically 
non-existent. This book seeks to make 
a case, not to present a reasoned and 
unbiased account. Thus, only the 
reader himself can judge whether it is 
successful. Personally I remain un- 
convinced. 

H. Smith 


H. Smith is Professor of Plant Physiology 
at the University of Nottingham, UK. 
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newly on the market 





Laser microprobe. Zeiss-Jena. The 
Laser Microprobe from Zeiss—Jena can 
carry out qualitative micro tests on 
almost any electrically nonconductive 
and conductive specimen, and requires 
only a very short time for sample pre- 
paration. Microanalysis can immedi- 
ately follow the usual microscopic 
examination of the sample under the 
laser microscope. Semiquantitative 
microanalysis is also possible. The use 
of TV type spectrochemical detectors 
enables the immediate teledisplay of 
the spectrochemical composition of the 
sample spot vapourised by the laser 
microscope. 

Circle No. 52 on Reader Enquiry Card. 


Laboratory power supply. Buchler. A 
laboratory power supply featuring an 
L.E.D. digital display, has been intro- 
duced by Buchler Instruments. The 
display shows watts, milliamperes or 
volts, and can be easily read. Maximum 
outputs are 1,000V, 200mA and 
200 W. The unit can operate in either 
a constant-voltage, constant-current, or 
constant-power mode, instantly selected 
by pushbutton. Overvoltage and over- 
current protection are built in. The 
unit is particularly designed for the 
needs of workers in research and 


clinical electrophoresis. Voltage and 
current regulation are 0.1% and 0.2%, 
respectively. 


Circle No. 53 on Reader Enquiry Card. 


Solid state digital store. Wayne Kerr. 
Wayne Kerr have introduced the ADSI 
solid-state digital store to complement 
their RA200 AF response analyser. 
The RA200/ADSI1 provides a con- 
tinuous response curve, continuously 
updated with no chance of missing a 
sharp spike at some point, and no in- 
ternal filters or integrators to distort 
the response pattern. Whether the sig- 
nal source is the built-in sweep oscil- 
lator, or a gliding-tone test tape or 
disk, the dBs can be read from the 
vertical scale and frequency from the 
logarithmic horizontal scale. The solid- 
state digital store will record up to four 
complete curves and retain the in- 
formation (with the RA200 switched 
off) for 2 weeks. 

Circle No. 54 on Reader Enquiry Card. 


These notes are based on information 
provided by the manufacturers. For 


further details circle the appropriate 
numbers on the Reader Enquiry Form. 





Refractometer. Reichert-Jung. The 
Reichert-Jung Abbe Brix refractometer 
produces consistently accurate results 
even when used by an unskilled 
operator. All readings are presented 
on a L.E.D. digital readout, eliminating 
scale interpretation errors and enabling 
group observation. Three modes of 
measurement are provided by a mode 
selector switch. Temperature measure- 
ment is performed at the prism/ 
sample interface and displayed digitally 
to 0.1 °C. 

Circle No. 55 on Reader Enquiry Card. 





The Reichert-Jung Abbe Refractometer 


Spectrophotometer. Erba. The new 
Carlo Erba UV-vis spectrophotometer, 
the Spectracomp 601, allows all infor- 
mation to be keyed in through a simple 
keyboard. The spectrophotometer in- 
corporates a programmable computer, 
offers custom-made programs of 
analysis, and gives a clear print-out of 
all instruments’ parameters. It allows 
statistical analysis of spectral data, in- 
corporates a real time clock and a 
print-out of time, date and tempera- 
ture, and graphically displays values of 
absorbance and transmittance versus 
wavelength on an incremental plotter. 
Circle No. 56 on Reader Enquiry Card. 


Two-stage microchannel-plate multi- 
plier. Philips. By incorporating two 
different microchannel plates in series 
in one electron multiplier construction, 
L.E.P. in cooperation with Philips have 
achieved high gain combined with low 
gain fluctuation (A4G/G = 20%). 
Moreover, the gain can be varied bet- 
ween a value of 10° and 5x10’ while 
the high resolution is maintained. The 
two-stage construction can be used as 
an open amplifier for spectrometry 
(X rays, UV, charged particles) or in- 
corporated in a photomultiplier tube. 
Circle No. 57 on Reader Enquiry Card. 


Atomic absorption spectrophotometer. 
Perkin-Elmer, Perkin-Elmer announces 
the Model 560, double-beam atomic 
absorption spectrophotometer. The 
Model 560’s microprocessor includes a 
new computing ability that makes it 
possible to do complex calculations 
and implement sophisticated logic 
programmes quickly and accurately. 
Averaging, standard deviation, coef- 
ficient of variation and reslope are 
built-in. A dual-blazed grating per- 
mits optimum photometric response 
throughout the wavelength range with 
a single grating. The Model 560 
features automatic calibration with up 
to three standards and provides inte- 
grated readings in absorbance, con- 
centration or emission intensity, either 
updated continuously or held on the 
instrument display. Integration times 
are 0.2—60 s. 

Circle No. 58 on Reader Enquiry Card. 


Interferometer. Edinburgh Instru- 
ments. The model 200 confocal scan- 
ning Fabry-Perot interferometer has a 
standard free spectral range of 
0.025 cm™ and an experimentally ob- 
tainable finess of better than 20. The 
resolution of the instrument is of the 
order of 0.001 cm™ (30 MHz). Other 
free spectral ranges are available and 
an integral (pyroelectric) detector per- 
mits a chart record of the spectrum to 
be obtained. 

Circle No. 59 on Reader Enquiry Card. 


Low temperature cooler. Oxford Instru- 
ments. The K-Tip is designed for areas 
where there is a requirement to cool 
a sample or detector down to a 
temperature of 70 K, without the in- 
convenience of employing liquid gases. 


Some of the application areas 
envisaged include:— remote or 
hazardous areas where liquid gas 


supplies are either not available or 
undesirable; in process control where 
detectors are required over conveyors 
or other inaccessible locations; in air- 
borne or mobile systems where low 
weight, low power consumption and 
small size are an important consider- 
ation; and the sampling of atmospheric 
pollutants by cryopumping and sub- 
sequent GC analysis. The instrument 
comprises a single stage light-weight 
cooling head, coupled to a compact 
compressor package by flexible gas 
lines. 

Circle No. 60 on Reader Enquiry Card. 
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Tropical Trees as Living Systems 
Edited by P. B. TOMLINSON and 

MARTIN H. ZIMMERMAN 

Tropical forests remain the largest scientifically 
unexplored region of the world and yet they are being 
rapidly depleted by short-term exploitation. This 
book published the results of the Fourth Cabot 
Symposium held at the Harvard Forest in 1976 and 
presents an assessment of the present state of our 
knowledge of tropical tree biology set against a 
background of community ecology and forest 
structure. £27.50 net 


crown dao 


An Introduction to the History of 


Virology 
A. P. WATERSON and LISE WILKINSON 
‘This handsomely produced volume covers the 
progressive unveiling of the nature of the virion and 
the evolution of the modern concept of a virus. The 
first page catches the reader’s eye by a magnificent 
colour plate of a bunch of variegated tulips, which has 
distinctive patterns attributable to an infection by a 
virus, the tulip mosaic virus. From here onwards the 
reader will be hooked by the dazzling story of 
virology (many of the founder fathers are with us 
still), ably unfolded.’ The Lancet 
£12.00 net 


The Evolution of Sex 
J. MAYNARD SMITH 
The question of why organisms reproduce sexually is 
still a matter of controversy. In this account, 
Professor Maynard Smith considers the selective 
forces responsible for the origin and evolution of 
sexual reproduction and genetic recombination, using 
quantitative population genetics arguments to 
support his ideas. The author does not claim to solve 
all the problems he raises, but this clear and well 
argued account will provide stimulating reading for 
advanced undergraduate students and research 
workers in evolutionary theory. 

Hard covers £9.50 net 

Paperback £2.95 net 





Paperback edition 


Crop Physiology 

Edited by L. T. EVANS 

Now available for the first time in paperback, this 
very well received collection of comprehensive 
reviews of the physiological basis of yield in nine of 
the world’s most important crops. 

‘... an excellent resource for advanced undergraduate 
and graduate courses and a valuable reference for 
crop investigators.’ American Scientist 
Also available in hard covers Paperback £5.50 net 


Stem Cells and Tissue Homeostasis 
Edited by B. I. LORD, C. S. POTTEN and 

R. J. COLE 

Arising from the second symposium of the British 
Society for Cell Biology, the papers in this volume 
cover many aspects of stem cells, from developmental! 
considerations to their distribution in epithelial 
tissues, plant meristems and the haemopeietic tissue. 
This broad overview should be of interes: to research 
workers and students of cell biology threughout the 
world. 


British Society for Cell Biology Symposiun 2 £18.50 net 


Leaf Protein and Other Aspects of 
Fodder Fractionation 

N. W. PIRIE 

The suggestion that it might often be advantageous to 
fractionate leafy crops instead of using them solely as 
ruminant fodder has recently been gaining wider 
acceptance. In this book Mr Pirie describes the 
methods of separating protein from other leaf 
components, the practical problems enceuntered, and 
how they may be overcome. This is an imteresting and 


informative account that will have a wide readership. 
£8.00 net 


Isolation of Plant Growth 


Substances 

Edited by J. R. HILLMAN 

This volume deals with the extraction, purification, 

identification and measurement of the naturally 

occurring plant hormones—indole acetic acid, the 

gibberellins, the cytokinins, abscisic acid and 

ethylene. It is essentially a book for the advanced 

undergraduate, research student and scientist 

concerned with pure and applied research into the 

chemical regulation of plant growth. 

Society for Experimental Biology Seminar Series 4 
Hard covers £9.50 net 

Paperback £4.40 net 


Vectors in Three-Dimensional Space 
J. S. R. CHISHOLM 
This book deals with vector algebra and analysis, and 
with their application to three-dimensioral geometry 
and analysis of fields in three dimensions. Written 
primarily for undergraduate mathematicians in the 
early part of their courses, this lucidly written book 
will also appeal to mathematical physcists and to 
mathematically inclined engineers. 

Hard covers £15.00 net 

Paperback £4.95 net 


CAMBRIDGE UNIVERSITY PRESS 
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now you can measure 
testosterone and dihydrotestosterone 
separately or together 


\ 





Our new RIA kit is the simplest and fastest available for the assay of testosterone and 
dihydrotestosterone, separately or together in research applications in a wide range of 
biological samples. 


To assay both androgens together a high specific Separation of the two androgens is achieved 
activity tritium label gives the assay a very sensitive without the need for column chromatography by the 
detection limit of 3 po dihydrotestosterone per use of a novel oxidation step which destroys the 
incubation tube. Also, a wide range of concentration testosterone present. The assay of the unaffected 
levels can be assayed, up to 400 pg testosterone and dihydrotestosterone is achieved with a simple 

800 pg dihydrotestosterone per incubation tube. protocol incorporating a short incubation time of 2/2 


hours. Standards for both androgens are provided. 
Accurate results are obtained easily and quickly. 





new 
testosterone/dihydrotestosterone RIA kit 
+7 
The Radiochemical Centre a aa ET 
Amersham W Germany: Amershom Buchler GmbH & Co KG. Braunschweg Telephone 
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Michel Magat 


MICHEL MAGAT, professor at the Paris- 
Sud University of Orsay, died on 6 June 
1978. He had been for more than forty 
years one of the notable physical 
chemists in Europe. 

Born in Kharkov in October 1908, 
he did his first research in Germany 
with Ernst Bergman (who was to be- 
come one of the organisers of chemical 
research in Israel) before joining the 
group of Edmond Bauer at the Sor- 
bonne. There some of his publications 
made him widely known before he had 
reached the age of thirty. During the 
war he was with the Free French 
Forces until 1945. He then spent a long 
time at Princeton, adding to his already 
wide range of interests that of poly- 
meric materials and their behaviour 
under intense irradiation. 

After the war he was among those 
whom Frédéric Joliot—at the time 
head of the Centre national de la 
Recherche scientifique—entrusted with 
the development of French physico- 
chemical research. Much of what has 
been achieved since has been due to 
him and to his many brilliant pupils. 
Director of research at the C.N.RS., 
he later became assistant professor at 
the Sorbonne, then full professor. 
When a Faculty of Science was estab- 
lished at Orsay, he was among the 
first to go there, and contributed 
greatly to make it one of the liveliest 
research centres in France. 

He always showed a great interest 
in his teaching. and in coordinating his 
lectures with those given on neigh- 
bouring subjects. In this too he was a 
precursor of what has since become 
commonplace. He was one of those 
who were not afraid to state that doing 
good research did not always qualify 
one to be a teacher. 

Radiation effects, polymers, mole- 
cular collisions, relaxation phenomena, 
reaction transients, nearly all aspects 
of molecular spectroscopy, the struc- 
ture and behaviour of water, liquids 
and glasses were among the subjects 
this encyclopaedic man took up with 
constant success. His principal concern 
was fundamental research but he kept 
a keen sense of realities, and a number 
of his studies have had useful applica- 
tions. Graduates came to his laboratory 
from many countries to benefit from 
his direction. Throughout the world, 
his many former students kept with 
their former ‘maitre’ the ties of friend- 
ship, and often looked for the advice 
and judgment of his experience and 


fertile imagination—the more so as he 
was a true internationalist, always con- 
cerned with improving scientific and 
cultural exchanges, promoting col- 
laborations and cooperations across 
frontiers, and also across intellectual 
and political barriers. 

Magat had been president of the 
Société de Chimie physique, which had 
recently made him its honorary life 
president. He was also a vice-president 
of the Faraday Division of the 
Chemical Society, and a scientific 
advisor of the Hahn-Meitner Institute 
in Berlin. His many travels, his remark- 
able fluency in many languages, his 
interest in man and his sense of 
humour also made him a living re- 
pository of the world’s folklore and 
jokes. 

Many colleagues and friends mourn 
his death. Michel Magat achieved 
much in his research and teaching. He 
was also fully committed to every cause 
and principle in which he believed. 
Age, experience, fame and responsi- 
bilities had not dulled in him the sense 
of justice and duty. He had the friend- 
ship and respect of all those who knew 
him. 

C. Troyanowsky 


W. D. Chesterman 


PROFESSOR W. D. CHESTERMAN, dis- 
tinguished for work on high speed 
photography and side-scan sonar, died 
on 6 July 1978 at the age of 65, after 
a short illness. 

After graduating at Bristol Univer- 
sity in 1934 he worked in the research 
department of the British Thomson- 
Houston Company. In 1939 his in- 
dustrial experience proved of value to 
the Admiralty at the Signal School in 
Bristol and in 1943 at H.M.S. Vernon. 
In 1945 he was in charge of the 
Admiralty Photographic and Instru- 
ment Research Laboratory and then 
moved to the Admiralty Research 
Laboratory, Teddington. 

He was much concerned with the de- 
velopment of techniques involving pho- 
tography and, in a joint study with in- 
dustry, made a major contribution to 
the design of a high speed camera. An 
underwater study, combining theory 
and experiment (with short period flash 
and high speed photography), gave an 
elegant demonstration of the changing 
forms of transient, but troublesome, 
cavitation bubbles. 

He became a Fellow of the Institute 





of Physics in 1943 and of the Physical 
Society in 1945. Among his early 
publications was aa authoritative book, 
on the photographic study of rapid 
events (1951), whch proved of wide 
interest. His leadership was also re- 
cognised by his chairmanship of the 
International Committee on High 
Speed Photography (1956-58), and by 
his Fellowship of the Royal Photo- 
graphic Society in 1958. 

Meanwhile, in 1949 he joined the 
Admiralty Underwater Weapons Estab- 
lishment, where his restless enthusiasm 
and drive stimulated the application of 
side-scan sonar. Hie made the first 
extensive true-plan presentation of sea 
floor patterns, from an overlapping 
mosaic of records. The scientific value 
of the method for showing rehef and 
texture in plan view was illustrated in 
a joint paper in 1958. In 1959 he was 
awarded a D.Sc. by Bristol University 
for his pioneering work in several fields. 

In 1960 he reade a courageous 
change by taking she Chair of Physics 
at Hong Kong. Under his stimulating 
guidance the department grew in size, 
became interested in the surrounding 
seas and attracted visits from other 
workers. His owa research included 
sonar surveys of nearby sea floors as 
well as banks of tne South China Sea. 
All was new, but of particular interest 
was his study of patterned coral floors. 
He also demonstrated the method in 
Canadian waters. 

In 1966 he became head of the Geo- 
physics Group of Bath University and 
the Chair of Geophysics was created 
for him in 1969. He built up the group, 
attracted funds from outside and en- 
couraged interest in acoustics and the 
sea. He found a ready demand for side- 
scan sonar surveys of potential under- 
sea cable routes ard sought to improve 
search and presentation techniques. 
Although these aims were commercial 
the data obtained were scientifically 
valuable. In 1975 he became head of 
the Physics Schoel and then became 
Professor Emeritus just before retire- 
ment in 1978. He had been an effective 








member of University Senate and 
Council. 
His humanity, charm and vivid 


personality won han many friends and 
made him easy to work with. These 
qualities, and his use of hyperbole 
helped to coax opponents into willing 
helpers and were valuable aids when 
handling pompostty. He calmed the 
nervous students t vivas and had the 
vital gifts of making young researchers 
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feel significant and of welding them 
into an effective team. He had a 
healthy disrespect for unjustified 
bureaucracy. 

He paid many visits to the mountains 
and was particularly keen on high level 
walks. His considerable knowledge and 
love of music was a pleasure to his 
friends, an asset to the University 
Music Society and led to a deep in- 
volvement in the management of the 
Bath Festival. He was largely respons- 
ible for the creation of the elegant 
Crafts Study Centre in Bath. 

He leaves his wife Jean and two 
children Merlyn and Patrick. 

A. H. Stride 


Vivi Laurent-Tackholm 


BIOLOGICAL science in general, and 
Egyptian botany in particular, has 
suffered a great loss with the passing 
of Vivi Laurent-Tackholm, who died 
in Stockholm on 3 May 1978, at the 
age of 80. 

This grand old lady had been closely 
associated with the University of Cairo 
in Giza for over 50 years, some 32 
years as a professor of botany in the 
Herbarium. Vivi Tackholm was recog- 
nized and respected not only as the 
‘dean of Egyptian botany’ but appre- 
ciated by all who knew her es one of 
those rare scientist-scholars who is 
completely selfless. She helped count- 
less students and investigators both in 
Egypt and abroad by giving freely of 
her vast experience and deep erudition 
on all matters Egyptian, motivated 
only by a sincere hope that a more 
carefully planned research project 
could be launched, or if a project was 
near completion, that a more mature 
complete interpretation could be 
achieved. 

A brief overview of her life reveals 
Vivi Tackholm as a very unconven- 
tional woman. She was born in Djurs- 
holm on 7 January 1898. After obtain- 
ing her fil. kand. degree in botany 
(embryology) in 1921 at the Stock- 
holms Högskolas, she travelled to the 
U.S.A. where she worked from east 
coast to west coast at various jobs, 
including being a servant. She also 
began at that time her career as a wri- 
ter, with a two volume work illustrated 
with her own photographs entitled 
Vivi's resa .. . (Vivis Journey). This 
was first published in Stockholm (1923- 
24) and soon after in German transla- 
tion (Gotha, 1925-26). 

After her return to Sweden, she held 
a position in the editorial department 
of the Nordisk Familjebok (Nordic 
Family Book) from 1923-26 (and again 
in 1931-33). From 1923-25 she also 
worked as a journalist for various 


Stockholm newspapers. She wrote the 
children’s classic Sagan om Snipp, 
Snapp, Sorum (The Saga of Snipp, 
Snapp, Sorum) during that period (pub- 
lished 1926, last reprinted in 1976.) 

In 1926 she married Gunnar Vilhelm 
Tackholm, a promising botanical inves- 
tigator who had earned his doctorate 
at Stockholm in 1922 and had already 
gained a reputation for his cytological 
work. Gunnar Tackholm was called as 
Professor of Botany to the Egyptian 
University in Cairo (founded in 1908) 
in September 1925 to found a depart- 
ment of botany in the newly established 
Faculty of Science. For the next three 
years, Vivi aided her husband with all 
those duties associated with running 
the department (housed in the former 
harem building of the Za’ afaran Pal- 
ace) and taught the practical botany 
instruction for students of medicine, 
pharmacy and dentistry. 

During those early years the need 
for an Egyptian flora was greatly felt, 
and the plans were laid for the monu- 
mental, but still unfinished Flora of 
Egypt. Also a number of major field 
trips were made and extensive botani- 
cal material collected. The Tackholms 
stayed in Egypt until 1929. 

Vivi then spent a year and a half at 
the Herbier Boissier in Geneva study- 
ing and comparing their specimens with 
the type specimens of Flora Orientalis. 
She would later acknowledge the im- 
portance of this period not only for 
her understanding of floristics and 
taxonomy but for the stimulation and 
encouragement gained from Robert 
Chodat, the eminent botanist-taxono- 
mist. Vivi Tackholm continued work 
on identification of Egyptian plants in 
Berlin, Kew, London, Weimar and 
Stockholm under scholarships from 
the Royal Swedish Academy of 
Sciences. She and her husband con- 
tinued their collaboration until his 
death from tuberculosis in 1933. 

Vivi Tackholm was persuaded to 
continue the work her husband and 
she had started. The Botany Depart- 
ment at Cairo, especially the Herba- 
rium, grew and profited by her associa- 
tion. Under difficult conditions she gra- 
dually accomplished wonders. Indeed 
she called herself ‘the world’s biggest 
beggar.” Largely through her labour 
and efforts, the herbarium grew to be 
one of the largest and finest in Africa; 
the same is true of its botanical library. 

In 1941, 16 years after its inception, 
volume I of the Flora of Egypt 
authored by Vivi and Gunnar Täck- 
holm, in collaboration with Moham- 
med Drar was published as a Cairo 
University (then Fouad I University) 
bulletin; volumes H, IH and IV 
appeared in 1950, 1954 and 1966 res- 
pectively. These later volumes were 
co-authored by herself and her Egyp- 
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tian collaborator and friend Drar. 
When Drar died in December 1964 at 
the age of 70, Vivi Tackholm expressed 
her great concern for the future of the 
Flora project which she continued to 
work on until her death. 

The Flora, not unexpectedly, is an 
unusual work. It is a labour of love, 
clearly carried out unhurriedly in the 
tradition of those great botanical scho- 
lars she would emulate. It has been 
hailed as a model of scholarship and 
completeness. One special feature is 
the detailed treatment of the extensive 
ancient Egyptian tomb flora; another 
is the attention paid throughout the 
volumes to agriculturally important 
plants and economic botany. Also the 
enormous bibliographies, which pro- 
vide access to the ancient and modern 
Arabic literature, are gems. Since the 
completion of the Flora would take 
many additional years, a version 
especially aimed at students, was 
published in 1956 (2nd edition 1973). 

In 1952 Stockholms Högskolas con- 
ferred upon her an honorary doctorate. 
in April 1978 she was honored by the Roya 
Swedish Academy of Sciences with the 
gold Linné medal for her pioneering 
research. ihe Egyptian government 
bestowed her with high order decora- 
tions on her 60th and 70th birthdays. 
A special Festschrift entided 50 Years 
Cairo University Herbarium—s0 Years 
Birthday of Vivi Tdckholm was pub- 
lished in 1977. 

in addition to several shorter, re- 
search publications, Vivi Tackholm 
authored numerous popular and semi- 
popular books. In these works her 
supreme knowledge of Egypt as well 
as her deep love for plants, Egypt, and 
the Egyptian people is apparent. Indeed 
she is attributed with saying she ‘could 
live without food, but not without 
flowers.’ 

Cairo University has recently de- 
cided to name the Herbarium in her 
honor. But the greatest legacy of Vivi 
Tackholm is the tradition of love for 
work and scholarship that she set for 
her many students and associates. She 
was also gifted with an exceptional and 
gentle personality. AH who knew her, 
well or slightly, agree that they are 
better off, even enriched, by having 
associated with her. Her smile, bright 
eyes, fluffy snow white hair, generosity 
and readiness to help will be remem- 
bered warmly by many. Those who had 
the pleasure of visiting her at her 
apartment in Orman will also recall 
her gracious hospitality. 

Her closest survivors, a brother, 
Professor Emeritus Torbern Laurent, 
her sisters Maj Laurent, textile de- 
signer and Gavonne Laurent, several 
nieces and nephews, and their families, 
are extended our deepest sympathies. 

Abraham D. Krikorian 
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In accordance with the provisions of the foundation, papers are 
herewith invited for 1979 in conjunction with the 


HEINRICH-WIELAND-PRIZE | 


which is endowed by the Margarine Institute for Health Nutrition, 
Hamburg, for the promotion of research. 


The prize, named after Professor Dr. Heinrich Wieland, the Nobel Prize winner 

who died in 1957, is awarded annually and is offered for work on the chemistry, 

biochemistry and physiology of fats and lipids, as well as on their clinical impor- 
tance and their significance in the physiology of nutrition. 


The Heinrich Wieland Prize consists of a “Heinrich Wieland plaque” and the sum of 
15,000 West German Marks. 


The prize-winner will be selected by a Board of 
Trustees which consists at present of the following: 


Prof. Dr. Wolfgang Gerok, Freiburg 

Prof. Dr. Rolf Griittner, Hamburg 

Prof. Dr. Werner Heimann, Karlsruhe 

Prof. Dr. Dr. Wilhelm Stoffel, Cologne 

Prof. Dr. K.-H. Baessler, Mainz 

Prof. Dr. Dr. h.c. Gotthard Schettler, Heidelberg 
Prof. Dr. Viktor Wolf, Hamburg - 

Prof. Dr. Nepomuk Zoellner, Munich ` 


Persons eligible for the HEINRICH-WIELAND-PRIZE for 1979 are authors of unpub- 
lished scientific treatises or treatises published during the period from 1978 to 1979. 
Papers must be written in , English or French. All Papers in English or French - 
must be accompanied by £ summary of about 3 pages in German. Treatises that have 
already been awarded some other prize for scientific work are not eligible. | 


The closing date for sending in Papers for the 1979 award is ist March, 1979. 


A single copy of the Paper. must be sent by this date to the following address: 
Board of Trustees for the Award of the Heinrich-W ieland-Prize 
Prof. Dr. Alfons Fricker, Ringelberghohl 12, 7500 Karlsruhe-Groetzingen 41, 

i West Germany. | 


The Goe of this year’s prize will take place at 10.30 a. m. on 
2] 


October, 1978 in the Adolf-von-Baeyer-Lecture-Hall of the 
University of Munich, which 1s located in Meiserstrasse. 
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0-292-7 6443-X. Txt god La and London. eo p or Texas Pross, i > £10.50. 
E TO gt ae go Toun De Tact E. Rom, Der 


T translated D . Pp.x+278, ISBN-0-12 AAR 
Cote . = 
ya an D N i978. Pu for 2, ISBN-0-12-740550-. (London 


Soctology 


GATH, Ann. Down's Syndrome and the Family. The Early Years. 

ISBN-0-12-277450-7. (London and New. York: kadak Su 
Harcourt Brace Jovanovich, Publishers, EAEN £6.80, $13.25. 
HORTON, Raymond L- The General Linear Model. w 


LEAKEY, Meave G., and LEAKEY Richard E. (ectrted }. Koobt Fora 
Research Vol. 1: The Fosi Hoods and an to Their 
Context, 1968-1974. (Monograph No. 1 of The al Lour Leakey 
Institute for Afocan P TETIT BI ISBN-O-19-857392-8. (Oxford 

London! y , 1978.) £15 net 

SANKOFF, David -(odited by}. Langumiac and 
ty hel i o9 ISBN OL LSS Men Academic Press, 

of Harcourt Brace pas A. a. 1978) $17.50, £1133. 

U -SEBEOK, D. Jean, and SEBEOK, Thomas A. (edrted by). 

Sign Languages of and Austraha. Vol 1: N 


the Armancas ustralse 
BRNE SEN eee 3 (v.2). (Now York and London. 


a 


. History of science 
ABU AL-HASAN AHMAD ibf [IBRAHIM akUQLIDISI. The Artthmepbc 
of ALUqhdm~ The Story of Hindu-Arabec Arithmotc as told in Kitab al-Fusul 
fi al-Hmab al-Hind: a ani and “Annotated ty A S 


802 at Yor Istanbul, written in‘ the $82 

(A D. D 1180) pace 2 ISBN30277-07325. (Dordrs bene sa Holland and Boston, 
Puhas ora P 195, $78 

CANNON, Saen 


+296. Err Et Sai E PO. wee Pr cttca amd Sons, Ltd; 
York. Scence esas l Pubbeations, 1978 ) $17.95 
GIFFORD, Jr., George E. (edited bya t ` and tho 
New Engiend Medical 1894— +438 ISB 1-9, 
(New York: Science History a Neals Watson 
Pu so a $35 
Y. T Coturas. 


: A Journey Down tho 
Baulbdére Tindall, 


ATERSON, and WILKINSON, Lise. An Introduction to the History 
of ‘Virology Rava DT, ISBN0-521-21917-5. (Cambridge, London and New 
York: Comber Dane Tee 1978 ) £12 net. 


‘ “ 
, 


ATKINSON, A. B, HARRISON, A. J., and STARK, T., Woakh.: Personal 
Intomes. (Renews of "Untted Stansocal Sources, ` Vol 6.) Ppi +142 
i York Pwgamon Pros, a Publahed foc 


Coane £12.50. 


gad tao noca 13480-5. 


The ‘Statistical Socsety Saonce 
BANYARD, P. J. Natural Wonders of the World. Pp.191. 18B 
Condon Orbn , Ltd, 1978. E e. 
‘BENNETT, R. J., 

Control. 


ORLEY, Environmental $ Firar pk 
Analyns and AETA (SBN-0-41671020-4. (Methuen rae and Co. 
dan 1978.) £33.00, 
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announcements 





Meetings 
4-6 December, Winter Simulation Con- 
ference, Miami (Paul Roth, B250 


Technology Building, NBS Washing- 


ton, D.C. 20234). 


5 December, Automating Building 
Climatology, Nottingham (Royal 
Meteorological Society, James Glashier 
House, Grenville Place, Bracknell, 
Berks, UK). 


13 December, Variability in the Fre- 
quency of Unusual Weather over 
approximately the Last Century, 
London (Royal Meteorological Society, 
James Glashier House, Grenville Place, 
Bracknell, Berks, UK). 


13 December, Computer Networking 
Symposium, Gaithersburg (Rob Rosen- 
thal, B212 Technology Building, NBS, 
Washington, D.C. 20234). 


14 December, Weather Modification, 
Manchester (Royal Meteorological 
Society, James Glashier House, Gren- 
ville Place, Bracknell, Berks, UK). 


5 January, Aspects of Current Research 
in Climatology, Manchester (Royal 
Meteorological Society, James Glashier 
House, Grenville Place, Bracknell, 
Berks, UK). 


9 January 1979, Radiative Fog— 
Physical and Forecasting Aspects, 
Nottingham (Royal Meteorological 
Society, James Glashier House, Gren- 
ville Place, Bracknell, Berks, UK). 


18 January, Synthetic  Alicyclic 
Chemistry, London (Stanley Langer, 
The Chemical Society, Burlington 


House, London W1, UK). 


18 January, Snails and Hedges—an 
Ecological and Historical Interpret- 
ation, London (The Linnean Society of 


London, Burlington House, London 
WI, UK). 

25 January, Research on African 
Climatology, Manchester (Royal 
Meteorological Society, James Glashier 
House, Grenville Place, Bracknell. 
Berks, UK). 


26-29 January, Renal Patho-physiology 
—Recent Advances, Florence (Prof. 
A. Leaf, Harvard Medical School, 
Massachusetts General Hospital, Bos- 
ton, Massachusetts 02114). 


29 January-24 February, Approaches 
to the Molecular Genetics of Oncogenic 


Viruses by DNA Cloning and DNA 
Injection into Mice Blastocysts, Rome 
(Prof. Enrico Calef, Centro Acidi 
Nucleici del CNR, Via G. Romagnosi 
18/A, 00196 Rome, Italy). 


14 February, Fracture Mechanisms, 
London (The Meetings Secretary, The 
Institute of Metallurgists, Northway 
House, Whetstone, London N20, UK). 


l6 February, Cellular Recognition 
Systems, Edinburgh (The Linnean 
Society of London, Burlington House, 
London W1, UK). 


20 February, Climate Research and its 
Relevance to Human Affairs, Lincoln 
(Royal Meteorclogical Society, James 
Glashier House, Grenville Place, Brack- 
nell, Berkshire, UK). 


21-23 February, The Value of 
Meteorological Services, Victoria (Dr 
P. Webster, CSIRO, Division of 
Atmospheric Physics, Aspendale, Vic- 
toria, Australia). 


3-5 April, Aspects of Researches into 
Monocotolydons of Horticultural 
Importance, London (The Linnean 
Society of London, Burlington House, 
London W1, UK). 


4-7 April, Phase Transformations, 
York (The Meetings Secretary, The 
Institution of Metallurgists, Northway 
House, London N20, UK). 


29-3] May, International Symposium 
on Oligozoospermia, L’Aquila (G. 
Frajese, Clinica Medica V—Policlinico 
Umberto I, 00100 Rome, Italy). 


2-23 June, Tropical Marine Ecology, 
Pine Clay (Barbara Laumark, Univer- 
sity of Connecticut, Box U-56, Storrs 
Connecticut 06268). 


4-8 June, International Uranium Sym- 
posium on the Pine Creek Geosyncline, 
Sydney (The Executive Secretary, PO 
Box 387, Grosvenor St, Sydney, New 
South Wales 2000, Australia). 


4-17 June, The 1978 CERN School of 
Physics, Utrecht (Service de Presse, 
CERN 1211 Geneva, Switzerland). 


8-10 June, International Symposium 
on Chemical Toxicology of Food, 
Milan (Organizing Secretariat, Centro 


Studi Dell? Alimentazione, Nutrition 
of Italy, Via S, Pietro alfOrto 17, 
20121 Milan, Italy). 


13-15 June, Chromium in Nutrition 
and Metabolism, Quebec (Dr D. Shap- 
cott, Departement de Pediatrie, Centre 
Hospitalier Universitaire, Sherbrooke, 
Quebec, Canada JIH 5N4). 


18-22 June, Occupational Radiation 
Exposure in Nuelear Fuel Cycle 
Facilities, Los Angeles (John H. Kane, 
Office for Technical Information, Dept 
of Energy, Washington, D.C. 20545). 


19-20 June, 
posium on 


10th international Sym- 

Chrematography and 
Electrophoresis, Venice (Fondazione 
Giorgio Cini, Isola di San Giorgi 
Maggiore, Venice, Italy). 


19-22 June, 4th International Sym- 
posium on Biochemistry of Exercise, 
Brussels (Prof. J. Poortmans, Chimie 
Physiogique-—-ISEPK, Université Libre 
de Bruxelles, 28, Ave P. Héger, B-1050 
Brussels, Belgium). 


21-22 June, 6th International Sym- 
posium on Mass Spectrometry in Bio- 
chemistry and Medicine, Venice 


(Fondazione Giorgo Cini, Isola di San 
Giorgi Maggiore, Venice, Italy). 


24 June-3 July, Chemistry of Solid/ 
Liquid Interfaces, Cavtat (Sth Summer 
Conference Chemistry, © for 
Marine Research, “Rudjer Boskovic” 
Institute, PO Box {[016, YU-~41001 
Zagreb, Yugoslavia). 


1-6 July, 8th International Conference 
on Atomic Spectroscopy, Cambridge 
(Secretariat, PO Box No. 109, Cam- 
bridge, UK). 


2-4 July, Insulating Fibns on Semi- 
conductors, Durham (Prof. G. G. 
Roberts, Dept of Applied Physics and 
Electronics, University of Durham, 
Science Laboratories, South Rd, Dur- 
ham, UK). 


2-6 July, Laser 79 Opto-Elektronik, 
Munich, {Münchener Messe-und 
Ausstellungsgesellschaft mbH, Bereich 
Kongresszentrum, Kongreebtro, Lasre 
79 Opto-Elektronik. Postfach 12 10 09, 
D-8000 München 12, FRG). 


6-7 July, The On-Line Revolution in 
Information, Paris ((CSU AB, 17 rue 
Mirabeau, 75016 Paris, France). 
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APPOINTMENTS VACANT 


STATE OF KUWAIT — Kuwait University 
Academic Posts for 1979/1980 








Applicanons are invited for the poses of estant professors and lecturers, Contracts commence from 
aE September, 1979, for two years renewabie a further period of four years f convenient to both applicant and the 
nrversity 







Applicant should ber 
) Holder of Ph.D degree or its equrvalenc in the respectrve spec] mation. 
ee Holder of an academic post at present in an accredited unrvarety or research centre. 


it should be noted that-— 


—Teaching in Englah s a must. 
—Machod oft ing ac Kuwait Univenncy us based on the credit system. 


Meld of specialization — 
Department of Physica: Sold Stare es, Nuclear Phyucs, Electronics 
Department of Chemistry: c Chemistry, Physical Chemustry, inorganic and Analytical Chemaery 
of Biochemistry: Immuno Biochemistry, General Brochemestry 
Department of Zoology: Compararre Chordate Anatomy, Anima! Phymology (Endocrinology), General Zoology 
Dapertment of Geology: Structural Geology, Geochemuntry, Recent Sedimentology 


Rank and Salary will be determined according to present position, qualrficagon and years of experence 



















Monthly total ealanes are in the of: K.D. 
Lecturer (U.S Aseestantc esor) 460—~55.0 
Aserscant (U.S Associate Professor) . S735—~665 
Prof amor 






restriction.) 
Candidates are aleo entitled to ths following privileges: 

i. Annual return ar uckets to che country of atrenship would be provided to the applicant, hes wife and three of hs 
children not exceeding the age of twenty. 

2 Free furnshed accommodanon with water and electric supplies, 

3 Excess baggage allowance in the vanity of cea need only) kilogrammes for the staff member end 20 {twenty only) 
lalogrammes for each member of ha family | be incurred by the Unrversity, provided these members accompany 
him upon ha joining the service, 

4. The saff member | be enutled to free sea freight allowance of 400 (four hundred >i lulogrmummes, provided 
costs of the sid freight for the sad argo do not exceed Kuwain Dinara 100 only. Thus ss applred at the beginning and 
end of the contract 

S. Gratuity et the and of service shall be one month's bask salary for each year spent in the service of che University, 

Application and Curnmculum Vitae forms sre obcunable from the nearest Kuwut Embassy. Completed epplicaton 

accompenied by three letters of recommendation, together with a non-returned oey of the candidate's publicanona should 
be submucted di to Kuwait Unrversity, Depertment of Adminscragen Affurs, P.O Box 5969, Kuwat, not later than 
3ise December, | $hort terme contract (eg. sabbetical, visting, etc.) will also be considered. TIBIA) 












Agricultural UNIVERSITY OF 
COURSES Research Council WOLLONGONG 
Institute for Research LECTURER IN 
THE ADVANCED SCHOOL on Animal Diseases BIOLOGY 
in MOLECULAR BIOLOGIST (LIMITED TERM) 
PROCESS MICROBIOLOGY A MOLECULAR BIOLOGIST = PLANT PHYSIOLOGIST 
required to lead a small research team 
AND sae R iii palin ae dened of meso Biology ere ment aa 
aue eee: ereo rE a o e ee ee de oi 
eren of m in 
i ITY OF intestinal receptors has been an | functional biology at cellular, fer 
September 16 to 22, 1979 especial interest of the team but it | logical and community levels, The 
This residential course uw intended | % intended to expend work to en- | appointes will be y responnble 
for graduates in mucrobiology, bio- | compass other related situations, for a course in plant physiology with 
chemistry or engineering working in In addition the person will be cr- nies) gaara on regulatory mechansms 
the multidweciplinary area embraced by | pected to advise and assist other pro- environmental interactions, and 
biological processes Essential foatures ject groups will also be expected to contribute to 
of the course are the tutori” system Qualifications: Ist or U ‘ang | other pon offered by tho depart- 
and lectures by eminent vinting | Class Honours Degree in Biochem i na ae penra uslrfcations 
speakers Molecular Biology or a similar su are Hacer post as cas 
Course tutors Dr D E F Harrison, | sect and at least four years’ relevant i 
Dr R C Righelato, Dr D. Brown, | postgraduate research experience Further information may be ob 
Dr. G. Pace, S G. Obver Senior Sci iaie talned from Professor A Brown, 
Vistting Lecturers include. Dr C | pe Is4 pa to £6,898 pa or Principal | "15° University. 
Ball, Profesor P H Clarke, Profemor | Ciun. Ofca scale £6,609 pa to Closing date November 6, 1978 
S. J Professor D W Tempest, £8 461 nding i ex ence Salary range S$A15,179 to $A 19,940 
Professor B. Atkinson, Dr D S$ Flynn : pa depe SA pert per annum. 
Tuition Fee: £150 00 Accommodation Permanent post, with pon-contribu- rhe jeter af ah anonim tora 
(n x) £90 00 (OT PENMON EETRIS limted term lectureship would be for 
further details apply to' Appbleation forma Secretary, In- | a period not exceeding four years 
Dr $ G. Oliver, stitute for Research on Animal 
University of Kent at Canterbury, Diseases, Compton, Nr. Newbury, Condition of apparata and 
a ip auonns O A Pan E fot ape [> SOPLO On Mo Unteorsilies (ADAN). 
Kea "INI plications: et 20 Oe (978. | 36 Gordon Square, London VEH 
' 7947(D) TAEA) pa T921(A) 


THE ROYAL 
VETERINARY COLLEGE 
University of London 


Division of Paraclinical Studie 
DEPARTMENT OF PATHOLOGY 


LECTURER IN 
VETERINARY PATHOLOG 


Preference will be given +p 
applicants heaving some relevant 
ence [In postmortem duot. bia. 
pathology or similar fiekis, b 
consideration will be to applic 
tions from recent nates or other 
SALARY SCA (UNDER Rp 
VIEW) £4,333 to £8,204 incluse « 
Londen Allowance Initial salary wi 
be determined eccording to qualific 
tions and experience. Superanozatic 
under the Universities’ ome. 
Removal expenses up to £800 may Wa 
reimbursed in approved circumstance 
Application form and further detat 
from the Assistant 


OTU Telephone 01-387 2898 
CLOSING DATE FOR APPLIC; 
TIONS November 6, 1978. 7964A) 


UNIVERSITY OF 
HONG KONG 


“DEPARTMENT OF 
ANATOMY 


LECTURESHIPS/ ASSISTAN? 
LECTURESHIPS IN 


ANATOMY 


Following the oetablihment of 
Dental School applications are invite 
for immediate appoimtments to U 
two posts of Locturer/Assma 
Lecturer in Anatomy pplcan 
shouki be erther medai, dental - 
science graduates with teaching c 
perionce in tbe subect Preferepe 
will be grven to those with experiar 
m our ihi dental students. Tr 
appormtments alao carry foiltt: 
for teaching preclin roedic 
students. The appointees will P 
expected to ongage im research work 


Annual salarios (aperannoab™ 


salary will depend on qualificatio 
and experience A medtcall Tae 
appointees who has comp! aft i 
regustration year will be appoin 
a Lecturer at tho minimum polst 
the scale 

Further particulars and ipon 

be obtained from t 


forms may 
Association of Commonwealth Unte 
sities (Appts), 36 Gordon 
London CIH OPF, or the 
Secretary (Recrurtment), Untversity 
Hong Kong, Hong 

Closing dato for applications 
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WINTHROP STERLING-WI/y 





oNG-WINTHROP STERLING 5 
uy) Y 
ha es 
tp © 

i U 
à Chemistry Laboratory Manager J 
2 We are currently seeking s manager for the The successful candidate will probably be aged T 
I Chemistry Department of our Research and 27—32, and have some specific experiance of the pE 
pe Development Division, and are looking for an work carried out in this Department together with S 
< enthusiastic individual to co-ordinate anddevelop several years experience of practical Organic > 
<= current activities. rs Chemistry An interest in some of the analytical G) 

i The Chemistry Department plays en important aspects of Organic Chemistry is also essential { 
(5 role in the activities of a Group with wide If you would like to find out more about the => 
Z International commitments It's functions include the position, please contact > 
-j synthesis of novel organic compounds with potential Colin Davison, ad 
aa pharmaceutical application, the synthesis of Sterling Winthrop Research & Development, As 
UJ compounds for analytical, reference, patent or Edgefield Avenue, Fawdon, AJ 
DB metabolic purposes, including radio chemicals, a Newcastle upon Tyne, NE3 3TT O 

complete analytical service for the analysis and Te! Newcastle 863931 Extn 19 U 
charactensation of compounds produced within the 796H A) 
ee ee Sterling-Winthrop © 
ps the registration of new pharmaceuticals Reese eye cement < 

G QY 


UNIVERSITY OF 


NEWCASTLE UPON TYNE 
DEPARTMENT OF APPLIED 
MATHEMATICS 
Applications are invited for a 


POSTDOCTORAL 


RESEARCH ASSOCIATE 


o carry out research in the FLUID 
IYNAMICS of superfluid flow under 

he direction of Professor P H 
Roberts of the above Department and 
“Or R N Hills of Heriot-Watt Univer- 
aty, Edinburgh The post mw tenable 
ip to two years and will commence 
4% 8000 as possible, 

Starting salary will be on national 
alary scale not exceeding £4,133 per 
«onum according to age, qualificatron 
i oexrperience, plus uss contri- 
nitions 

Further partrculars can be obtained 
¢om Professor P H Roberts, Depan- 
nent of Applied Mathematics, The 
Jniveraity, Newcastle upon Tyne, 
NEI 7RU with whom applrations 
“wo copies) together with names of 
hree referees, should be lodged not 
uer than threes weeks after publica- 
400 TSS9(A) 


PLYMOUTH \ 
POLYTECHNIC 


School of 
Environmental Sciences 


L II ENVIRONMENTAL 
GEOLOGY 


Salary range’ £4,101 to £6,558 


For integrated foundation year 
of Environmental Science honours 
— courte and other Pi tiie 

, Economie or Applied Geo 

ES or interest in integre- 
tion of Earth Sciences with other 
disciplines preferred 

Application forms to be returned 
by Friday, November 17, 1978, can 
be obtained with further particulars 
from the 


NG-WINTHROP STERLING-WINTHROP STERLING-WINTHROP STE 


QUEEN MARY COLLEGE 


University of London 
Applications are invited for the post of 


MOLECULAR GENETICIST 


to undertake research on the genetic 
manipulation of yeast with special 
reference to transformation studies 
Applicants shoukd have research expert 
ence in Microbial Genetics and/or 
Molecular Biology 

The a intment uw sponsored by a 
major ifdustmal organisation and the 
sclected candxflate will be on the 
permanent Bp bal of the Company 
concerned Following a 2—3-year period 
of research at Queen M College, 
the successful candxiate will be trans- 
ferred to the Company’s own research 
laboratories 

A competitive salary and non- 
contributory pension rights in accord- 
ance with the Company's own caie 
will be offered to the successful can- 
didate Further details will be given 
al interview 

Applications shouid be made by 
October 27 to Profesor E A Bevan, 


(N) Professor of Genetics. oon Mary 
College, Mile End R . London 
Ei 4N3 T963(A) 


THE QUEEN'S COLLEGE 
GLASGOW 


LECTURER 


with good honours degree in Nutrition 
or Dietetics or a related scienco and 
eligible for State Repstration in 
Dietetics to teach Applied Nutntion 
aod Diet Therapy at and 
Diploma level 

Thu w & new appointmen 

Salary range £4,056 to tT, 167 (bar) 
to £7,698 per annum (Full credit will 
be given for all relevant experience 
when calculating placement on this 
scale ) 

A senior appointment may be avail- 
able for an exceptional candrdate 
Salary range £7,155 to £7,962 (bar 
to £9,042 per annum 

Por a member of naf without 
teaching experience teachor traming 
opportunity woukl be available 

Assistance with removal pxpenses 

Further dotails and forms of applica- 
tion may be obtained from The 
Principal, 1 Park Drtve, Glasgow G3 
SLP to whom completed forms shoukd 
be returned not later than Mondsy 
October 30, 1978, T3ISALA} 


MEDICAL RESEARCH COUNCIL 


RADIOBIOLOGY UNIT 


RESEARCH APPOINTMENTS 


Applications are invited for a 
SPECIAL APPOINTMENT 
and also appointments in other 
SCIENTIFIC GRADES 


to study effects of ionising radiations on tissues, 
especially carcinogenesis from radioactive materials in 
animals. 


Applicants should be well qualified in biological 
sciences, medicine or vetennary medicine and for the 
more senior posts have several years postgraduate 
experience. For at least one appointment experience 


in histopathology will be an advantage. Qualities of 
leadership and high academic standing are required for 
the Special Appointment which is the equivalent of 
University Professor. 


Work at the Unit covers a wide range of scientific 
interests in relation to protection against ionising 
radiations and radiotherapy. 


Salary in accordance with age and experience on 
M.R.C. Scales (as at October 1, 1978, with negotiations 
in progress). 

Special 
Appointment 
£3,883 £6,317 £7,506 £9,443 
£6,080 £7,754 £9,263 £12,247 


Enquiries or applications with curriculum vitae and 
names of two referees to Dr J. Vennart, Director, 
M.R.C. Radiobiology Unit, Harwell, Didcot, Oxon 
OX11 ORD by November 3: 1978. 7T896(A) 


Grade IT Grade I Senior 































Current salary range - 


by Friday, 15th November, 1978 


ROYAL MARSDEN 
HOSPITAL 


DOWNS ROAD, 
SUTTON, ‘SURREY 


cins De A mur have 
an a, in deve new toch- 
Salary ing Int 
start po within 
according to i 


experience. 
Application forms and descrip- 
tlon from Personnel D, 
Royal Marden Hospital, Pulham 
Road, London SW3 (Tel: 01-352 8171, 
Ext. 446). Closing date Ootober 23, 
1978, TOKA) 





with cell surface rocoptors in yosst. 
in chemmtry and/ 
or an advantage. The 


years. Initial salary $12,100 per 
annum, 

Applications and letters of 
fon shoald be sent to 
Dr H. , De of Bio 
logy, McGill Unrversity, 1205 Mo- 
Avenue, Mont 4 i 

Canada H3A 1B1. j 


CAPRICORNIA INSTITUTE OF ADVANCED EDUCATION — 
ROCKHAMPTON QUEENSLAND AUSTRALIA 


Department of Biology 


Applications are invited for the position of: 


Senior lecturer/ 
lecturer in Biology 


Applicants should have at least a good Honours degree 
preferably tn one of the following fields—microbiology. plant 
physiology, mycology Sultably qualrfied applicants in other 
biological disciplines wil! be considered 


industnal and/or taaching expenence and a higher degree 
would be an advantage for appointment as Lectureranda 
requirement for appointment as Senior Lecturer. 


The successful applicant would be expected to contribute 
to undergraduate teaching at the degree and associate diploma 
levels A significant component of the duties would involve external 
students and applicants should have a definite interest in this field 


Further details are available from Dr B. Rothwell, Head, 
Department of Biology (Telax AA491 76). 


Appointment may be made by means of two or threes year 
contracts or on permanent terme. 


Lecturer $13.083 to $19,940 per annum 
Senior Lecturer $20,386 to $23,737 per annum 


Applicantsin U K or Europe may obtain further information 
from and make application through the Agent General for 
Queensland, Queensland House, 392 Strand, London WC2R O12 


Applications other than from the U K. or Europe should be 
addressed to the Ragistrar,. CLA E.M S 76, Rockhampton. 
Qid 4700, Australia by Friday, 16th November, 1978. 


‘Manchester M20 SLR. Closing 


7912(A) 


and genera! laborato Twain tenance. 
Some knowledge: of ronics W an 
advantage. 


(or equivalent qualifications) 
te subjects and have had 
at least six yours’ relevant laboratory 


The appui should posecss H.N.D. 
o H.N 
a 


Manchoster, est Didsbury, 


for applications: Friday, 
1978. 





enos of l techniques and 
laborat ats ical in ton to 
such studies, but those with more 


to £3,345 per annum foclnulve. Four 
woe annual hol ribut 
n scheme Apply in writing wit 
ull detefls to: The Hoad , Rof 
204012/N, Kingad College London, 
Strand TSIM A) 
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INVERESK RESEARCH 
INTERNATIONAL 


CYTOGENETICS 


The Division of Reproductive Toxicology at Inveresk 
Research International is undertaking a phase of major 
expansion, with emphasis on dominant lethal, sperm 
abnormality and mutagenic assessment. Significant career 
opportunities exist for the following staff with qualifi- 
cations and/or experience in relevant areas: 


Senior Cytogeneticist: To head up the activity and 
provide scientific and management input (ref. 2612). 


Assistant Cytogeneticists (3): To assist mammalian cells 
treated in vivo and in vitro for chromosomal damage ` 


(ref. 2613). 


Mammalian Mutation Studies Assistants (2): To perform 
dominant lethal and sperm abnormality studies in rodents 


(ref. 2614). 


IRI is located on the outskirts of Edinburgh within easy 
reach of the city and the surrounding countryside. The 
above posts carry a wide range of staff benefit schemes 
and relocation assistance is provided if required. Appli- 
cation: forms, quoting the appropriate reference, are 
available from Miss J. M. Dunbar, Inveresk Research 
International, Inveresk Gate, Musselburgh EH21 7UB 


7943(A) 





UNIVERSITY OF 
THE WITWATERSRAND, 
JOHANNESBURG 
DEPARTMENT OF GEOLOGY 
LECTURESHIP/SENIOR 
LECTURESHIP IN GEOLOGY 
Applicants should have substantial 
field and rosearch experience, with 
pp re petrogenetic 
as ‘partxculearly as apple to 
terrains Althou it is 
not R prerequisite for appointment, ff 


R7,775 to R10,600 
Senior Lecturer, R9,770 
per annum (C£iwRI 70 


policy is not to 


tment of 
staf or the sejection students on 


the grounds of sex, race, religion or 
oolour 
relating to thi 


tainable 

sentative, University of Wiwatoersrand, 
Chichester Hones, 2778 High Holborn. 
London WCIV THE, or from the 


` Regrstrar, University of the Witwaters 


rand, Jan Smuts Avenue, Johannes- 
burg, South Africa, with whom 
applications (together with the names 

three referees) shouk! be lod by 
October 23, 1978. 


UNIVERSITY OF 
TASMANIA 
LECTURESHIP/SENIOR 
LECTURESHIP IN 


PATHOLOGY 


Applications are Invited for tl 
Within the followin 


$ 


he will given an appropri 
a intment. 
tending applicants are invited 
write to or .- À pon 
ment Patho r 
Dariy, for any f inforno 
tion may requ 
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Clinical Trials 
Scientist 


Astra Chemicals Limited is the U.K submdiary of 

Scandinavia’s largest pharmaceutical group which specialises 
in the research, manufacture and marketing of cardiovascular 
agents, bronchodilators, psychotropics and local anaesthetics. 


ton of our plans to extend our clinical trials operation 
in the UK we are now looking for a Clinical Tnals Scientist 
to join our team at Astra's new offices in St Albans. 


The objective of this function is to effectively demgn, 
monitor and report on clinical tnals in support of Astra’s 
pulmonary products. Full product training will be given 
both locally and in Sweden and the position involves travel 
mainly within the U.K and occasionally overseas 


Candidates, aged 28 to 35, should be graduates in biological 
sciences or in pharmacy (preferably to doctorate level} with 
previous experience in the pharmaceutical industry. 


An attractive salary will be negotiated plus choice of 
company car and other company benefits 


For further details telephone: (031) 225 2251 Letters of 
application together with C.V. should be addressed to: 
Astra Clinical Research Unit, 65 Queen Street, 

Edinburgh EH2 4NA. T934(A)} 


ASTRI 


CLINICAL RESEARCH UNIT 
MERSEY REGIONAL CENTRE FOR RADIOTHERAPY AND ONCOLOGY 


Clatterbndge Hospital, Wirral, Merseyside, L63 4JY 


RESEARCH FELLOW 
(MEDICAL STATISTICIAN) 


required to undertake tbe satınal work in a multi-duscipHnary evaluation of 
previous, current and future metbods of treatment for the malignant 

of man The Clinwal Research Unit has been built recently to accommodate the 
Research Fellow and associate staff 


The person appointed will be responsible for orgmnimog the work of this new 
Unit, which will include analysia of the 260,000 records accumulated in the 
Regiona! Cancer Rogistry serviced by a computer-based sysiem the design and 
monitoring of clinica! trials concerned with malignant disemse, and the production 
of authoritative reports on tbe results of the management of malignant disease 
within the Region He/she will be encourmged to conduct his/her own research 
and develop the existing computer-based data processing system. 

Candidates should bold a Arm or higher d in statistics 
Medicine or sciences and have connderable ARE ena coos a ices 
of medical statotics and epidemiology is desirable. There will be facilities for 
aperte genta for 7 eer ar If suitably qualified, n ts honed thar the 
ruccessf e Wi op the liaison 
of Medicine, University of iverpel. aaa aes aaa 


The salary will be in the range of £4,421! to £5,326 and the appointment us 
Ista ce 








for 12 months in the first i 


Further {information can be obtained from: The Clinical Research Unit at the 
address above Application forms must bo returned within two weeks of the 
publication of this notie TOAGA) 


EEG PHARMACEUTICAL COMPANY 


seeks 


DIRECTOR OF RESEARCH 


The successful candidate will report directly to the 
Managing Director and should have particular 
capabilities in: 
— Creativity and initiative substantial experience in 
pharmaceutical research. 
— Strong background in pharmacology. 
— The company is medium sized, located in Paris and 
d is already actively engaged in international 
| development and licensing. 
— Its research facilities employ approximately 100 
people. 


— Nationality indifferent, fluent English and French 
essential. 


Please write to: SODECI, 140 Rue de | ix Ni 
75015 Paris (France). ee a a 














Centro Internacional 


de Agricultura Tropical 
CIAT Senior Staff Positions 


The Centro Internacional de Agricultura Tropical is a nonprofit 
organisation devoted to agricultural development In the lowland 
tropics and is one of ten international centres supported by the 
Consultative Group for International Agricultural Research 
The positions are’ 


Forages Explorer (Location: Cali, Colombia headquarters). This 
position Js responsible for collecting grass and legume forage 
ecotypes from acid soil regions of the humid tropics as the main 
source of germplasm for CIAT's Beef Program; organising and 
conducting expeditions In cooperation with national institutions; 
processing, multiplying and maintalning a computerised inventory 
of forage germplasm. D ital ifieacions: PhD or equivalent In forages 
or allied disciplines, competence In plant taxonomy, genetics, 
soils and climate; willingness to do axtensive travel In remote areas 
and interest in collecting for developing improved tropical pastures; 
and ability to work with other scientists In an interdisciplinary, 
multi-national team. 


Animal Scientist (Location: Carimagua Station, Eastern Plains of 
Colombia), This positron is responsible for research at the herd 
javel to develop and transfer improved beef production technologies 
based on Improved forages in the savannahs of tropical Ameria; 
for supervising regional studies on actual beef production systems, 
and for managing a 2500-head experimental herd. Qualifications: 
Incernational-leval animal scientist with PhD or equivalent with 
competence In both theoretical and practical knowledge of beef 
production systems In the tropics. Ability and willingness to work 
as a member of an interdisciplinary, multi-national team aimed at 
increasing beef production in acid soll regions of tropical America 
primartly through Improved forage production. Must be willing to 
live In a rural experimental station. 


Coordinator, Special Studies (Location: Call, Colombla head- 
quarters). This position requires an agricultural scientist with 
agronomic orientation. Responsibilities would include: 


|. Supervision of research activities conducted by temporary 
staff (postdoctorals, visiting sclencists) in the areas falling 
outside or across CIAT’s commodity programmes, such as 


—characterisation of land systems and climatological data 
for selected regions, 


—eyvaluation of improved cultivars of food crops and soll- 
conserving species which may play a role in improving 
productivity and resource conservation in small scale 
farming systems, 

—cross-commodity research In specialisad disciplines 
(such as nematology, biochemical physiology, weed 
science, microbiology and others). 


2 Conduct research tn one or more of areas described above. 
Qualifications PhD or equivalent in crop ecology, plant physiology, 
climatology, general agronomy or soll science and manageral 
experience and/or interest 


Coordinator, Data Services (Location: Cali, Colombia head- 
quarters). Responsibilities include management of the Center's 
computer facillties and statistical services for research programmes, 
and supervision of six professionals plus clerical assistants. Com- 
putational equipment includes an in-house IBM 34 (64K) and tele 
phonic access to an IBM 370/145 (VSI, 1024K). Activities will in- 
volve consultation on statistical design, development and inter- 
pretation, and developmentjadaptation of software in support of 
research activities. Communieation at CIAT ts in both Spanish and 
English. Qualifications: PhD or equivalent in biometrics or statistics 
with experience in agricultural science (or vice-versa) plus ex- 
perlence in operating and managing computers. He should be 
adept In the commonly used experimental designs, multi-variate 
analysis and mathematical programming tnduding maximisation 
and simulation modelling. 


Interested applicants should write to Dr K. O. Rachle, Associate 
Director General for Research; CIAT; Apartado Aereo 67-13; Call, 
Colombia. 7967(A) 
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agricultural community. 


THE ANIMAL VIRUS 


RESEARCH INSTITUTE 
PIRBRIGHT, WOKING, SURREY 


a sectfon on problems jae aes A to e 
development of 
characterisation of antigens such ae 
the essential bonmunsming component of 
different virus strains can be moesured 
with precuson, which could lead to 
reliable in-vitro estimates of potency 
Ths tops n of fundamental import- 
anoe and one of the growth points in 
virus research 


Appointment wil] be wo the P.S O. 


grade (£6,609 to £8,461), hous avail- 

able for married applicant 
iculars and 

rom Secretary. 





BIOLOGICAL SCIENCES, 


SYNTEX RESEARCH 
Immediately to poy, the 


structure to renal 
hypertensive effects and to 

oe iii to creen diurete 

nd in renal 

a Evaicices sont 


of prostagland 
antihypertensive drugs desirable Àp- 
pointment sm for one or Ph Webs 
Good benefits p 

pioneer in the flekd ere iat 
and medicine, wm an internat 
pharmaceutical company whose con- 
tinued growth requires a staff increase 
For the highly motivated person thm 
is an wieal opportunity for nal 
growth and advancement. résumé 
and names of three references to Dr 
John J. Bruno, Iets of Da i 
Scsences, Syntex Research, - 
view Avenue, Palo Alto, Ca 4304 
Syntex b an 

employer m/f/b. (A) 


THE UNIVERSITY OF MANITOBA 


invites applications and nominations for the position of 


DEAN OF THE FACULTY OF AGRICULTURE 


The Faculty of Agriculture at the University of Manitoba has a complement of 
99 faculty and 150 support staff. It consists of «x units, the Departments of Agricultural 
Engineering, Agricultural Economics, Animal Science, Food Science, Plant Science 
and Soil Science and the School of Agriculture responsible for approximately 774 
undergraduate degree and diploma students and 206 graduate students in M.Sc. and 
Ph-D. programmes. The Faculty carries a full range of teaching and research responsi- 
bilities and extensive liaison activities with organisations and individuais in the 


Candidates should have qualifications appropriate for appointment to a senior 
academic position and strong leadership ability. Demonstrated knowledge of and prefer- 
ably experience in Canadian Agriculture will be an important consideration. Relevant 
administrative experience would be an asset. 


The appointment is expected to commence September 1, 
renewable term of normally five to seven years. 


Please address enquiries and recommendations to: 


Provost R. A. Johnson, Chairman, 

Selection Committee for Dean of Agriculture, 

Room 202, Administrative Buliding, 

University of Manitoba, 

Winnipeg, Manitoba, - i 

Canada R3T 2N2. 
Applications will be received until December 18, 1978. 


OF PHARMACOLOGY 
Applicatsons invited for the 
bovo Chair and Heedship of 


Pharmacology. 
TSW ter E atiped 
& for Heading of 


£10,939 pius 
was {id copes) marked 


DERBY CITY HOSPITAL 
UTTOXETER ROAD, DERBY 
SCIENTIFIC OFFICER 
ions are invited for the 

Derby 


echnigues involved would inclode 
lymphocyte culture, sub-typing and 


cell freezing. 

Candidates shouid pomces 
degree or equivalent in a zE A 
scicncs 


Salary scale £2,991 to £4,275 
dependant 


For further 

the post those Interested shoukl 

ra pate ago J. Clark, Scientifico 
Officer, Laboratory 

(Derby 033 131, extenmon 

329). 


forms 





? 


1979 and is for a 


Freshwater 
Biological Association 
RESEARCH ASSISTANT 


at ʻA’ level (or rvalent) 
speciaiming in science, or a doegres 
ecology, or tal 


atts 3 2 £3,303 (max), SÒ £2,835 


to £4,415 (max.). 


Further details and application form 
from , Freshwater Biological 
Ferry House, Amble- 
side, Cumbria LA22 OLP. Telephone 
Windermere (096 62) 2468 
date: November 10, 1978. 7968(A) 





UNIVERSITY OF 


NEWCASTLE UPON TYNE 


LECTURER 
IN AGRICULTURAL AND 


ENVIRONMENTAL SCIENCE 


AppLloations are invited for appomt- 
ment to a newly established Lecturv- 


Farther 
from the Registrar, The Unuiverstty, 
Newoastic upoo Tyne, NEI 7RU, 


with whom (3 copies), 
together with names am! ackdresecs 
of three referees, should 


£8,428 by £311 to £9,983, 
Grade I £6,848 by £257 to £7 
Bart eer o dan” A 
to ’ 
Permanent Pens 


port of offects. Assistance with ag 
for persons recruited | 
outads Rhod 


and’ publica 
Se op Ry 


of three referees should be semt tc 
Sensor Asmani Registrar © 
University of » P.O 

MP 167, Monnt Pleasant, Salis? 


their neareet Brit 





preferably have had same 
teaching or research 
perience in solsd-carth ysics 
appointee will be expect to dev 
8 programme of tearc 
research within the Departme: 
It 13 that 

wili oontnbute a course 


students at secontyear level 
optional course on applied geoph 
at third-year lovel, and an opt 


special reed 
It. = that the work of 
intee will be fully mtegrated 
the existing programme of the De 


SCALES:— Leo 

















UNIVERSITY OF 
AUCKLAND 
New Zealand 

Applications are invited for the 
following full-time teaching positions. 
Conditions of Appointment — and 
Method of Application are available 
from. the Association of Common- 
wealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF. Applica- 
tions, in accordance with "Method of 
Application’ will be accepted at any 
time up to the closing dates stated, 

At: present all salaries are supple- 
mented by a General Wage Order of 
NZ$365 per annum. For Lectureships, 
commencing salaries will be deter- 
mined in accordance with qualifica- 
tions and experience within the scale 
NZ$1'1,529 per annum rising to 






pect “in di 
status of a 





. The position is one of two estab- 
“lished Chairs in the Department of 
Geography. The vacancy arises because 
isaf the. retirement of Professor K. B. 
“ Cumberland on May 31, 1978. The 
other Chair is held by Professor Paul 
Williams, who is at present Head of 
Department. Besides being experienced 
in University teaching, applicants 
should be active in research and have 
a substantial record of research publi- 
cations. Candidates suitably qualified 
in any branch of Human Geography 
“will be considered. At present pro- 
fessorial salaries are established within 
the range NZ$22,647 to NZ$28,823 per 
_annum, having regard to the qualifica- 
“tions. of the candidates concerned. 
GEOGRAPHY 
Lectureship 
November 14, 1978 
ould have qualifications 
of Economie Geo- 







graduate and graduate levels. 
ae eo 7920(A) 





THE BRITISH COUNCIL 
invites applications for the following 
. post: 

SENIOR LECTURER 


IN PLANT GENETICS 
(Sri Lanka) 


niversity of Sri Lanka, Jafna Campus 
- Candidates should hold a PhD., 
preferably in Plant Genetics and have 
vat least 5 years teaching experience. 
W@referred age range: 30 plus. 

,, Salary: £5,681 to £7,707 p.a. Bene- 
itso Personal allowance, free furnished 
maccommodation and other benefits. 
Two-year Formula contract. 

< Return fares are paid. Local con- 
eracts are guaranteed by the British 
Council. 

Please, write briefly stating qualifica- 
Stons and length of appropriate experi- 
nce, quoting reference number 
78 PU 102 and title of post, for further 
Aetails and application form to The 
eo Council, 65 Davies Street, 
Rondon WIY ZAA. T96Q{A)} 


_ Junior Laboratory Scientific Officer 
‘equired “in. Department of Microbio- 
wey. Some experience. of cell culture 
and virology preferable. Salary accord- 
ing to age and qualifications. Apply 
m writing, stating. age and giving 
etails of qualifications and experi- 
mce, to the Secretary, Guy's Hospital 
Medical School, London Bridge SE! 
RT, quoting Ref. M.C.4. 

TEIMA} 
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to work on an A.R.C. funded pro- 


Applications are invited from recent chemistry graduates: 
the following two vacancies in our Confectionery Fats Section. 
Research Assistant (Ref: CH-480A) 

Tasks: 

To assist a Scientist in a number of projects m the E 
confectionery fats field involving chemical techniques, blen 
formulation, computer modelling and general computations. The 

job also covers the field of product formulation and assessment, 

Applicants for this post should preferably be experienced in 
the use of computers. 
| 





Research Assistant (Ref: 481A) 
Tasks: 

To determine the basic physical chemistry of confectionery 
fats using techniques such as X-ray Diffraction and Thermal 
Analysis. The complex interaction of different fats with one 
another will be studied and evaluated to determine their suitability 
for use in the confectionery industry. 


Colworth Laboratory 


Colworth Laboratory is a large, modern, very 
comprehensively equipped Food R & D Centre servicing 
Unilever Companies in the UK (Batchelors, Birds-Eye, Wails) 
and abroad. It is situated in a pleasant country estate ten miles 
north of Bedford. Salaries and fringe benefits are at a level 
expected of a large international company and inchides assistance 
with moving expenses where appropriate. 
Please write quoting reference number and giving details of 
career history to: 
Miss J. Kenny, 
Personnel Officer, 
Unilever Research, = 
Colworth Laboratory, — 
Colworth House, 
SHARNBROOK, 
Bedford MK44 1LQ. 


UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF 
VETERINARY ANATOMY 
RESEARCH ASSOCIATE 
(Re-advertisement} 
Applications are invited for the 


post of Research Associate in the 
Department of Veterinary Anatomy 







DEPARTMENT OF EDUCATION 
FURTHER EDUCATION 


Applications are invited for the undernoted post at Glasgow College of 
Technology, Cowcaddens Road, Glasgow G4 CBA. 


LECTURERS ‘A’ in BIOCHEMISTR) 


Honours Degree in relevant subject(s}, preferably with postgraduate 
qualification, to contribute to the general reaching commitment of the 
Department including B.Sc. Applied Biology ieith Honours) and B.A. 
Nursing Studies, 

Salary scale; Lecturer ‘A’ £4,029 to £7,116 Bar £7,438, Placing on 
the salary scale will be for relevant experience. 

Forms of application and further particulars can be obtained from the 
College to whom conipleted application forms should be returned net leter 
than October 27, 1978. 00 o 


EDWARD MILLER, Director of Education. 
7961(A) 







ject on prenatal muscle develap- 
ment in the pig. 

The project is for three years 
starting on December 1, 1978, or 
shortly thereafter. Applicants 
should be graduates in Veterinary 
Medicine, Zoology, Agriculture or 
a related subject. 

The successful applicant will 
have the opportunity to register 
for a higher degree. 

Applications, before November 
3, i978, together with a curriculum 
vitae and the names of two 
referees, should be sent to Dr 
N., C. Stickland, Department of 
Veterinary Anatomy, Royal (Dick) 
School of Veterinary Studies. 
Edinburgh EH? I1QH, from whom 
further particulars may be 
obtained. Please quote Reference 
$049, I94ICA) 
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Lecturer— 


Senior Lecturer in 
Physical Anthropology 


(Salary £4,101—(bar)—£7,572 


Applications are Invited from those with suitable qualifications 
to teach Human Ethology, Primatology and Primate 

Ethology at Honours degree level. Teaching experence and 
publications in Anthropology and Primate Ethology are 
preferable. 


Lecturer— 
Senior Lecturer in 
Experimental Psychology 


(Salary £4101—(bar)—£7,572 ` 


Candidates for this appointment should be competent to 

teach Expermmeontal Prychology to Honours degree level, 
specialising In the areas of Learning and Physiological 
‘Psychology. Candidates should have teaching interests in 
other areas and be ready to teach on introductory courses and 
to supervise final year projects. Experience in on-line control 
of experiments and data processing ls desirable. 


Applications, including a curriculum vitae, and the names and 
addremecs of three referees, should be sent to the Head of 
Department of Social Studies, Oxford Polytechuic, Oxford. 
OX3 OBP, from whom further details and application forms 
may be obtained. ` T955(A) 


Research | 
Pharmacologist 


Pharmacology 
Department 


Roche Products Limited is part of a major international 
pharmaceutical company based in Switzerland and Is 
itself one of the leaders In the industry in the United 
Kingdom. 


Applications are Invited for a post of Research Pharma- 
cologistin our anti-thrombosis group. The Pharmacology 
Department is responsible for carrying out research and ` 
screening work aimed at the development of new drugs 
as part of the programme of Inter-disciplinary groups. 


The work Involves routine experimentation and screen- 
ing and would sult someone who has recently obtained 
a first degree in Pharmacology or who has a year or $0 
of relevant Industral expanence. i 


Our Pharmacology Depaitment is located In modern 
laboratories in Welwyn Garden City where the working 
conditions and facilities are excellent. Conditions of 
Service include a Christmas Award, 4 weeks’ annual 
holiday, pansion fund membership, frea BUPA member-. 
ship and subsidised restaurant. In appropnate cases 
assistance will be given towards relocation. 


if you would like to apply for thls post, please’ write 
briefly or telephone for an application form (Welwyn 
Garden 28128) to Mrs Clawley, Research Personnel 
Department, quoting reference RD33. Roche Products 
Limited, P.O. Box 8, Welwyn ‘Garden City, Herts. AL7 
SAY. 





TIKA) POSTDOCTORAL FELLOW 


UNIVERSITY OF ALBERTA 
Applicahons are mvited from recent 
Ph.D.’s for the position of Postdoctoral 
Fellow affective April 1, 1979 Appi- 
canta should have a strong beckground 
UNIVERSITY OF EDINBURGH | viet arse snl Ga niet i coe 
Applications are invited for i ; 
the post of 

RESEARCH FELLOW 

in a st of human breast thaue, 


UNIVERSITY OF 
LIVERPOOL 
Applications are mvited for 
THREE POSTS OF 
POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT 


. tenable for a period up to thr 


,600 for the fim | OSS 
for the second year. | (a) To join a group working on ple 





ST. BARTHOLOMEW’S 
HOSPITAL 


enxymes. 
year and $12, 


one =e agg rebated Send «a curriculum vitas and three applice 

Pecos ves Sie aA eal London EC1A 7BE litters of reference to Dr R -N will study the mechanisms of tl 

ictnet A sonia McElhancy Department of B> sterol side chain mothylation res 

Ph Dor ae arpi Salary care | z ; chemistry, p Alberta, tions using plant time culture ai 

SCIENTIFIC OFFICER Edmonton, Alberta, T6G ?H7 cell-free preparations, 

Range eS e Appo aea, will TOKA) Appointments (2) and (3) are 

date November 2, 1978. : a join a group on 
Applications, ant | | UB uired to join the steroidal ee monlting hormon 

of three referees should be D.HSS. Toxicology Unit. (sodyat eroids) insects «x 

sent to Dr T J. Anderson : A 

mont of Pathology, — Unrvermt a ie Geile UNIVERSITY COLLEGE | At, ORGANIC. CHEMIST BI 

Edinbu Mod School, oviot CHEMIST ts o Investig» 


burgh EH8 9AQ. Please 


quote Reference 5057 TOLSLA) 


ROYAL FREE HOSPITAL 
MEDICAL LABORATORY 


pation 
Renal Unit Applicants should be 


experienced 
Immunology 


in Biochemistry and 


on ale «£3,615 per, 


Salary 
annum to £5,034 per annum inc 
Application Torms. ee Po 
Department, R roe : 
Fond Street, “Fam petead O NW3. 
Tel. 794 0500, ext. 4286 

Closing date October 20, 1978 


TESKA) 





paroni a eae ge 


chemicals in food, cosmetics 


and other consumer products 
in the environment. 


Applicants should hold a 
degree in one of the biological 
sciences and preferably have 
some relevant experience. 


Salary according to expert 
ence 345 to £5,253 in 
clusive. 

Application forms and job 
description from Personnel 

ment, telephone 01-600 
, ext. 3186, quoting Ref. 
PTA /182. 
TISA) 





LONDON 
DEPARTMENT OF ’ 
GENETICS AND BIOMETRY 


polymorphiams, blood groups and 
chromosomes markers, and «a panari 
of biochemistry and 


statistics would be desir- 


moraments have a 

good H and tt will be 

possible to register for a higher dogres. 
PP , 


(c) A BIOCHEMIST/PHYSIOLOGL 
pe request: TE Rata Do y 
nature and metabo of eco 
steroids in nematodes. 


The appointments are tenable frc 
a date to be arranged at an int 


Nature Vol. 275 12 October 1978 


SCIENTIFIC SERVICES - 





TIDAL WATERS 


The Tidal Waters Secnon of che EEEN A E EN EAEE Weel EE in the ræeasmant of cosets! pollution resulting from the dæcharge 
of domeetc and industrial waste around the Welsh Coastline and in the evaluation of remedba! measures where necessary. 


1 


Kanone ital eataa Wont ci pa an eh eis 


SCIENTIFIC OFFICER 


(MARINE OUTFALLS) 
Grade 6 (£5133-45493) or Grade 7 (£5602-£6084) Inciuding supplement 
(REFERENCE 192) 

Within the Tidal Waters section rs a survey team responmble for Out 
detailed byd Ic, chemical, and bhological su oe eee 
of these remadia! measures. The team requires an Ofcar 
organvetion and implementaton of che scennfic aspects 
Graphie avai or thu avileadion ol daa ae cbained: and for the 
scientific reports clearly outlining the results of the surveys 
gvulable for sewage disposal. 


the opnons 


The successful appiicanc will have a higher degree or re In physical oceano- 
y (or other relevant dwdpline) with considerable experiance of coast! 
cibhie survey techniques and computer omentared evaluation of survey datz 
Experience of mathemaoca!l modelimg of comecel crculanon and daperson would 
be advantageous 


-TECHNICAL ADMINISTRATION 
ASSISTANT 


= (TIDAL WATERS) 
Grede 3 (£36486-£4036 tncluding supplement) 
a 207A) 
Pie REET T eaves Pe OTE aT ce hae may Peace and 
ceandardination of wl Tidal Warara dara prior to arcnbing in the Authority’s 


Hefshe will also be concerned with the subeequent procesmnog and evaluation 
of collected data. There will also be opportunines for participating in coestal and 
estuarine survey work. 


Applicants should have a degree or vis hbase In Oceanography or other relevant 
pad ate and will have expenence of computer prograramung and deta handling 
niques. 


Both poets are beved at the Authortty’s Headquarters in Brecon, The Scentific Officer's post will involve a considerable amount of travelling in Wales and a Regular User 


Car Allowance will be ped in tha post. 


Both appointments are temporary for sx months in the first instanca, but will be subject to conmderanon for permanency on the forthcoming re-organwation of the Authority 


I 


4 
4 





Further particulars of the post together with application forms, may be obtained from: 


' WELSH WATER AUTHORITY 


ASSISTANT PERSONNEL OPFICER 
WELSH WATER AUTHORITY 
CAMBRIAN WAY 

BRECON POWYS 





IMPERIAL COLLEGE 
TECHNICIAN (GRADE 3) 


equired un «@ research pop working 
«a the cer es 


or one year initially but 


Departmental 
of Bio- 
oogt, London 
W7 or telephone 01-3589 S111, Ext. 
119 for an application form. 
TSIKA) 


EAST BIRMINGHAM 
HEALTH DISTRICT 


EAST BIRMINGHAM 
HOSPITAL 
BIOCHEMIST, 
BASIC GRADE: 
(HAEMATOLOGY 


+ supervise routine biochemscea! in- 
estigations including - abnormal] 
acmoglobios, red coll enryme, and 
xygen d muon curves In add- 
on asmnianco with the current re- 
“arch projects involving erythopoietm 
nd ferritin will be encouraged, Salary 
ange £2,991 to £4,275 depending on 
uah fications. 

Foe further information apply to Dr 
. H B Department of 
laernatology, East Birmingham Hos- 
ital, Birmingham B9 SST Tel. 


21-772 4311 Ext& 4282. 
Rcd pate aay staing details of age 
anid naming two referees 
Mrs G Potts, Asustant H 


dmiomtrator, East Birmingham 
tal, Bordesley Green East, Birming- 
un BS SST. TIS A} 


‘Tequiured for a 


WwW AWDURDOD DWR CYMRU . 


LDI 7HP. 


Closing data for applications: lêth November 1978 t 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF 
. BIOCHEMISTRY 


POSTDOCTORAL 


RESEARCH ASSISTANT 
A Postdoctoral Resoarch Assmtant s 
of up to 14 
montha for an 


salary 
Analogous Staff, £3,883 to £4 per 
annum, according to qual 
ae and exrxpenence. Appropriate 
Superrninuauon Scheme will apply. 
Applications onclosmg a curricalum 
Vitae and the name of two referees 
should be submitted by October 31, 
1978, to Dr J P. Goddard. Department 
of Biochemistry, Unrverarty of 
Glasgow, Glasgow G12 8QQ. 
In reply please quote Ref. No 
425 1M. TIUA} 


UNIYERSITY OF 
_ EDINBURGH 
DEPARTMENT OF 
BACTERIOLOGY 
Postdoctoral Fellow/ 
Research Associate 


required to work on s Cancer 
Resarch Campaign sponsored 
project in tumour immunology. Ex- 


perence in working with tumours 
or in the field of celular immun- 
ology would be desirabie. Salary on 
National Range IA 


Pts c.v. to Dr ao = 
mde Oy rida of ct 
Medical School, Tevrot Place, 
Edinburgh FH8 9AG, Scothand. 

Please ‘quote Reference 5058 
TAKAY 





HERIOT-WATT 


UNIVERSITY 
DEPARTMENT OF 
BREWING AND 
BIOLOGICAL SCIENCES 


RESEARCH ASSOCIATE 


on the Range 
we per 


Application forms and further 
iculars are available from the 
Officer, Heriot-Watt Univer- 
Chambers Street, Edinburgh 
whom completed 


UNIVERSITY OF OXFORD 
DEPARTMENT OF 
HUMAN ANATOMY 


TECHNICIAN GRADE III 


Salary £2,688 to £3,060 p.a. 


A Technician u required to ase 
with histology and hnmunocyto- 
chemistry, preperation of solutlons and 
animals, and maintenance of a labora- 
tory. Work is in connection with brain 
reeceaerch Knowledge of the at 
and stereotaxx techniques wou be 
an advantage The appointment & for 
a fixed term ending July 31, 1981 

Applications should mmie m 
writing without delay together with 
the names and sddressees of two 
referees to The eee Depart- 


Tei: Brecon (0874) 318i. 





UNIVERSITY COLLEGE 


OF NORTH WALES 
BANGOR 


TECHNICIAN 
GRADE 4 
£2,955 to £3,402 per annum 


Apoa on invited for the post 
of Hrszol echosian in the Depart- 
ment of 


The main ditaes will be the 
poe gcse te and sectioning of materal 
Or examination im the lght mero- 


and 
ence, together with the names and 
addreseos of two referees should be 
eent to the Assstant Regstrar (Per- 
sonnel), Unrversity College of North 
Wales, Bangor, edd LLS7 2DG, 
by not later than October 16, 1978 

T9264 A) 


UNIVERSITY OF 
EDINBURGH 
LECTURESHIP IN 


PHYSIOLOGY 


Applicants must have a good 
Honours degree in Phystology and 
at besi 3 years research exper 


ence., Salary £3,883 to £7,754 pe 
Tho post fs avadable from 


annum 


University, Oid College, South 
Bridge, Edmburgh EH8 9YL, with 
whom applications (6 copes) 
including a fall curriculum vitae 
and the names and addresecs of 
three referees should be ee 
not later than October 31, 1978 
Please quote Reference 1074 
TSINA) 





Metabolism 
Chemist 


The Plant Protection Division of ICi wishes to 
recrult someone with post graduate research 
experience In A to lead a team studying 
the metabolism of pesticides. 


Applicants must have experience of the use of 
separative techniques such as gic and hpic, together 


with a sound mass spectrometry background. Ideally, 
we need someone who has worked successfully on 
problems Involved withthe isolation and identification 
of small quantities of sample and who has an 
understanding of the use of labelled isotopes. 


The successful candidate will be innovative and will 
have the ability to motivate and direct a research team. 
It is also necessary to work constructively in a 
multi-disclplinary project team. 


We offer competitive salaries and there is a Company 
Profit Sharing Scheme. Assistance with remova! 
axpenses and house purchase may also be available The 
Research Station is situated on a pleasant farm estate 
between Bracknell and Maidenhead in Berkshire. 


If fe are interested In this vacancy please write or 
telephone for an application form to 


Mr D Spence 
Personnel Officer 


iCi Plant Protection Division 


Jealott’s Hill Research Station 


BRACKNELL RGI2 6EY 
Berkshire 


Telaphone Bracknell 24701 Ext-3350 


UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 
OCEANOGRAPHY 

Applications are invited for the post of 


LECTURER 


m the Department of Oceanography 
from January 1, 1979, or as soon as 
possible thereafter. The person 
eppointed will be expected to teach and 
carry oot research in Marine 


Chemmatry 

The in{tial will be within the 
range £3,883 to £5,367 per annum on 
a scaic rung to £7,754 per annum 

Appleations, together with the 
nimes of three referees, sbould be 
received not later than November 14, 
1978, by The Roegutrar, The Univer- 
sity, PO Box 147, Liverpool, 
L69 3BX, from whom further part:- 


RV/358/N 


BIOCHEMIST—-MOLECULAR 
BIOLOGIST 


The nt of Biologecal 
Schances, rnegte-Mellon University 


invites applications from molecular 
biologusts whose research interests lis 
in the area of nuclew acd structure 
and/or function Candsdat 


portion is at the assistant professor 
evel, although h r appointments 
will be conade Dutwa Include 
teaching at the undergraduate and 
graduate level as well as maintaining 
an active h programme Appli- 
cants thoukd forward their caurmiculam 
vitae, three or moro letters of refer- 
ence and a bnef résumé of research 
plans to Search Committee (D, De- 
partment of Biological Sciences, 
Carnegie-Melion Univernty, 4400 
Fifth Avo, Pittsburgh, PA 15213 
Carnegie-AMellon University i an 
pportuntty/A firmatrve Acton 
Employer TIUMA) 





Plant Protection 
Division 


792A} 


THE UNIVERSITY OF 
MANCHESTER 
RESEARCH ASSISTANT IN 

BIOCHEMICAE “=Y 


MORPHOLOGY 


Applications are invited for this 
post, tenable up to two years, from 
candidat oe a good degree in 
chemistry or biochemistry, and a 
Strong interest {n research, to join a 
team working on the structure and 
function of connective tissuc Salary 
range per annum £3,384 to £4,382 
Applications should be sent as soon as 
possible to Professor J. E Scott. 
Department of Modical Biochemustry, 
Bop Building, Manchester MIJ 
9 TE9AA) 


TECHNICIAN/RESEARCH 


OFFICER 


required by our Human Tumour 
Immunol Group at Untversity 
College ospital edjcal School, 
London , WCI to awut ın the 
Sudying of host defence moch- 
anisms against infection in patients 

















being treated with cytotoxic 
chemotherapy for malignant 
diass > 

HNC or degree with expon- 


ence in immunology and tisuo 
culturo Salary range £3,615 to 
£5,256 

For appixation form telephones 
or write to Mus S M Hurley, 
Impera! Cancer Research Fund. 
Lincoln’s Inn Fields, London WC2 
on 242 0200, ext 305, quoting 
reference 303/78 TRIKA) 








Scsentric Publuhers, NW London, 
require P/A for admin/editoma!l work, 
part or full time Please reply to Box 
No 7906, 3 Dyen Buridings, Holborn 
ECIN INR TIOOCA) 
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THE ZOOLOGICAL SOCIETY OF LONDON 
socks a 
CURATOR OF MAMMALS 


To manage the Society's Collection of Mammals at Regent's to 
advise the Society in regard to mammals exhibited both there at 
Whipenade Park and to collaborate in research carried out in the Soccty’s 


Institute of Zoology. 


Applicants should be professional zoologisis of veterinary surgeons with 
a wide knowledge of mammals, and should be competent to carry out 


research in the field of bio 
bave had management and a 


Salary is related 


in which they have specialised They should 
Inistrative oxperience. 


to the Senior Lecturer/Reader scale 


of London 


University aad will be in the scale £6,792 to £9,264 plus London Allowance 
of £435, with entry point according to qualificatians and experience. 


Pension 


ents are under the Universities Superannuation Scheme 


and the Universities Supplementary Dependants Pension Scheme. Renden- 


tial accommodation may be avatlable. 


Applications should be made in writing, with details of qualifications and 
experience and the names of two referees, to: 


The Seoretary 
Ths Zoological Society of London 


Regent's Park 


London NW! 4RY 
as goon as pomble, and not later than November 30, 1978. 





ANIMAL DISEASES 
RESEARCH ASSOCIATION 


H’S 0./S.0. 


A vacancy will shortly occur in 
the Institute's Physiology Department 
for a person to be responsible for the 
running of a Foctal Studies Unit and 
partscipation in the experimental pro- 


analyses, Previous experience desirable 
but not cesential Applicants should 
have an ordinary degree, HNC. or 
equivalent with exptenence or Hons 
degree in an appropriate subject Five 
years relevant post qualifying experi- 
mired for an appointment 
at HS.O. level Salary Scales—$ O 
£2,839 to £4,415, HSO £&,I0I1 to 
£5,448 with entry according to the 
qualriications and ence of the 
successful applicant on-contributory 
superannuation scheme 

Applications gring the names of 
two refereca shoukd be sont to The 
Secretary, Animal Diseases Rosearch 
Amociation, Moredun Inatitute, 408 
Gilmerton Road, Edinburgh EH? 73H 
from whom further parteculara may 
also be obtained TIRA) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
THE DENTAL SCHOOL 
LECTURER 
IN ORAL ANATOMY 


Appirations are invited from dentai 
or science graduates for the whole- 
time of Lecturer in Oral Anatomy 
tenable from January 1, 1979 The 
successful candidate will be eee 
an 


ment 
located in the recently opened new 
Dental School providing excellent 
modern teaching and research facilities 
ing salary will be according 
to age, qualifications and experience 
on one of the following scales: for 
dental graduates cither Pre-Clinial 
General Grade £5,129 to £7,754 per 
annum or Pre-Clinical Higher Grade: 
£7,268 to £8,257 per annam; for 
science graduates Lecturers’ Non- 
Medical Grade’ £3,883 to £7,754 per 
sanum Membership of the appro- 
prate University superannuation 
sheme wi! be required 
Further particulara may be obtained 
from the Regrstrar, The University, 
Newcastle upon Tyne, NEI 7RU, with 
whom applxations (thtee copies), 
together with the names and addresses 
of three persons to whom reference 
may be made, should be lodged not 
later than November 6, [978 Picase 
quote reference W TI6OCA) 


TIZIA) 


THE UNIYERSITY of Manchester, 
Technician Grade 3. Appbeants should 
be competent in general hbatological 
techniques The post will also provide 
erpenence in oalectron mroscopy, 
histochemustry and  autoradsograp 
Appltcants should have an O.N.C. or 
i: Graal qualification and a 

three yeara’ relevant 
expenmence, 

lary scale eres 


laboratary 
to £3,060 pa. 


Applications m writing, givmg 
details of age, education and quall- 
fications, together with tochnkal ax- 
perwnce and the namee of two 
referees, should be made to Professor 


(scale under re 


P F Harras. Director of the 
Analomical Laboratories Stopford 
Building, Oxford Road, Manchester 


M13 9PT Clomng date Octomr 27, 
1978 T9332 A* 





LIVERPOOL POLYTECHNIC 
DEPARTMENT OF 
CHEMISTR Y/BIOCHEMISTRY 


A RESEARCH 
ASSISTANT /TECHNICIAN 


is ured for a one-year projecit 
funded by the North West Cancer 


Research Fund oentitied ‘Studies os 
the poss{bie carcinogenicity of novel 
steronds obtained from b acids by 


bactenal transformation” a 

The work involves testing possible 
carcinogenic compounds usin 
Ames test, and a test for t Orma- 
tion of mammalian cells ın culture, 

Applicants should have a degree œ 
teçchora! expenence in a Biological 
Science including expenence of Micro- 
biology 

e £2,511 plus £312 pa. 

For further information apply to Di 
R. Bilton or Dr E A Haslem, tei 
051-207 3581 ext 26 

Applieatron forms and == furthe: 
gtldcieany from the Personoel Office 

1verpoo! Polytechnic, Richmon 
House, [| Rumford Place, Lrverpoo 
L3 QRH Tel 051-227 5581 ext. 43, 
Please quote reference LP/231 

TITICA) 


' CENTRO DE 
INVESTIGACIONES Y DE 
ESTUDIOS AVANZADOS 


Mexico City, Mexico 


Two postens exim in the Depart 
ment of Genetics and Molecule 
Biology for Asastant/Astoclate Pro 
fenon working with pro- or eran 
otic microorganisms. Laboratory f 1 
ties are excellent, teaching responar 
bilities minimal, knowledge of Spenn™ 
is not necessary Applicants shouk 
possess a Ph D Send curneulum viart 
names of three references, synopsis w 
research and reprints to Dr Jose Rui 
Herrera. Depto de Genetica Bk 
lopa Molecular, CIE A del IPN 
Apartado Postal 14740, Mexico 14 
DF. T2Bi(A) 
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CONFERENCES 


AWARDS 




















GORDON RESEARCH CONFERENCES 
“Frontiers of Science” 


1979 WINTER SCHEDULE 
Miramar Hotel, Santa Barbara, California 






Awards for 
RESEARCH INTO 
TROPICAL 
RESPIR ATORY 
DISEASES 


The Wellcome Trust wishes to encourage research 
into diseases of the respiratory system, including 
asthma, occurnng In the tropics. A competitive award 
of up to £100,000 ıs offered for a penod of not more 
than frve years. Preference will be given to proposals 
which demonstrate an Interdisciplinary approach and 
especially those which include sustained collabora- 
tion with research centres In the tropics. 


Applications for smaller awards will also be considered 
and grants may algo be made to the runners up. 7hase 
awards are additonal to the Trustees‘ normal 
arrangements for supporting troprcal medical research. 


Those wishing to apply should send a two-page 
summary of their objectives and proposals for research, 
including a brief estimate of the anticipated costs, for 
preliminary consideration. The pnncipal scientist 
should also send a curriculum vitae. 

Applications should be addressed to 

Mr. M. A. F. Barren, The Wellcome Trust, 1 Park 
Square West, London NW1 4LJ, and reach the 
Trust by 8th December 1978. 


The Wellcome Trust 


January 8-12 
Electrochemistry CO2 Fixation by 
Green Plants 
January 15-19 


Polymers 


January 22-26 
Biology of Aging 


Crystal Growth 


Deformation and Failure 
Mechanisms in Polymers 
and Composites 

January 29-February 2 

Hormone Action 


February 5-9 
Chemistry and Physics 
of Isotopes 


Conferenos Fees: 
Conferee (registration, room, meals) 
Guest (room, meals) bts 


Program: 
The complete program will be published In the October 20, 
1878, issue of Science. 


Requests for applicatons or for additional Information should be 
addressed to. 

Dr. Alexander M. Crulckshank, Director 

Gordon Research Conference 

Pastore Chemica! Laboratory 

Untversity of Rhode Island 

Kingston, R! 02881 


Agricultural Science 


$200.00 
$160.00 


7806(C) 





24th OHOLO BIOLOGICAL 
CONFERENCE 
on 
NEUROACTIVE 
COMPOUNDS AND THEIR 
CELL RECEPTORS 
PRELIMINARY 
PROGRAM 
Opening semuon 


ENDOCRINOLOGY '79 


The 7th benmal International 
Conference organined by the 
Endocnne Unit at the Royal Post- 
graduate Medicali School will be 
heid at the Royal College of 
Physicians in London from July 
16-19, 

The 





FOR SALE AND WANTED 
MISCELLANEOUS 


SCANNING ELECTRON MICRO- 
SCOPE for as 1969 Cambrdge ILA 





manufacturers from new In daily use 
attachments Offers to Dr 


with recombinant DNA)—implia R. H Cousens, Gillette Research and 


college level or higher, Scrence-Thru- 


tions for endocrinology. lacra: Development Laboratory, 454. Basing- erest poe 
ology of calcium metaboliem and Neuroactive Peptides soke Road, Reading RO2 soe T De R ne creas ou: 

bone diseases (to include L Cholinergic System 0734 85222 1L) gram both nationally and inter- 
caleitonin, vitsumin D and HI Biogenic Amunes lee 


nationally You will get a ty on 
the grom sales Write or i T 
Hulman, Scænce-Thru-Media Co., 
Frfth Avenue, Rm 819, New York, 
NY 10016, (212) 684-5366 


IY Other Endogenecous 

Por Salo Back sets and singic mues 
of periodscals in the fleld of chemistry 
List upon request to Box 7385, Nature 
Advertmement Department, c/o Mac- 
millan Journals Ltd, 3 Dyers Buildings, 
Holborn ECIN INR 7T38XL) 


osteoporors}, 


brais peptides 
including enkephalin and LHRH, 
prostagiendia: and 


Neuroactive 
unds 


Compo 

V  Neuroleptics 

VI Hwtochemwal and 
Morphological 


Aspects 
Round Table 
Discussion 


In ¥itocdt 
Boyer, Goodman, Rich, Guillemin, 
Koator]! Iverson, Vane, Martin, 
Orc on, Nordin, Hauskr 





7T903(C) 
ASSISTANTSHIP 


and ‘Norman 
Further Information from 
Conference 





The 
Phyllida Lindsay 
79 Ni), 
Medical School, Du Cane Road. 
London W12 OHS, U.K, 
7933(C) 








PERSONAL 
RAPPORT is the discerning n’s 
way of moeting new fnends tover 


your age, location or preferences, 
onch your quality of Ife mmoeasur- 
ably with RAPPORT, the intelligent 
person’s introduction service—and ro- 
discover the joy of hving Details 
from RAPPORT, PO Box 94, 


Oxford T325(R) 


FELLOWSHIP 





in France in Puro and Applied Science, 
Technology, Medicine, Socia) Sciences, 
Economics, Geography and Agriculture 
aro offered for the academ 


lent qualifications Closing date 
December 20, 1978 Details and appli- 
cation forms from Scientific Depart- 
ment, French Embassy, 4! Parkside, 
Krnightsbrxige, LONDON SWIX 7IP 
Citazena of the Commonwealth and of 
other countnes should apply direct to 
French Embassies in their respective 
countries 7904(H) 





UNIVERSITY OF HULL 
DEPARTMENT OF APPLIED PHYSICS 


RESEARCH ASSISTANTSHIP 
Non Destructive Testing 


Applications are invited for a research assistantship tenable for a period 
of up to two years in the first instance with the poenbility of renewal 
The research assistant will be involved in the study of magnetic particlo 
inspection testing and ultrasonic teaching of a wide variety of industrial 
components, in collaboration with the Health and Safety Executive, 
Nuclear Inspectorate 


Sa will be on the scale £3,384 to £4,882 (under review) together with 
USS benefits, 


Applications, which should {nclude the names of two referees, should be 


sent by November 1, 1978 to: Dr $ B Paimer, ent of Applied 
Physics, Univermty of Hull, Hull HU6 7RX, from whom further 
particulars may be obtained 7927 Œ) 
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The University of British Columbia 


Department of Chemistry 


GRADUATE TEACHING 





ASSISTANTSHIPS 


Graduate Teaching Assistantships are available for 
candidates with high academic records who wish to 
pursue further studies towards the M.Sc. and Ph.D, 
Degrees in Chemistry. Excellent research facilities are 
available in all areas of modern Chemical Science, 
ranging from Bio-Inorganic Chemistry to Chemical 
Physics. For first year students the minimum stipend, 
including the summer research assistantship, is antici- 
pated to be $7,000. Students entering the programme 
with a Master’s degree will receive a higher stipend. 
In addition, many special merit awards are made to 
those graduate teaching assistants who show excel- 
lence in the performance of their duties. Numerous 
graduate scholarships are also available for students 
with outstanding academic records. 


Application forms and further particulars may be 
obtained from the undersigned: 


Professor C. A. McDowell 
Department of Chemistry 
The University of British Columbia 
2075 Westbrook Mall 
Vancouver, B.C. 
Canada VST IWS 





7938(P) 


FELLOWSHIPS 


















Starting date: by arrangement. 


University College, Cork, Ireland. 


POSTDOCTORAL 
FELLOWSHIP 
(three years) 


available to recent Ph.D. interested 
in developing RAPID-RESPONSE 
CARCINOGENESIS ASSAYS. Needs 
good degree in Biology or Bio- 
chemistry, ability to work indepen- 
dently. Send application with brief 
research proposal, curriculum vitae 
and three references to: Dr Murray 
Goodall, Cancer Research Unit, 
University of Otago, Box 913, 
DUNEDIN, NEW ZEALAND. 
T9O0CE) 


UNIVERSITY COLLEGE CORK 


POSTDOCTORAL RESEARCH FELLOWSHIP 
(VIROLOGY/CELL BIOLOGY) 


A vacancy exists for a 


Virologist/Cell Biologist 


to study tumour virus (SV40) host cell interaction through the use of 
temperature sensitive host cell mutants. The project is funded by the 
irish Cancer Society and the appointment will be initially for one year 
with a possible extension to three years. 


Commencing salary will be in the region of £3,600 per annum. 


Applications with curriculum vitae and the names anc addresses of two 
referees should be sent as soon as possible to Dr J. K. Collins, 
Virology Unit, Department of Microbiology/Dairy & Food Microbiology, 





7954(E) 






NEWNHAM COLLEGE 
CAMBRIDGE 
RESEARCH FELLOWSHIPS 


acting as part of a 
Group, invites applications from 
women educated in Great Britain of 
the Commonwealth for one or more 
Research Fellowships which wif nor- 
mally be tenable from October l. 
1979. 

Further details, together with appli- 
cation forms (which must be completed 
and returned not later than November 


The College, 


1, 1978) may be obtained from the 
Secretary, C.LA O., Keller Lodge. 
Tennis Cour: Road, Cambridge 
CR2 19]. 7930F} 
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THE QUEEN’S 
UNIVERSITY 
of Belfast 


RESEARCH 
FELLOWSHIP 


DEPARTMENT OF 
BIOCHEMISTRY 


This post, available until Septem. 
ber, 1980. involves research on 
biochemical aspects of measles and 
canine distemper viruses, The 


work is supported by a grant from 


the Medical Research Council and 
is concerned with haw defective 
interfering particles may be in- 
volved in establishing persistent 
infections in tissue cultured cells. 
Candidates should have some years 
experience in the field of mucteic 
acids (particularily RNA) and 
proteins. Experience in handling 
bacterial or animal viruses would 
be an advantage. 

Salary scale (under review) is 
£3,384 to £5,130 with superannua- 
tion, imitial placing depending on 
age and experience, 

Applications giving 
addresses of two referees should 
he sent to the Personne! Officer, 
The Queen's University of Belfast 
BY? INN. Northern Ireland, 
Closing date: October 27, 1978. 

TISHE 


nanges ard 
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UNIVERSITY OF KEELE 
RESEARCH FELLOWSHIPS 
IN BIOCHEMISTRY 

Two fellowships are available with 
Professor J. B. Liovd im the Bio 
chemistry Research Laboratory, 
Department of Biological Sciences. 

1, For work on the nutrition of the 


early mammalian embryo (M. R.C 
supported). Experience with tissue 
culture techniques and radioisotopes an 
advantage. 

2. For work on the pinocytic up- 
take and lysosomal digestion of pæ- 
fentially biodegradable synthetic 


polymers (Cancer Research Campaign). 
Experience of cell fractionation and 
enzyme assays an advantage. 

Both posts could be filled at either 
postdoctoral (salary scale TA, from 
£3,883 pa.) or predoctoral (salary scale 
1B, from £3,384 pao level. 

Further details from Professor J. B. 
Liovd, The University, Keele, Staffs.. 
STS SBG (tel: O782 G219TTE, ext. 65). 
to whom applications, accompanied 
by a curriculum vitae and the names 
of two referees. should be seni as 
soon as possible. TISHE) 





UNIVERSITY OF 
SOUTHAMPTON 
HUMAN MORPHOLOGY 
FELLOWSHIP 


Applications are 
medical or science 
fellowship which will involve a 
maximum of six hours teaching a 
week. Previous teaching /research ex- 
perience, although not essential, would 


invited from 
graduates for a 


be an advantage. The successful 
applicant will take part in teaching? 


demonstrating anatomy and/or histo- 
logy to medical undergraduates. join 
a research group studying some ime- 
munological aspects of pregnancy. and 
will be encouraged to register (if 
appropriate) for a higher degree. 
Salary within range £3,883 to 
£6,555. Minimum at age 26, £4382 
per annum. USS benefis, 
For further details contact 
Peel, Human Morphology. Medica! 
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to scientists of all countries. Applica 
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University of Colorado, Boulder 
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proposed research. 
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CAMBRIDGE 
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scientific research fellowship open te 


graduates of any university and tenable 


for three years from October 1, 
1979. The applications should be ir 
the field of Mathematics, Matura: 
Sciences, Geography and allied 
subjects. 


The fellowship is to the value ol 
£2,478 per annum to a candidate with 
a Ph.D. and £2,285 per annum to 2 
candidate who has not completed z 
PhD. The fellowship ts pensionable 
under U.5.8. 

Particulars are available from the 
Secretary to the Council, Girton 
College, Cambridge CB3 03G to whom 
applications should be sent — by 


November 13, 978. TALKED 
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UNIVERSITY OF WARWICK 
CASE STUDENTSHIP-— 
KINETICS OF DIAZONIUM SALT 
REACTIONS BY FAST 
REACTION METHODS 
Applications are invited for a three 


year SRC. (CASE) Research 
Studentship in the Department of 
Chemistry and Motecular Sciences, 


starting October 1. 1978, and super 
vised by Dr T. G. Kemp in collabora- 


tion with Dr J. Atherton ALCL 
Organics). The programme will in 


volve a kinetic study of the decompo 
sition and coupling reactions of ArN,* 
ions using stopped-flow spectrophoto- 
metry combined with a rapid-scanning 
spectrometer, Applicants should hok 
or expect to hold at least an Upper 
Second Class honours degree in 
chemistry. Further details may be ob 
tained from Dr Kemp, Department of 
Chemisiry and Molecular Sciences. 
Applications, with the names of two 
referees, as soon as possible, to the 
Academic Registrar, University ol 
Warwick, Coventry CW4 7AL. Please 
quote Ref. Noo PG /40/78. 
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UNIVERSITY OF SYDNEY 
THE THOMAS LAWRANCE 





Applications 
graduates of 
Australia who propose to 
postgraduate study in the , 
Agriculture, The scholarship, whict 
is valued at $A4200 pa. is tenabh 
for one year, but may be renewed. 

Further information and applicatior 
forms may be obtained from the 
Registrar, University of Sydney, NSM 
2006, Australia, wih whom applica 
tions close on November 17, 1978. 
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THE above three graphs show changing patterns in 
popularity of various subjects amongst applicants to 
British universities over a period of fifteen years. The 
figures have been compiled from annual reports of the 
Universities Central Council on Admissions (UCCA), 
culminating in the Statistical Supplement to the 
Fifteenth Report, published recently. These reports 
have over the years consistently listed the number of 
candidates applying through the UCCA scheme for 
entry to any British university (excluding the Open 
University, University College, Buckingham and to a 
lesser extent three Scottish universities) by their first 
choice for study. 

There were some changes in subject headings between 
1963 and 1967 which mean that comparisons must be 
made a little cautiously (although there seems no 


evidence that the subject headings are seriously in- 


compatible). Since 1967 the headings have remained 
the same, however, so there is no reason to doubt that 
year-by-year comparisons can be made. The figures are 
percentages of all applicants naming particular subjects 
as first choice. The total number of applicants in 1963 
was 51,596 and in 1978 is about 180,000. Between 1963 
and 1967 the number rose’ to 90,952; it has risen more 
slowly since then. Only one subject, chemistry, actually 
has less applicants in 1978 than in 1963. 





Mathematics 1o 


Accountancy 


2 74 76 78 


63 67 70 


As with all statistics, some cautions have to be given. 
These are not figures for admissions’ to university, so 
they do not reflect actual changes in size of intake. 
Very many students naming a preferred subject are 
happy, or at least willing, to be accepted for another 
subject. Furthermore, the figures say nothing about the 
quality of candidates. Many of those who apply simply 
do not have the necessary qualifications, and cannot be 
regarded in the final analysis as serious candidates for a 
university. Also amongst those who are serious candi- 


‘dates, there is probably substantial variation from sub- 


ject to subject in the quality of applicants. Finally, the 
figures for 1978 are only estimates, though accurate 
ones. 

What can be claimed is that the graphs represent 
fairly well the ambitions of 17-year-olds over a period in 
which a much greater number of students have been 
able to contemplate university education, and in which 
society’s attitudes to various professions have changed 
substantially. Perhaps there are two points worth under- 


lining. The first is that the vast expansion in edu- 


cational opportunities in the 1960s did not stimulate in 
any way a proportional increase in the number of those 
doing the ‘central’ sciences. Secondly, contrary to 
popular belief, enthusiasm for engineering courses has 
actually grown fairly steadily for many years. a) 
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Power-failure knocks out Seasat 


A POWER-FAILURE thought to have been 
caused by a short circuit has cut off 


all communication with the experi- 
mental ocean-monitoring satellite 
Seasat-A, launched less than four 


months ago by the National Aeronau- 
tics and Space Administration. 

Attempts by NASA’s Jet Propulsion 
Laboratory in California to re- 
establish contact with the satellite have 
so far been unsuccessful. And it is 
feared that the satellite, which cost 
$75 million to put into orbit, and was 
expected to continue to provide data 
for up to three years, may now have 
to be written off. 

Seasat is primarily a “proof of con- 
cept” satellite designed to test the 
performance of a set of microwave 
sensors, including in particular a syn- 
thetic aperture radar which is able to 
gather data on the behaviour of the 
ocean’s surface even through dense 
cloud. 

In the four months since the satellite 
was launched considerable quantities of 
data have been successfully gathered 
and stored for future processing. 
NASA officials claim that the results 
processed so far indicate that the be- 
haviour of the equipment has been 
“amazingly good”. 

However the apparently short life 
of the satellite has been a major dis- 
appointment to scientists who had ex- 
pected to make use of a full range of 
data in a series of oceanographic and 
meteorological studies not only in the 
US, but also in Canada and Europe. 

Canada’s Department of Energy 
and Mines, for example, which is 
collecting Seasat data at a receiving 
station in Newfoundland, was in the 
process of a major survey of arctic 


ice flows using simultaneous data from 
aircraft and the satellite. The survey 
will now have to be completed using 
aircraft data alone; and although the 
impact on the project is not likely to 
be substantial, one scientist described 
the loss of further Seasat data as a 
“considerable blow”. 

The trouble occurred last Monday 
when Seasat was in its 1503rd orbit. 
According to NASA officials the 
satellite seemed to be behaving nor- 
mally when it passed over the receiving 
station at Orrora in Australia; however 
when it came within sight of the next 
Station at Santiago in Chile, it was dis- 
covered that the batteries were dis- 
charging at full rate. 

-As the voltage dropped rapidly, 
various sensors began to shut down, 
and within a few minutes the satellite 
ceased to respond to commands sent 
up from ground control stations. A 
little later communication from the 
satellite to Earth also cut out. 

Laser beams bounced off special re- 
flectors on the bottom of the satellite 
as it passed over Bermuda showed that 
it was still on course. However con- 
tinued attempts to get the satellite to 
switch off all non-essential equipment, 
in the hope that solar cells might re- 
charge the batteries, have apparently 
so far met with little success. 

Various bursts of data thought to be 
from Seasat were reported last week 
by several receiving stations, including 
one at Oakhanger near London, but it 
turned out that these had been trans- 
mitted from the  earth-monitoring 
satellite Landsat-3. 

The cause of the power failure is not 
yet known (although NASA officials 
were denying rumours that it might 
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by a Soviet 


have been knocked out 
anti-satellite weapon). However late 
last week it was discovered that a 
recorder left on for practice purposes 
at Oakhanger had been receiving 
signals at the time of the failure, and 
its data is now being studied to see if 
any clues to the short-circuit could be 
found. 

Because of tight budget restrictions, 
Seasat-A is a one-off satellite with no 
back-up available. Although officially 
planned to remain in orbit for only one 
year, it had been supplied with suffici- 
ent resources to last for three. The 
soonest that a follow-up satellite could 
be launched, even with Congressional 
approval, would be 1983. L] 


Carter outlines future strategy for space science 


PRESIDENT Carter has officially con- 
firmed that there are unlikely to be 
any further US “space spectaculars” 
such as the Apollo project during the 
next decade, and that while the ad- 
ministration remains committed to a 
strong space science programme, this 
must remain sufficiently flexible to 
absorb financial constraints ‘when con- 
ditions warrant”. 

However, included among future 
space science goals will, in addition to 
planetary studies currently underway, 
be more detailed exploration of Saturn 
and its moons and rings, and the re- 
connaissance of comets and asteroids. 

These decisions were announced last 
week following a policy review of 
civilian space policy carried out by an 
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interagency committee set up four 
months ago under the chairmanship of 
Dr Frank Press, director of the Office 
of Science and Technology Policy. 

The president’s statement contains 
few surprises, and reflects the more 
cautious—some would say conservative 
—path that the National Aeronautics 
and Space Administration has been 
pursuing in the past few years. Its 
general message is that if there is to be 
a major expansion in space activities, 
the main stimulus is to come from 
private industry rather than the federal 
government, 

As for space science, the statement 
lays down broad principles rather than 
specific objectives. Thus President 
Carter says that US space policy will 


reflect a balanced strategy of applica- 
tion, science and technology develop- 
ment which will “assure American 
scientific and technological leadership 
in space for the security and welfare 
of the nation”. 

Such a policy will, he says, 
“emphasise space science and explora- 
tion in a manner that retains the 
challenge and excitements and permits 
the nation to retain the vitality of its 
space technology base, yet provides 
short-term flexibility to impose fiscal 
constraints when conditions warrant.” 

The president’s statement says that 
it is neither feasible nor necessary at 
this time to commit the United States 
to a “high-challenge space engineering 
initiative” comparable to Apollo, and 
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that the now declining costs of the 
Space Shuttle development programme 
gives the administration ‘“‘the flexibility 
to give greater attention to new space 
applications and exploration, continue 
programs at present levels, or contract 
them.” Funds to cover these will be 
“adequate ” 

Turning to space science, the presi- 
dent says that in addition to continuing 
a vigorous programme of planetary 
explorations to understand the origin 
and evolution of the solar system, the 
US will utilise the space telescope and 
free-flying satellites to usher in “a new 
era of astronomy” which will include 
the exploration of interstellar mole- 
cules, quasars, pulsars and black holes 

The most controversial part of the 
statement comes in the section cover- 
ing space applications, and in particular 
the future direction of earth monitor- 
ing systems such as LANDSAT. The 


administration has been under Con- 
gressional pressure for some time to 
come up with a clear set of policy goals 
and long-term objectives. 

Last month, for example, Senator 
Adlai Stevenson, chairman of the 
Senate subcommittee on science and 
space, introduced a bill which would 
require the president to present Con- 
gress annually with a five year forward- 
plan clearly laying out the 
administration's space objectives and 
how it proposed to meet them. 

However, so far the administration 
has backed away from any firm com- 
mitment of this nature. And last 
week’s statement merely says that, in 
the case of remote sensing systems, 
NASA will chair an interagency task 
force “to examine options” for an 
integrated system, and that a com- 
prehensive plan covering all aspects of 
remote sensing ‘will be explored.” O 


World climate conference thrown open 


to social scientists 


Wren the World Climate Conference 
meets in Geneva in February next, it 
will involve some 400 participants in- 
stead of the 100 or so originally en- 
visaged by its organisers at the World 
Meteorological Organisation (WMO). 
So now the social as well as the physical 
sciences can be represented—a move 
in line with the new trend of thinking 
on the role of science in the United 
Nations system. This broader participa- 
tion also underlines the main objective 
of the conference “to examine the 
impact of climate on various aspects 
of human welfare, and especially of 
climatic fluctuations on all time scales” 

WM0O’s Secretary General Dr D. A 
Davies points out that the effects of 
cold spells and droughts have in recent 
years presented grave problems affect- 
ing energy supplies and agricultural] 
output even in the most highly de- 
veloped countries, At the other end of 
the economic ladder, the effects of the 
disaster caused originally by the 
drought in the Sahel in the early 1970s 


are still causing grave concern. So this 
effort to bring about a “meeting of the 
minds” between the meteorologists and 
the behavioural scientists, biologists, 
economists and others in relevant dis- 
ciplines is certainly not being made a 
moment too soon. 

Nevertheless no great scientific 
surprises are expected to emerge from 
next February’s meeting. As WMO 
sees it, hard evidence does little to 
support many of the disaster hypotheses 
of the doom-watchers It is admitted, 
however, that there is one major ex- 
ception: the problem of increasing CO, 
in the atmosphere. This is something 
in which WMO is seriously engaged, 
and is considered important enough 
for a-major global effort to be made 
in the immediate future: the proposal 
is to use a wide network of regional 
observing stations, together with a 
smaller number of permanent baseline 
stations sited so as to cover the whole 
of the Harth’s surface. 

Peter Collins 


“Erosion of spirit” in British science 


THe morale of academic research 
scientists in British universities is at 
a low ebb, according to the Trustees of 
the Nuffield Foundation, a British 
charitable organisation which supports 
university research, - 

Writing in the annual report of the 
foundation, the trustees claim to ob- 
serve “what appears to be an erosion 
of the spirit in scientific and medical 
research at British universities and 
polytechnics”. The trustees base this 
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assertion on the fact that the Nuffleld 
Foundation “has received many fewer 
applications of high quality for 
research grants in science and medicine 
than would have been expected if uni- 
versity departments were bursting with 
ideas and needing only financial re- 
sources to carry them through”. The 
morale of the younger members of the 
community is particularly affected, says 
the report. 

The trustees select lack of growth in 


ST] 
ICSU investigates 
refused visas 
ICSU the International Council of 


Scientific Union3—is to investigate the 
complaint of a group of Israeli geneti- 
cists who failed to receive visas for the 
fourteenth International Congress of 
Genetics, held hh Moscow last August. 

, 33 members of the 
Isracli Society of Genetics registered 
for the congress and received a regis- 
tration number, indicating that thedr 
application was accepted. However, a 
month before the congress, visas had 
not yet arrived. 

On 10 August, the Israeli Society of 
Genetics cabled Professor Ralph Riley, 
secretary of the International Genetics 
Federation, suggesting that the federa- 
tion withdraw its sponsorship of the 
congress. This, it appeared, was im- 
possible, both tecause the federation 
was financially committed, and also 
because it was “eared such an action 
would “throw Russian genetics into 
turmoil again”. 

Eventually 18 visas arrived — re- 
stricted to the exact dates and place of 
the congress and with no provision for 
accompanying spouses nor for partici- 
pation in the traditional post-congress 
excursions. At tùis the Israeli Society 
of Genetics decided to recommend its 
members not <o attend—a recom- 
mendation whica was duly followed. 
Instead, two delegates attended to put 
the Israeli case *ormally. 

After various unofficial discussions, 
the case was raised at the representative 
council of the federation, and a re- 
solution was passed, mild in tone, but 
demanding that ‘ steps should be taken 
to ensure that all applicants to further 
congresses receive their visas in due 
time”. 

Last month, wien the ICSU general 
assembly met in Athens, the resolution 
was brought to the attention of the 
Committee for the Free Circulation of 
Scientists. The Committee, which in- 
cludes among its membership a repre- 
sentative of the Soviet Academy of 
Sciences, has uncertaken to look into 
the matter. Vera Rich 


the universities es the main culprit: 
‘younger people .. . can no longer set 
their sights on what until quite recently 
was the chief objective of young 
creative sclentists—to be so successful 
in their chosen field as to make a mark 
not only in the scientific literature 
but on the pattern of research in their 
institutions.” 

The foundation offers to help—if 
anyone can come up with a practical 
proposal. CT 
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Brazil’s scientists fan doubts 
over energy priorities 


David Dickson describes how problems with Brazil’s nuclear 
programme have highlighted tensions between the government 


and the scientific community 


One of the major issues that Brazil's 
new president will have to face when he 
takes power after next month’s elec- 
tions is whether the country should 
make a major shift in its energy 
Strategy 
Officially the central 
this strategy remains a firm commit- 
ment to the rapid development of 
nuclear power, a programme under 
which the country is scheduled to pos- 
sess nine power stations by 1990, and 
to be meeting 40°), of its energy needs 
with nuclear power by the year 2000. 
Criticism of the programme by 
Brazil’s scientific community on tech- 
nical, economic and political grounds 
appears so far to have been virtually 
ignored by the country’s military lead. 
ers. And external criticism, such as the 
US's attempts to dissuade Germany 
from selling Brazil a re-processing plant 
on the basis that it would increase the 
danger of the proliferation of nuclear 
weapons, has hardened the nation’s 
‘resolve to pursue its nuclear goal. 
However, three factors are now put- 
ting strong pressure on Brazil's leader- 
ship to revise its curent stance. The first 
involves problems and delays that have 
already occurred in the nuclear pro- 
gramme itself; in particular the extra 
construction work that has been made 
necessary by the discovery of geologic 
instabilities at present reactor sites. 
The second ts the rapidly increasing 
costs of the programme. Partly a result 
of the costs of the extra design and 
construction work, and partly due to 
the declining value of the cruzeiro 
against the Deutschmark. nuclear 


component ol 





Cars in Sao Paulo now run on a mixture of 20% 
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power is becoming a much less attrac- 
tive proposition on economic grounds 
when compared to more conventional 
sources such as hydropower 

[he third factor is the success that 
has already been achieved in Brazil's 
crash programme to substitute the use 
of ethyl alcohol for petroleum. Unlike 
nuclear power, the alcohol programme 
is well on the way to meeting its initial 
target of 4 billion litres a year by 1980; 
a further source of pride is that is has 
been based almost entirely on indigen- 
ous research and development. In many 
of Brazil's major cities cars now use 
a mixture of 20%, alcohol, and by 1981 
one-sixth of all new cars are planned to 
run on alcohol alone 

At the very least. some of Brazil's 
scientists now argue, the $1.6 billion 
alcohol programme has removed the 
worst pressures of the energy crisis 
which had had such a dampening effect 
on Brazil's previously explosive 
economic growth, thus giving the 
country more time to consider the 
details of its nuclear future. 

“Most scientists and industrialists 
would probably prefer a more modest 
programme in which they could play a 
dominant role and acquire the neces- 
sary technology” acording to Professor 
Jose Goldemberg, director of Sao Paulo 
University’s Institute of Physics, who 
has suggested that a prototype reactor 
working on the thorium cycle might be 
the most appropriate way forward. 

Others go further to suggest that. 
given the vast potential of the nation’s 
renewable energy sources—in particular 
in the fields of hydropower. solar 


alcohol 
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David Dickson reports 


energy and the use of biomass—the 
most desirable option from both a tech- 
nical and a social point of view would 
be for Brazil to drop its nuclear pro- 
gramme altogether, 

Che oil crisis of 1973 hit the country 
particularly hard. Unlike neighbouring 
Venezuela. it has little petroleum 
reserves, and intensive prospecting has 
been relatively unfruitful; 83% of its 
petroleum is now imported. at an 
annual cost of $4 billion. 

Even before the crisis, Brazil had 
commited itself to nuclear energy, 
Signing an agreement with the US firm 
Westinghouse to build a 625 megawatt 
reactor on the coast at Angra dos Reis, 
115 miles south-west of Rio de Janeiro, 
in 1969. 

Construction work started in 1972, 
but has been plagued with problems. 
I hese range from an embarrassing fire 
last year, which caused $10 million of 
damage to equipment and raised 
awkward questions about construction 
procedures and security, to the dis- 
covery that the site was on top of a 
rock platform that was slowly being 
pushed into the sea—and that a retain- 
ing wall was therefore needed to shield 
it from the pressure of earth moving 
down a nearby mountainside. 

Other problems have been experi- 
enced with the subsequent contract for 
the construction of eight 1,300 mega- 
watt reactors which Brazil signed with 






EASOWHOL 


AND SERVICE STATION 





It’s all right, sir. It’s only suffering from 
a hangover! 
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as sensitive as nuclear energy is there- 
fore little surprising. And the govern- 
ment even disbanded the main research 
group in the country, the Institute of 
Radioactive Research at the Federal 


University of Minas Gerais. 


Pm Pa One consequence of 


lack of 
however, 


the 
involvement of universities. 


i: ón has been the reported difficulty of 
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“el SS cate - 3 into the nuclear programme. For 
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Plagued with problems: Brazil's first nuclear power station under construction 


West Germany in 1975. The package 
included not only equipment, materials 
and technical assistance, but also 
covered the construction of an enrich- 
ment plant and a reprocessing plant, 
providing, it had been hoped, the basis 
for Brazil’s nuclear power programme 
to become self-sufficient. 

It has been the inclusion of the 
enrichment and the reprocessing plants 
that have so far atracted the most out- 
side attention. In addition to the Carter 
administration’s attempts to block the 
sale of the latter, the Dutch govern- 
ment almost refused to allow the sup- 
ply of enriched fuel from the European 
Urenco consortium because of concern 
over safety arrangements. 

Such arguments, however, have few 
supporters inside Brazil. The military 
rulers have accused the US of inter- 
fering in another country’s sovereignty, 
the same reason given for refusing to 
sign the Non-Proliferation Treaty; and 
even the government’s political oppo- 
nents, while expressing concern on the 
safety issue, have rallied behind it in 
rejecting outside pressure as “‘techno- 
logical imperialism.” 

However, criticism of other aspects 
of the programme has been far from 
absent. Three issues in particular have 
attracted the attention of Brazil's 
scientific community, among whom the 
physicists have been especially vocal. 

The first criticism is that, in buying 
the technology as a total package with 
no alteration permitted to the German 
design—even though the construction 
of parts will slowly be taken over by 
Brazilian contractors—no real transfer 
of technology will have taken place, 
and the Brazilians will have learned 
little about reactor design. 

“The technological aspect of nuclear 
energy is vitally important, and we 
would like to learn how to develop our 
own technology so that we can develop 
a truly independent programme,” says 
Professor Jose Moreira of the Institute 
of Physics, who claims that the short 
period spent in Germany by most of 
those sent to learn about nuclear tech- 


nology means that little transfer of 
knowledge is likely to take place. 

The second criticism relates to the 
proposed method for enriching uran- 
ium. The Germans have proposed using 
the as-yet unproven Becker jet-nozzle 
process. Research results, however, have 
so far been disappointing, and have 
led to the crack that Brazil is paying 
with money it does not have for tech- 
nology that Germany does not possess. 

Both of these relate to the third, 
broader criticism; that in developing 
its nuclear programme, the Brazilian 
government has taken little account of 
what its own scientists could or might 
be able to offer, and has thus neglected 
the opportunity to build a nuclear 
power industry truly independent of 
foreign interests. 

Professor Moreira points out, for ex- 
ample, that at present Brazil has about 
800 PhDs in nuclear physics, more 
than enough to establish a viable 
reactor research community, but that 
universities and technical institutes 
have been virtually ignored in the 
government’s nuclear plans. 

Similarly a group of physicists 
recently produced a report on 
“Panorama and Perspectives on physics 
in Brazil”, which criticised the lack of 
interaction between the government 
nuclear company Nuclebras and the 
physics community, claiming that this 
appeared to be a deliberate policy, and 
pointing out that the considerable 
scientific resources of Nuclebras were 
not available to outside scientists. 

The situation has historical roots. 
Back in the late 1960s when the nuclear 
plans were being drawn up, universities 
were a focus of opposition to the 
military government’s authoritarian 
policies, and many staff members— 
including scientists such as Dr Leite 
Lopes, then scientific director of the 
Brazilian Centre for Research in 
Physics, and now professor of particle 
physics theory at the University of 
Strasbourg—lost their jobs. 

A reluctance at the time to provide 
university research funds for a subject 


gramme is shrouded in secrecy—that 
this is one reason why government 
laboratories have had such difficulty in 
developing the enrichment technique, 
even on an experimental basis. 

“More than the petrol crisis, what is 
obstructing Brazilian development is 
the lack of human resources,” Profes- 
sor Jose Ellis Ripe, a physicist from the 
University of Campinas, hold a confer- 
ence last month on physics education. 
This, he said, was the result both of a 
low investment in education, including 
in particular education in the basic 
sciences, and a preference for investing 
government money in areas that 
promised a quick return. 

One area of slightly less sophisticated 
technology in which Brazilian scientists 
and technologists have been able to get 
a firm grip has been in electric power 
transmission. Brazil and Paraguay are 
currently building what will be the 
largest hydroelectric dam in the world 
on the Parana river, eventually produc- 
ing 12.6 gigawatts: Brazil has agreed to 
buy any power that Paraguay does not 
need. but since the two countries’ elec- 
tricity supplies are at 50 and 60 cycles 
a second respectively, Brazil is trans- 
mitting the power to its urban centres 
as direct current before reconverting 
it to alternating current 

Factors such as the need for smaller 
cables means that high voltage direct 
current transmission becomes more 
economical over a distance of about 
700 kilometers. And engineers are now 
putting together ambitious plans to use 
such techniques to transmit hydro- 
power 2000 kilometres from the Ama- 
zon basin to the country’s industrialised 
areas in the south, whose energy needs 
had previously stimulated the nuclear 
power programme. 

But the area which has given the 
greatest boost to Brazil’s self-confidence 
in its research capabilities has been 
the alcohol programme. From modest 
beginnings only a few years ago, the 
research programme has mushroomed 
under the personal support of President 
Geisel to a position in which several 
hundred separate projects are planned 
or operating, with a total budget of 
$65 million over the next two years 

Even US scientists admit that this is 
an area of energy research and deve- 
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lopment in which Brazil has established 
an advantage over all other countries, 
and there has been much international 
interest—for ‚example from scientists 
in West Germany and Scandanavia—in 
the programme and its results. 
Reception of ‘“gasohol’’ by con- 
sumers has been mixed; there’ are 
complaints of ting problems—the 
streets of Sho Paulo are filled wih fre- 
quent back-fires—of difficulties in start- 
ing on cold mornings (overcome by the 
addition of a small pre-heater) and of 
an increase in fuel consumption. 
Research scientists at the Aerospa- 
tial Technical Center near São Paulo, 


where much of the enthusiasm initlally . 


came from and where there are cur- 
rently 34 separate programmes looking 
at engine design, insist that such pro- 
blems are relatively minor, and that 
the technical feasability of using alco- 
hol in petrol on a large scale has now 
been clearly established 

In other places, much research is 
being carried out into the supply side 
Initially the prime candidate for trans- 
formation mto alcohol had been 
manioc, a root vegetable widely used 
by Brazil’s native Indian which grows 
in poor soil with relatively little water 
—two characteristics of Brazil’s North- 
east region in which social conditions 
are worst, and needs are greatest. 

However at present the main em- 
phasis is being placed on methods of 
producing alcohol from sugar cane. 
Although unlike manioc, which can be 
harvested at any time, cane can only 
be collected for six months of the year. 
it is considerably easier to extract the 
Sugar reauired for fermentation, and 
the outside sheath. known as bagaco. 
can also be burnt to provide the 
energy for the fermentation process 

Government officials, their appetite 
whetted by the apparent success of the 
alcohol programme, are now busy fol- 
lowing up the potential uses of other 
biological materials. One prime candi- 
date under consideration is the nut of 
babacu palm tree, at present used 
almost exclusively for its seeds, which 
are extracted from the nut’s core and 
crushed to produce their oil. | 

Plans are now being studied to use 
each of the various parts of the nut 
for different purposes; the seeds to 
make palm nut oH, the core to make 
charcoal and gas, the shell to make 
alcohol, and the skin for primary com- 
bustion. 

In addition to building the self-con- 
fidence of the research community, the 
whole field of aternative energy 
sources is proving to be a fruitful outlet 
for university scientists who had been 
previously frustrated in attempts to link 
their work to socially useful objectives. 

The involvement which started with 
criticism of the government’s nuclear 


policy is now being channelled by some 
into more pragmatic goals. This pro- 
cess has been encouraged by the avail- 
ability of funds from the federal 
governmem, which has recently set up 
an office in the Ministry of Mines and 
Energy, under the title of Project Ipi- 
ranga, to centralise research efforts on 
non-conyentional sources of energy. 

A group of physicists at the Federal 
University of Rio de Janeiro, for e- 
ample, under the direction of Dr Luiz 
Pinguelle, is now looking at the energy 
options facing state power companies. 

Similarly Professor Goldemberg and 
Professor Moreira in Sho Paulo are 
looking at ways of increasing the effi- 
ciency of the conversfon processes ap- 
plied to biological materials. In parti- 
cular, they are investigating both 
theoretically and experimentally ways 
of using fluidised bed combustion to 
increase the efficiency of burning the 
sugar-cane bagaço which they claim 
could be used as an important source of 
electricity for other domestic and 
industrial purposes. 

But the more general sense of frus 
tration and exclusion remains. Many 
scientists, for example, are now call- 
ing on the governmem to permit the 
return of those of their colleagues who 
had previously been expelled, claiming 
that the country needs to do what it 
can do build a base that can shore 
up its ailing economy. 

There have also been requests for 
greater participation in decision mak- 
ing on technological issues, as well as 
in the assessment of the general direc- 
tion of bodies such as the National 
Research Council, Nuclebras, and even 
the Ministry of Education. 

So far, despite the slight loosening 
of earlier restrictions, there has been 
little response to such requests And in 
energy policy at least, there remains 
the feeling that political interests con- 
tinue to play a dominant role . 

One reason for the switch from 





ARGENTINA is soon to start construc- 
tion work on an experimental 
plutonium reprocessing plant, and 
could be operating a complete nuclear 
fuel cycle with domestic technology 
by 1990, according to Admiral Raul 
Castro Madero, President of the 
Atomic Energy Commission. 

The reprocessing plant will be 
situated in the grounds of the Ezeiza 
Atomic Centre outside Buenos Aires. 
A laboratory scale reprocessing plant 
was built at Ezeiza in the early 1960s, 
and is said to have produced a few 
milligrams of plutonium before it was 
dismantled. 

According to a report in the 


Argentina plans nuclear reprocessing plant 
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manioc to sugar cane in the alcohol 
programme, for example, was that des- 
pite the social advantages of the 
former in bringing work and income 


-to the country’s most depressed areas, 


the dramatic decline in world sugar 
prices in 1973/74 meant that the large 
gsugar-cane producers needed new out- 
lets for their produce, and pushed for 
their inclusion in the programme. 

Nor are established interests far be- 
low the surface in the nuclear energy 
field. Thus there has recently been a 
scandal involving the close connections 
between the Minister of Trade and In- 
dustry and the owner of a previously 
obscure engineering company which 
was awarded, without any competitive 
bidding, the contract for the construc- 
tion work for the first two German 
reactors, Angra 2 and 3 

Furthermore Brazil can expect 
heavy pressure from Germany if its 
attempts to back out—as Iran is now 
reported to be contemplating—from its 
previous commitment, even though, 
according to Mr Arnaldo Barbatho, 
president of the state-owned electricity 
company Electrobras, “the agreement 
speaks only of the purchase of up to 
eight nuclear power stations.” 

Finally wih Argentina, Brazil’s main 
economic competitor in the South 
American continent, already success- 
fully operating one reactor and building 
more, any suggestion of cutting back 
on nuclear plans is unlikely to be 
warmly received in military circles. 

Last momth the Brazilian congress, 
largely under pressure from the opposi- 
tion party MDB, agreed to set up in 
the Senate a parliamentary commission 
of inquiry into the country’s nuckar 
policy. Some scientists feel this could 
be an opportunity to explore the 
viability of a major shift towards 
alternative, mainly renewable energy 
sources. The technical potential has 
been demonstrated; the political will is 
now required. O 





Washington Post, Argentina ig also 
planning to start production of a 
heavy water plant. The country 
already operates a natural uranium 
reactor—the only nuclear reactor 
presently operating in South 
America—and this would give ft the 
capacity to produce nuclear fuel 
using domestic technology. 
Since Argentina has not signed the 
nuclear non-proliferation treaty, it 
would be able to produce weapons- 
grade plutonium free of international 
safeguards However, Admiral 
Madero said in an interview that the 
country had “no need for nuclear 
weapons”. D 
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Israel’s place in the 


sun 


Israel’s abundance of sun and scientists has led to great interest 
in the application of solar energy, writes Vera Rich 


ISRAEL, it may be claimed, has had an 
interest in solar power dating back 
some 3,500 years—when Joshua 
ordered the Sun to stand still! But to- 
day there is a boom in the more 
scientific uses of solar energy in the 
country. 

The modern era of Israeli solar 
power dates back to 1911, when a 
mining engineer from Siberia, Moshe 
Novomeiskii, first visited the Dead Sea. 
Novomeiskij realised that the com- 
bination of arid atmosphere and virtu- 
ally unlimited sunlight (the annual rain- 
fall is about 5cm) would make the 
extraction of mineral salts by evapora- 
tion commercial. By 1930, the first 
plant, at the northern end of the Dead 
Sea, was in operation, and in 1934, a 
second plant was opened at S’dom, at 
the southern end of the sea, where the 
terrain is suitable for the construction 
of very large evaporation pans. 

Following partition in 1948, the 
northern plant came into Jordanian 
hands, and was later destroyed; but the 
S'dom plant has become the basis of 
Israel’s potash and chemical industry. 
The evaporation pan system now covers 
130 kmř and has a capacity sufficient 
to produce 1,250,000 to 1,400,000 tons 
of phosphate a year, much of which 
is exported, as well as bromine com- 
pounds and magnesium and sodium 
chlorides. The solar energy consumed 
in the evaporation process is estimated 
to be equivalent to more than Israel's 
annual output of electricity. 

For some years, the Dead Sea works 
remained Israel’s only effort in the use 
of solar energy. Then, about 20 years 
ago, the first solar-powered hot-water 
systems began to go into operation. At 


the present time, even the prefabricated 
homes of the small Negev settlements 
have roof-top water heaters (two solar 
panels and a drum), and it is estimated 
that some 35%, of the population enjoys 
solar hot-water—a total which would 
doubtless be higher had not certain 
local authorities banned roof-top stor- 
age tanks for aesthetic reasons. 
Following the oil crisis of the early 
1970s, and in view of the fact that 
Israel has so far located only minor 
deposits of oil and gas within the “green 
line” (the pre-1967 frontier), there is 
now a boom in all types of solar energy 
exploitation. At virtually every institute 
of higher education in Israel, a number 
of solar energy projects are going for- 
ward, in any available corner. Even 
the spacious Weizmann Institute seems 
to find it impossible to house all its 
solar team in an appropriate building, 
and one can find solar energy work 
going on, for example, in the basement 
of the animal breeding centre! 
Broadly speaking. solar energy re- 
search falls into four main sections : 


@ passive domestic systems: water 
heaters, space heating and air condi- 
tioning: 
@ production of electricity from solar 
energy; 
@ use of photosynthesis and related 


processes to “‘fix’’ solar energy, and 
@ miscellaneous applications. 

Research into passive domestic sys- 
tems is now well advanced, and ranges 
from the development (at the S‘de 
Boger Desert Research Centre) of light- 
weight collector panels which the 
householder can install himself, to 
detailed investigations of the technical 
and economic problems of central 





Figure (above); a large on-line Sun-tracking system for solar energy experiments at the 


Weizmann Institute of 
concentrators 


Science, 
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Rehovot. 


The system can drive 2m of solar 
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heating systemes for apartment houses 
and other large establishments. Such a 
survey was carried out at the Ben 
Gurion University, Beer-Sheva, using 
the students’ hostels as a pilot system. 

A number of heating/air condition- 
ing systems are being studied. At S'de 
Boger, a whole line of one-room 
‘houses’ has been erected, to permit 
the variation and comparison of the 
structural parameters involved. The 
underlying concept of the S’de Boger 
research is that the development of the 
Negev should guarantee a reasonable 
quality of life for those who settle 
there: comfortable and appropriate 
housing is therefore all-important. 

The storage element in these systems 
is simply a rough-fill of local stones 
and pebbles, which considerably re- 
duces the cost. A somewhat similar 
principle has been tried at the Govern- 
ment Agricultural Research Station at 
Vulcani, for the heating of chicken- 
houses, but with less success; largely 
because chicken-house heating requires 
a series of peaks, rather than a steady 
background heat, and it is difficult to 
work out an economic regime of opera- 
tion. Similarly, solar drying of tobacco 
failed to give the right leaf colour. The 
Vulcani team are not, however, too dis- 
appointed; the research has taught 
them a good deal, they consider, in the 
management of solar energy, and the 
solar drying technique might yet prove 
commercially viable for herbs such as 
oregano and mint. 

Active solar energy systems, produc- 
ing electricity from solar power, present 
a more complex problem. Economically 
speaking, the main problem is the cost 
of the silicon cells. In the USA, invest- 
ments of the order of several hundred 
million dollars have been made in 
attempts to reduce the cost of the cells, 
and have succeded, over the last two 
years, in reducing the effective cost of 
solar-cell electricity from $40 to some 
$12/Watt. 

At the Weizmann Institute. however, 


a different approach is used—high- 
concentration arrays, using plastic 
Fresnel lenses to concentrate the 


sunlight onto small, relatively low-cost 
cells, and a mechanical tracking system 
to keep the array directed towards the 
Sun. 

Over the last five years, considerable 
efforts have been made to incorporate 
the latest technological developments 
into the fabrication of high-efficiency 
solar cells, so that, at present, arrays 
of the Weizmann type can compete 
with small diesel generators. In the 
opinion of Dr Yosef Mandelkorn, by 
1985. the cost of high-concentration 
silicon arrays will be fow enough to 
warrant their use in self-contained 
urban communities away from the 
main centres of population. 

One very interesting development 
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of this kind of array, he added, is the 
possibility of using solar cells for the 
simultaneous supply of electrical and 
thermal (hot-water) energy, by mount- 
ing the cells on a structure of pipes 
through which a heat-exchange liquid 
flows. 

In Dr Mandelkorn’s opinion, use of 
high-concentration arrays could reduce 
the cost of silicon cell power generation 
to $2 to $4/Watt in the very near 
future—-a figure which most experts 
would, he said, consider “realistic”. 

A far more radical approach to solar 
power generation is that of Dr 
Branover of the Ben Gurion Univer- 
sity, Beer-Sheva. His project, which is 
supported by the Israeli Ministry of 
Energy, uses solar power to heat a 
low-boiling point liquid to about 70 to 
80 °C, so that its vapour mixes with a 
suitable liquid metal (mercury, gallium, 
Wurtz metal) and accelerates it to a 
velocity of some 30 to 40 m/sec. 

At this velocity, the liquid enters the 
field of a permanent magnet {about 
0.5 Tesla). Depending on the circuit 
parameters, with this velocity and 
field it is possible to generate a field 
of about 1V with a current strength of 
up to 1,000 A. 

Low temperature magnetohydro- 
dynamic (MHD) generation of this 
kind, says Dr Branover, offers many 
advantages; it has no moving parts save 
the liquid metal, and is hermetically 
closed once for all. By connecting 
several generators in series, it is hoped 
to produce direct current of around 
1,000 A at 10 V, 

Such a power source, says Dr 
Branover, could be used in the chemi- 
cal industry for producing copper, 
magnesium and aluminium. It could 
also be used for charging batteries for 
electric cars, which could change their 
batteries at garages in the same way 
that they now fill up with petrol. This 
would facilitate the change over from 
petrol-driven to electric automobiles 
without disrupting either the infra- 
Structure of garages nor the fiscal 
system (since governments could simply 
tax the batteries instead of the petrol); 
however, this, says Dr Branover, would 
not be practical before about 1990, 
since the onus is on the automobile 


manufacturers to produce a suitable 
vehicle. 

His low-temperature MHD plant 
should, however, be in operation, at 
least at the pilot stage, by 1982: all the 
preliminary calculations are done, and 
work is now going ahead on building 
the model. 

Another imaginative use of solar 
energy aS a power source is based on 
Dunaliella—the only life-form capable 
of surviving in the Dead Sea. This alga 
manages to survive the high osmotic 
pressure by producing glycerol, which 
can amount to 85% of its dry weight. 
Possibilities of the commercial produc- 
tion of Dunaliella are being worked 
out both by the Weizmann Institute 
and the H. Steinitz Marine Biology 
Laboratory (Eilat) of the Hebrew Uni- 
versity. The main problem would ap- 
pear to be the harvesting of the alga; 
possible centrifuge methods are under 
investigation. 

Algae production as a means of 
fixing solar energy is a popular subject 
in Israel, which hosted an international 
conference on the subject at Acco last 
September. One of the most imagina- 
tive schemes, worked out by a team 
from the Technion, headed by Profes- 
sor Gedaliahu Shelef, uses photosyn- 
thesis, bacterial action and algae 
growth to purify sewage by a process 
of aerobic digestion accelerated by 
aeration and flotation techniques. The 
algae is recovered and used as high- 
protein animal feed, and the recovered 
effluent can be used for irrigation. A 
pilot plant is already in operation in 
Haifa; introduction of the process on 
a commercial scale, says Professor 
Sheief, could save the Israeli economy 
the several million dollars a year pre- 
sently spent on the import of soybeans 
and fishmeal. 

The use of essentially natural pro- 
cesses as energy sources seems to have 
a particular appeal to Israelis, both 
from an economic point of view, and 
also, as was frequently pointed out at 
the Intecol conference in Jerusalem 
last September, Israel is geographically 
too small a country to carry an eco- 
logical disaster or major pollution. 

One such process, which is now 
being implemented on a pilot scale in 


Red Sea muds ripe for exploitation 


Derr waters containing hot brine and 
metalliferous muds have been known 
to exist in the Red Sea since the mid- 
1960s. However, exploitation of this 
mud has been hindered by a mild dis- 
pute between Saudi Arabia and Sudan 
over Sovereignty of the Sea, by a lack 
of resources and by the absence of a 
suitable technology for mining it. 

In May 1974 Saudi Arabia and Sudan 
signed an agreement on the joint 
exploitation of the metalliferous mud. 
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Under the agreement the Red Sea is 
divided into three zones: one extending 
westward from the Saudi coast to a line 
where the depth of water is con- 
tinuously one thousand metres; one 
extending eastward from the Sudanese 
coast to a line where the depth of water 
is continuously one thousand metres; 
and a common zone lying between the 
two others. Each country has exclusive 
rights over the area between its coast- 
line and the common zone; in the com- 
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the Negev, is the solar pond. The 
original “solar lake” was discovered in 
1967 in the Sinai, just south of the 
former frontier. It is a brackish water 
lake, with high salinity caused by 
evaporation, into which, during the 
winter, a certain quantity of less saline 
water seeps, forming a top layer. Since 
the lower layers are so dense, no con- 
vective mixing can occur, and accord- 
ingly, under the Sun’s heat the bottom 
waters can reach a temperature of up 
to 60 °C. In an artificial solar pond, a 
suitable heat exchange system can be 
installed, and the heat extracted. The 
Weizmann Institute have even con- 
sidered the possibility of using the Dead 
Sea itself as a solar lake. According to 
their calculations 50 square miles of 
the Sea would provide enough energy 
to double Israel’s water resources by 
utilising the heat produced in a de- 
salination process. 

Perhaps, however, the most imagina- 
tive use of solar power is not as an 
energy source at all, but as a means 
of controlling soil-borne pathogens. In 
a process developd by Professor 
Ja’acov Katan of the Hebrew Univer- 
sity, instead of using pesticides, with 
all their problems of side-effects on 
non-target organisms, biodegradation, 
and the like, the soil to be disinfected 
is simply covered in the summer by a 
sheet of plastic. 

Field tests, taking samples from 
three layers of soil, showed that after 
13 days the pathogens were killed even 
in the lowest layers. Block-randomised 
tests give dramatic evidence of the 
effectiveness of the method, which 
has already, incidentally, been adopted 
by some cotton farmers in the USA to 
control fusarium. 

The main cost of the method is the 
plastic, which deteriorates in the strong 
sunlight and is therefore not reusable. 
Moreover, it is easy to apply—all the 
farmer has to do is to unroll the plastic 
and anchor it firmly. 

It would therefore, says Professor 
Katan, be an ideal method to intro- 
duce in the third world, many 
countries of which share with Israel 
the prime requirement of any major 
solar energy programme-—-a hot climate 
and a clear sky. E 


mon zone both countries have equal 
and exclusive rights. 

The agreement paved the way for 
exploiting the mineral wealth in the 
Red Sea. Almost exactly a vear after 
the agreement was signed, the two sides 
established the Jeddah based Saudi- 
Sudanese Commission for the Develop- 
ment of Red Sea Resources. Each 
country is represented on the com- 
mission by three members; the 
head of each delegation being the 
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ministers of mineral resources. The 
commission is largely funded by the 
Saudis who hope to obtain a good 
return on their investment. 

The commission is mainly interested 
in a 60sqkm area known as the 
Atlantis II deep. It lies midway between 
Jeddah and Port Sudan in the central 
trough of the Red Sea. It is here that 
the metalliferous muds are found. 
These muds contain 17 different metals 
in economic quantities ranging from 
zinc, silver, copper, cadmium, mercury, 
gold to a great deal of iron. The com- 
mission is undertaking extensive sur- 
veys and feasibility studies which are 
expected to be completed by 1981 at an 
overall cost of US $100 million. 

Before mining can begin a number 
of technical problems must be over- 
come. The Atlantis II deep cannot be 
mined with existing technology so the 
commission has had to develop its own 
technology for mining and processing 
the muds. The commission has done 
this with the Bureau de Recherches 
Geologiques et Minieres of France, as 
technical consultants and with the 
assistance of the Arabian Geophysical 
Surveying Company, the Arab League 
Educational, Cultural and Scientific 
Organisation, the German mining com- 
pany Preussag and the Universities of 
Hamburg and Duke. 

Small mountains of the mud, which 


Nuclear power reaches 


A LITTLE girl is playing a recorder by 
a river. A monstrous, jerking man 
closes in on her. She looks up, smiles. 
“Hullo”, she says, “my name is Maria. 
Shall we play?” She picks flowers. They 
throw them into the river. She holds 
out her hands to him. He picks her up, 
and throws her into the river. 

At the interval, two men approach 
me in the foyer. Each wears a T-shirt. 
On one T-shirt I read “nuclear re- 
actor”; on the other, “nuclear 
weapons’, As they go by, I see that 
they are joined by a tape which reads 
“nuclear waste”. 

The drama and the facts of nuclear 
power: nuclear reactors as Franken- 
steinian monsters, and nuclear reactors 
as objects of discussion and debate. 
This is the subject of the most contro- 
versial autumn theatre Stockholm has 
to offer: “The Storm” (“Stormen”). 

Originally billed for a nine-night run, 
but prolonged to more than twice that 
by public demand, “The Storm” is no 
ordinary production. Nearly all of the 
Royal Dramatic Theatre’s 350 staff 
members have had a hand in designing 
the performance, and their enthusiasm 
is reflected in the energy-and-the-future 
exhibitions in the theatre’s corridors, as 
well as in the blinking radiation signs, 
whirling wind vanes and solar panels 
sprouting from its stately roof, 
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consists of a superfine material exist in 
a highly saline, hot environment. The 
system developed to mine the mud in- 
volves agitating it to dilute it with sea 
water, and then sucking it up with a 


hydraulic pump. Special ship-borne 
flotation cells will collect a 5% con- 
centrate of mud in brine. The con- 


centrate will then be carried off to the 
shore for further treatment and metal 
extraction. The method of treatment 
and separation of the metals is claimed 
by the commission to be cost-effective 
with a recovery rate of 95%. 

Pilot experiments on mining and the 
separation of metals have already been 
carried out and further experiments are 
planned. The mining system will soon 
be tested in the North Sea and the 
Mediterranean before final tests begin 
in the Red Sea. A Red Sea pilot test 
is planned for February next year. 

Disposing of mining wastes has also 
presented a serious technical problem. 
Despite the increase in traffic through 
the Suez Canal, the Red Sea is one of 
the cleanest seas in the world. The 
commission is aware that its activities 
could be detrimental to the environ- 
ment and sea life of the Red Sea. 

The main environmental hazards 
will result from the diluted muds 
pumped up and the chemicals used in 
the flotation process being dumped 
back into the sea. It is expected that 


the Swedish stage 
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the pollution would ultimately drift to 
those areas of the Red Sea that are 
rich in marine life. The commission 1s 
undertaking an extensive research pro- 
gramme, monitoring the environment 
and controlling the possible effects of 
this pollution. 

The commission is that, the 
mining and processing technology de- 
veloped for the exploitation of the Red 
Sea, some aspects of pollution control 
technology, have been tailor made and 
may not be applicable elsewhere. Other 
Third World countries, however, can 
learn a great deal from the research 
and development activities of the com- 
mission. It has, therefore, established 
an information and documentation 
centre on the Red Sea. The centre is 
intended to be used primarily by Saud! 
and Sudanese researchers and scholars 
and as a facility for graduate studies 
But it will also be open to researchers 
working on similar problems in other 
parts of the Third World. 


aware 


Production ts expected to begin 
around 1985, the yield being 100 
thousand to 150 thousand tons per 
annum over the next 15 to 20 years 
The present day value of located re- 
serves in the Red Sea is US $2.5-$3 
billion. The Saudis and the Sudanese 


hope to become almost self-sufficient in 
the minerals they extract from the Red 
Sea. Ziauddin Sardar 


Frankenstein : a nuclear reactor on the Stockholm stage 


The audience gathers in the main 
theatre at the beginning and the end 
of the evening, to see two hearings. 
The first of these is being held after an 
accident at a nuclear reactor. Who 
should take the responsibility for the 
accident? Various people are ques- 
tioned. Their answers have been woven 
into a script from their organisation's 
actual official texts. The  reactor’s 
security chief insists that no accidents 
can happen; the man from Asea Atom 
(constructor of reactors) points out 
that his company only made the tur- 


bine, which worked perfectly and had 
nothing to do with the accident; the 
lady from the Radiation Protection 
Institute insists that her institute is re- 
sponsible for radiation protection only 
when the reactors are working pro- 
perly; the State Power Board man can 
only repeat how much the country 
needs nuclear power for its balance of 
payments. The man in the control room 
at the time of the accident had not 
followed his instructions, and he js pre 
pared to admit that he must take some 
of the blame. The message is clear 
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the responsibility is nobody's; there is 
to be one sacrificial lamb. 

The crux of the play comes with the 
second debate : can nuclear power and 
democracy co-exist? The hearing con- 
tinues. More witnesses are called: 
politicians join technocrats. Arguments 
fly. Again, the message is clear: the 
complexity of nuclear technology puts 
it out of the public’s control. Democ- 
racy has yielded to parliamentarism : 
the experts rule. But this can be 
changed if the people demand it. 
Technology, they should insist, must be 
intelligible to those who will be 
affected by it. The people should stand 
up and fight for a non-nuclear society. 

Between hearings, the audience is 
escorted in small groups through mazes 
of corridors, past theatre staff notice 
boards, up and down old staircases and 
under backdrop stores to see some of 
the small plays being simultaneously 
performed in subterranean rehearsal 
rooms. The play I saw transported us 
to Baghdad, where a delegation from 
the International Atomic Energy 
Agency providing ‘‘atoms for peace” 
ended up supplying the Iraquis with 
their own atomic bomb. 

Reactions to the play have only one 
thing in common: passion. ‘Possibly 
the Dramatic Theatre’s most important 
cultural contribution ever” proclaims 
Hannes Alfvén, Nobel laureate and 
nuclear power opponent. ‘‘Monstrous 
lies—the threat to democracy is not 
nuclear power, but a cynical exploita- 
tion of the people’s fear of it’’, declares 
Lars Lundgren of the Central Elec- 
tricity Production Board (CDL). “Two 
things about the play annoyed me 
personally”, adds Bo Kumlin (CDL). 
“One was a very anti-science feeling : 
the idea that science and technology as 
such are bad for the people. This is a 
very negative approach, which really 
has nothing to do with nuclear power. 
The other was that it purposely equated 
nuclear power with nuclear weapons, 
making it very hard for the audience 
.. . to know whether they were talking 
about the one or the other.” 

“We have been criticised for not 
trying to be objective”, explains Jan 
Oqvist, employed as ideas man for the 
production. “But when the theatre 
staff started going to see nuclear re- 
actors for themselves, they were 
shocked. They could not ignore the 
contradiction of the heavy security 
precautions, while the guides kept 
telling them that it was all perfectly 
safe and that nothing could go wrong. 
Then they were infuriated by the atti- 
tude of some of the scientists they 
talked to: ‘Science is our preserve— 
what business have you amateurs got to 
play with it?’ We had to impart our 
experience. The theatre can never be 
neutral.” 

Wendy Barnaby 
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Rocky road to 
funding 





THOMAS H. JUKES 


THE return of rocks from the moon 
by the Apollo expeditions, at consider- 
able expense, gave the geological 
sciences a unique and unprecedented 
opportunity for extraterrestrial re- 
search with all its far-reaching impli- 
cations. Biologists could admire the 
new findings, and try not to be 
envious. However, Nature reported 
on 10 August, page 522, that the con- 
tinued funding of moon rock research 
had been completely blocked by a 
subcommittee headed by Senator 
William Proxmire. 

It has seemed for some years that 
the Senator’s reach for scientific mat- 
ters exceeds his grasp of their signi- 
ficance. However, he is apparently 
alert to the vote-getting potential of 
issues including science. In 1974, he 
was successful in eliminating regula- 
tions that were designed to curb the 
expansion of the “‘health food” indus- 
try into ever-widening horizons of 
vitamin sales. (Incidentally, it seems 
strange that “health foods” need such 
heavy supplementation with vitamins.) 

The FDA had proposed to restrain 
the excessive promotion of mega- 
vitamin usage by requiring the pro- 
ponents thereof to establish its useful- 
ness. The curb would have hit the 
health food stores in the pocket by 
reducing sales of high-potency vita- 
min products. The proposal did not 
affect vitamin pills of lower, but ade- 
quate content, each containing 1.5 
times the recommended daily allow- 
ance. Any amount of vitamins can 
be obtained by swallowing large num- 
bers of such pills. 

Senator Proxmire led the fight in 
Congress against the regulations, and 
he introduced a bill to stop them. The 
bill was opposed by all major profes- 
sional groups concerned with nutri- 
tion, who opined that the “‘Proxmire 
bill” catered to the health food in- 
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dustry and was contrary to the public 
welfare. It passed the Senate by a 
majority of 78 to 11, greatly aided by 
a spectacular letter-writing campaign 
that was mounted by the National 
Health Federation. This commercially 
based organisation sponsors laetrile 
and opposes fluoridation. One of Sen- 
ator Proxmire’s arguments was that 
the recommended daily allowances 
for vitamins had been set artificially 
too low by the Food and Nutrition 
Board of the National Academy of 
Sciences so as to benefit the food and 
pharmaceutical industries. He said 
that these industries had subverted 
the Board by paying its way. The 
argument seemed strange, because if 
the allowances were increased, the 
pharmaceutical industry would sell 
more vitamins, and the food industry 
would add increased amounts to 
foods. 

The president of the Academy 
wrote Senator Proxmire a seven-page 
letter explaining that the Board was 
financed solely by a US Public Health 
Service grant. The letter was un- 
answered, and when I asked the 
Senator why, he told me that it was 
the typical response of a bureaucrat 
who had been caught in a conflict of 
interest. 

The newspapers help Senator Prox- 
mire by publishing what he calls his 
monthly “Golden Fleece” award for 
wasting tax dollars. The award fre- 
quently holds research proposals up 
to ridicule. This is an old-time head- 
line getter. Years ago, a Secretary of 
Defense, Mr Charles Wilson, an- 
nounced that his department did not 
intend supporting research on the 
question of why grass was green. 
Once a congressman made headlines 
by poking fun at an investigation of 
the “lovelife of cockroaches”. This 
was good for a laugh, because it was 
well before the search started for 
pheromones to be used as replace- 
ments for insecticides. 

Last month Mr Proxmire’s target 
was a $5,000 expenditure to exercise 
pregnant pigs on a treadmill. His witty 
comment on this, as reported by Reu- 
ters, was “The folks at U.S.D.A. went 
hog wild on this one. As a result, the 
taxpayers may get stuck with a pig 
in a poke.” 

To a taxpayer, the palatial Russell 
and Dirksen Buildings seem at first 
glance to be sufficiently commodious 
for the U.S. Senate. Better things are 
planned: a new, marble, $135 mil- 
lion palace from which vantage point 
Senator Proxmire, if re-elected. will 
doubtless dispense more pearls of 
wisdom. Perhaps he will bestow a 
Golden Fleece award on the US 
Senate. 
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news and views 


Incipient superfluidity i in normal liquid ‘He 


vam P. V. E. McClintock 


EXPERIMENTS by D. N. Paulson and 
J. C. Wheatley, described in a recent 
issue of Physical Review Letters (41, 
561; 1978) provide the strongest evi 
dence yet that liquid "He anticipates its 
superfluid transition. It seems that, 
when the HUquid is cooled towards the 
transition temperature To, its properties 
first start to deviate from the behaviour 
characteristic of the normal (non-super- 
fluid) quid at a temperature which is 
significantly above To, almost as though 
the liquid somehow ‘knows’ that it is 
about to become superfluid 

At sufficiently low temperatures 
liquid °H does not support ordinary 
compressional soundwaves because the 
collision mean-free-path of the quasi- 
particles which would carry the wave 
becomes longer than the wavelength of 
‘the sound itself: instead, however, 
there is a peculiar collisionless form of 
wave propagation known as zero sound. 
It is this phenomenon which has been 
investigated by Paulson and Wheatley. 
Their experiment amounted, in effect, 
to a very careful study of zero sound 
and, m particular, of its attenuation 
coefficient a, close to To. The attenua- 
tion coefficient, which is defined by 
how rapidly the wave. decreases in 
amplitude as it travels through the 
liquid, is known to depend accurately 
on the square of the temperature T 
when T is well above To; but, at To 
itself a, starts to rise very rapidly, in 
fact almost discontinuously, as T is 
further reduced. What Paulson and 
Wheatley wished to ascertain was 
whether or not any departures from 
the T° dependence could be detected 
Just above To. 

Their experimental cell consisted ofa 
pair of quartz transducers which were 
used, respectively, to excite. and to 
detect the zero sound, thus enabling 
‘measurements to be made of the at- 
tenuation which occurred within the 
12.7mm path -length of liquid He 
which separated them. The cell was 
mounted in a nuclear demagnetisation 
cryostat capable of achieving and 
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maintaining the temperatures near 
imK necessary to induce the super- 
fluid transttion (the exact value of To 
depending on the external pressure 
applied to the liquid). A particularty 
important feature of the experimental 
design, distinguishing it from some 
earlier zero sound cells, lay in the 
thermometry arrangements. 

A paramagnetic susceptibility ther- 
mometer was used but, rather than the 
conventional compressed cylinder of 
powdered cerium magnesium nitrate 
(CMN) crystals, the authors used in- 
stead a cylnder of cerium lanthanum 
Inagnesium nitrate. By replacing 95% 
of the magnetic cerium ions by inert 
lanthanum ions, magnetic interactions 


LES 


110 


Rormalised in such a way that they 
tasiton, © where "T= To and 


= To and 
. Departures of the experi- 
E ints from the horizontal 


between the cerium ions were greatly 
decreased. This substantially reduced 
experimental uncertainties involved in 
converting from the so-called magnetic 
temperature 7* (defined on the as- 
sumption that the temperature is 
exactly inversely proportional to the 
measured susceptibility—which it is 
not) to the absolute Kelvin temperature 
T. To a good approximation, T=7*+A 
where A is the required correction: for 
pure CMN, A is about 0.6 mK; where- 
as, for the diluted CMN used by Paul- 
son and Wheatley, A was found to be 
0.1 mK or less. 

` The importance of an accurate ab- 
solute temperature scale arose from the 
need to look for very small deviations 
from the 7° law as To was approached: 
using pure CMN, a small error in A 
can easily produce the illusion of such 
deviations by introducing a systematic 
error in T. For the diluted CMN, on 
the other hand, A was already so small 


that the possibility of spurious effects 


of this nature could virtualty be 
ignored. 

Some experimental results are shown 
in Fig. 1. The zero sound attenuation 
a divided by T’ is plotted vertically, 
and the inverse of the temperature T is 
plotted horizontally. Both quantities 
have been normalised in such a way 
that they take the value unity at To. If 
there were no deviations from T? 
behaviour above To, the graph would 
follow the dashed horizontal line until 
the transition at To/T = 1 was reached, 
where it would then start to rise almost 
vertically. Clearly, the reality is far 
otherwise: there is a small but quite 
definite excess attenuation, starting 
well above To which grows increasingly 
rapidly as To is approached. 

Comparable behaviour has also been 
seen, although not so clearly, in the 
static magnetisation (Paulson, Kojima 
& Wheatley, Phys. Lett. 47A, 457; 


1974) and in the 


(Parpia, 
et al. Phys. Rev. Lett. 40, 565; 1978). 
In each case, the property seemed to 
start responding to the transition before 
To had quite been reached. The 
‘anomalies’ were, however, a good deal 


‘smaller than in the case of zero sound, 


and they were hard to evaluate pre- 
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cisely because of the thermometry 
problem referred to above. 

The reason why liquid “He behaves 
in this way, apparently anticipating its 
transition, is probably associated with 
the existence of fluctuations: these 
may be pictured as the rapid transient 
formation and disappearance of tiny 
regions of superfluid, even when the 
liquid as a whole remains above Tc. In 
the superfluid just below Tc, a is very 
much larger than for the normal phase, 
so that one consequence of such fluctu- 
ations might indeed be an ‘anomal- 


ously’ large value of a when T is just 
above Tc. The magnetisation and vis- 
cosity change much less dramatically 
below Tc, so that the effect of fluctu- 
ations on these properties just above Tc 
would presumably be correspondingly 
smaller, in agreement with experiment. 
There is, as yet, no quantitative 
theory to describe these phenomena, 
but it seems probable that strenuous 
efforts will now be made towards this 
end—-particularly since studies of the 
corresponding effect in superconduct- 
ing metals have proved so rewarding. 


Conservation in Madagascar 


from Alison Jolly 


THE first international conference 
organised by Malagasy scientists on the 
problems of conserving their unique 
flora and fauna was held recently in 
Antananarivo.* The conference was 
convened to deal specifically with the 
Malagasy lemurs, a group of primates 
unigue to the island. The government 
of the Malagasy Democratic Republic 
has postponed such discussion for the 
past five years for the good reason 
that conflict between shifting agri- 
culture and forest conservation is one 
of the country’s most intractable 
political problems. 

Madagascar is one of the world’s 
biogeographic regions. Of its roughly 
715 vertebrate species, some 575 are 
endemic; so are at least 80% of its 
10,600 flowering plants. Six families of 
plants, four of birds, and five of mam- 
mals are confined to Madagascar. 
Intact Malagasy rainforest, deciduous 
woodland, or spiny desert, where 90% 
of all the species are unique, show us 
Hutchinson’s “‘ecological theatre and 
evolutionary play” with a different cast 
of characters. | 

Giving the keynote address, Joseph 
Andrianamptianina, of the Directorate 
of Water, Forests and Soil Conserva- 
tion, described lemur hunting, and 
habitat destruction by axe and fire: 
slash and burn clearings in the eastern 
rainforest, forest fires for grazing land 
in the dry west. When man reached 
Madagascar little more than a 1,000 
years ago, the island-continent was 
wholly forested. The last full aerial 
survey, begun in 1949 and published 
in 1958, showed 20% forest cover. The 
American states from Maine south 
through Virginia, with the same area 
as Madagascar, have almost twice as 
much forest as Madagascar 20 years 
ago. The rate of clearance has 
accelerated to the point where the only 
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intact forests will soon be those de- 
fended by national action. In spite of 
the scientific importance of Malagasy 
wildlife, and its possible tourist value, 
Andrianampianina concluded, “We are 
perfectly aware that none of our 
suggestions, none of our practical 
advice, will achieve anything .. . for 
the protection of nature, if the people 
do not have land which they can 
cultivate in perpetuity in order to live.” 
Scientific communications at the 
meeting fell into three groups: 
morphological and genetic evolution of 
lemurs, field studies in ‘undisturbed’ 
habitat, and papers which took up 
Andrianampianina’s theme of con- 
servation with its social corollaries, 
Morphologists seemed to concur, for 
once, that the Cheirogaleinae, or 
primitive mouse and dwarf lemurs, 
form a very distinct group from the 
Lemurinae or true lemurs like the 
familiar ringtail, The same picture 
emerged from multivariate analysis of 
limb bones (C. Oxnard, J. McArdle, R. 
German, Chicago; F. K. Jouffroy, 
Museum Nationale d'Histoire Naturelle, 
Paris), from the pelvic girdle (C. Berge, 
MNHN, Paris), the skull (N. Petit- 
Maire, CNRS, Marseille), and finger- 
print analysis (B. Rakotosamamina, 
Ministry of Higher Education and 
Scientific Research, Madagascar). This 
could mean that the Cheirogaleinae 
will eventually be elevated to family 
status, which would give Madagascar 
four primate families of its own, with 
the Lemuridae, the leaping Indriidae, 
and the Daubentoniidae. (Of course, 
Daubentonia, the preposterous aye-aye, 
may be extinct by then.) Randria- 
manantenina (University of Antanan- 
arivo) presented a new analysis of the 
subfossil genera of giant lemurs which 
disappeared about 1.000 years ago with 
the coming of man. She showed that 
extinct lemurs were robust in alo- 
metric proportion to their size, which 
suggests that there were no agile 
brachiators among them. Comparing 
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limb and vertebral indices confirms 
Walker’s view that Megaladapis was a 
koala-like clinger, but Paleopropithecus 
may have hung upside down like a 
sloth. H. Hemmer (Mainz) discussed 
brain size in Lemur and W. Padushka 
(Vienna) the evolution of primate scent 
marking from ancestors like the 
Malagasy insectivores. 

Chromosome and serum transferrin 
studies indicate that both Lemur and 
Lepilemur are in the course of active 
speciation (J. Buettner-Janusch, New 
York University: Y. Rumpler, Stras- 
bourg; J. Andrianivo, Hôpital Gerard et 
Robic, Madagascar). Each is highly 
polymorphic in chromosome number, 
with some genetically isolated species 
such as Lemur macaco or Lepilemur 
septentrionalis which are no more dif- 
ferent in morphology than the many 
races or local variants of interbreeding 
forms. Buettner-Janusch suggests that 
much of the molecular and chromo- 
somal variation has arisen in the past 
thousand years, since the Malagasy 
central plateau was cleared, leaving a 
ring of semi-isolated lemur populations 
round the coast. Coulanges (Institut 
Pasteur, Madagascar) reviewed the 
literature on lemur disease. Their 
physiology differs from other primates: 
they are apparently immune to polio 
and to falciparum malaria. It is not 
known what role lemurs have in the 
transmission of other malarias, or 
whether the fact that there is no yellow 
fever on Madagascar is due to lemurs’ 
immunity, to the ecology of the local 
Aedes mosquito species, or to luck. 

Field studies dealt with comparative 
ecology and behaviour of nocturnal 
lemurs in a highly seasonal western 
forest (J-J. Petter, E. Pages, MNHN, 
Brunoy), with separation of lemur, bird 
and insect calls by time or pitch such 
that each species has its own ‘acoustic 
niche’ (L. McGeorge, Duke University, 
North Carolina), and with foraging 
strategies in Indri (J. Pollock, Uni- 
versity of Cambridge). Pollock’s indri 
even draped themselves on a branch 
and sang their air-raid siren territorial 
wails in front of forty conference mem- 
bers, which should infuriate all natural- 
ists who have spent days hunting indri 
in vain. The field work for all those 
studies, however, was done before the 
Malagasy Republic suspended research 
visas for foreigners in 1974. Recently 
M. Razarihelisoa, R. Albignac, and 
their students at Antananarivo Uni- 
versity have embarked on a study of 
Avahi, the woolly lemur. Avahi is 
nocturnal, lives in pairs in well-defined 
territories, and eats only leaves. To 
judge by the conference field trip its 
movements are as predictable as the 
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teddy-bear it resembles The study site 
is an effectively protected forest, a 6 
hectare remnant inside the plantation 
of a paper mill, which has helicopters 
for fire-fighting. That tiny Avahi 
population may survive, just as white 
sifaka and ringtailed lemur populations 
have remained stable since 1963 in the 
privately protected 100-hectare reserve 
at Berenty. Lemurs are relatively small 
and sedentary mammals, so it may be 
that the minimum critical size of an 
effective lemur reserve is modest in 
terms of each species. Larger scale 
reserves, are needed, instead, to save a 
representative sample of all the forest 
types, from rainforest to the thorn- 
studded, arid, Euphorbla forest of the 
south. 

As for direct conservation action, 
Antananarivo University has just 
founded a field station with a reserve 
fenced and guarded on the Berenty 
model. This is a cooperative project 
with Yale and Washington (St. Louis) 
Universities, financed through the 
World Wildlife Fund and set up by 
Guy Ramanantsoa (Antananarivo), the 
conference organiser. After consider- 
able difficulty in finding a local com- 
mune which would permit a reserve on 
its land, he at last chose a stretch of 
gallery forest in the south, where the 
local commune welcomed university 
involvement. This 100-hectare field 
laboratory is particularly important 
because it has adequate funds. It is, of 
course, trivial in scale compared to the 
470,000 hectares of designated wilder- 
ness reserve which the government has 
no funds to protect. When Bruno 
Ratovomboahangy, one of Ramanant- 
soa’s students, described the plight of 
the rare black sifaka, a race clearly 
doomed to extinction because its last 
shred of forest is being cleared, J. 
Manambolona (Antananarivo), the 
session’s chairman, pointed round the 
room to four government officials and 
declared, ‘This is exactly why we are 
met, and this is what you must cure! ” 

Rabe Rafael, Director of Water, 
Forest and Soil Conservation, presented 
a detailed proposal for protection of 
the 580,000 ha of national parks and 
reserves. He asks for funds amounting 
to £1.2 million. Less than half that sum 
would be for the strict forestry needs 
of personnel and equipment. The other 
half would go toward formulation of 
land-use plans and to developing agri- 
cultural alternatives for people Living 
around each reserve. 

There is now increasing international 
awareness that the social and economic 
benefits of conservation are inextric- 
ably involved with any park plan. If 
UNEP, the IUCN, and other inter- 
national bodies aid ecologically rational 
development in Madagascar, they could 
help the Malagasy Republic to save a 
unique portion of the world’s scientific 
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heritage. If not, the Malagasy will 
conclude that rich countries only find 
money to fly their own scientists to 
conferences. Western knowledge will 
seem as partial as the expertise of “‘the 
man who wears a loincloth that is 
falling to pieces—he knows exactly 
how to put it on and how to take it 
off.” 

And if nothing is done, the peasants 
who now roll back the forest will have 
the same problems in 10 years’ time 
that they do today: eroding watersheds, 
sterile soil, dwindling firewood supplies. 
The only answer then will be planted 
pines or eucalyptus. The option of 
saving the Malagasy forest communities 
and hundreds or even thousands of 
Malagasy species will be gone. O 


Halophilic ribosomes 


from Richard Brimacombe 


COMPARISON of ribosomes from dif- 
ferent organisms provides a promising 
approach to the problem of understand- 
ing ribosome structure and function. 
Several laboratories are engaged on 
amino acid and nucleic acid sequencing 
of ribosomal components and are grad- 
ually piecing together the information 
to make such comparisons. One ex- 
ample is recent work on the ribosomal 
proteins of the extreme halophilic bac- 
terium Halobacterium  cutirubrum 
which has come up with some 
intriguing results. Matheson ef al. (in 
Halophilic Microorganisms (ed. Caplan) 
Elsevier/North Holland Biomedical 
Press (in the press)) have compared 
the amino acid sequences of the acidic 
ribosomal proteins—the A proteins— 
from a variety of halophiles ranging 
from moderate to extreme. These A 
proteins are those that seem to cor- 
respond with proteins L7/LI2 in 
Escherichia coli. 

The ribosome of H. cutirubrum has 
been of interest for some years. 
Whereas the RNA and protein com- 
ponents are similar in size and number 
to those of E. coli, the proteins are 
very much more acidic (Bayley & 
Kushner J. molec. Biol. 9, 654; 1964). It 
follows that two-dimensional gel 
electrophoresis gives little ctue to 
which HA. cutirubrum proteins cor- 
respond to which E. coli proteins, and 
the two organisms are sufficiently un- 
related that comparison of N-terminal 
amino acid sequences is also not very 
helpful. So Matheson ef al. have 
restricted their comparative study to 
the proteins apparently equivalent to 
E. coli L7/L12 (L20 in R. cutirubrum), 
and to those proteins which bind to 
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5S RNA. E. coli proteins L7 and L12 
differ only in the presence of an N- 
terminal acetyl group on L7, they are 
distinguished by being the most acidic 
proteins in the 70S ribosome, and the 
only proteins present in multiple copies 
(three to four per 70S). These protems 
are functionally important, notably in 
GTP-dependent processes, and are 
interchangeable between ribosomes 
from unrelated organisms such as E. 
coli and yeast (for review see Moller 
in ‘Ribosomes’, Cold Spring Harbor 
Press, 711, 1974) 

The complete amino acid sequence 
of E. coli L12 (EL12) has been known 
for some time (Terhorst et al 
Eur J. Biochem. 34, 138; 1973), and 
Matheson ef al. find that, whereas the 
amino acid sequences of the equivalent 
proteins from moderate halophiles are 
very similar to that of EL12, the 
sequence of L20 from A. cutirubrum 
(HL20) (which is now complete except 
for an unordered highly acidic region 
between residues 78 and 106) has some 
very interesting similarities and differ- 
ences. A simple comparison of the 
amino acid compositions shows that 
in HL20 the lysine content has dropped 
drastically from 13 residues to 1, and 
there is a corresponding increase of 
7 to 22 in aspartic acid residues. 60% 
of the protein is in fact composed of 
aspartic acid, glutamic acid and 
alanine Further, methyl lysine (present 
in EL12) is absent, and the valine 
content is reduced, whereas at the 
same time two tyrosine residues (ab- 
sent in EL12) make an appearance. 
Nevertheless, despite these very large 
differences, there are still distinct 
regions of homology between the 
E. coli L12 and H. cutirubrum L20 
sequences, 

The first of these is a region of 
about 18 amino acids near the N- 
terminus of HL20 (positions 12-30). 
which shows a high degree of similarity 
to EL12, not in the N-terminal region 
of the latter, but in the middle of the 
sequence (positions 46-62). Another 
characteristic region, which is very rich 
in alanine, is observed in the JH. 
cutirubrum protein (positions 57-67, 
with nine alanines). This region is C- 
terminal with respect to the homolog- 
ous region just mermtioned, whereas the 
corresponding alanine-rich region in 
EL12 (positions 3442, with eight 
alanines) is on the N-termmal side. 
Thus the two homologous regions are 
inverted, and the whole N-terminal 
region of the E coli protein seems 
to have completely vanished from the 
H. cufirubrum protein. In addition the 
basic area of ELI2 (positions 57-84) 
has disappeared in HL20, the latter in 
tum showing a highly acidic C- 
terminal region (positions 70-112) 
which has no equivalent in EL12 

The sequence of H. cutirubrum L20 
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shows less homology with the moderate 
halophiles than it does with E. coli, 
suggesting that the extreme halophile 
has not evolved from the moderate 
halophiles. Indeed a comparison with 
the N-terminal sequences of the cor- 
responding N-terminal sequences from 
two eukaryotic organisms Artemisia 
salina and Saccharomyces cerevisiae 
(Amons et al. FEBS Lett. 81, 308; 
1977) shows a high degree of homology 
with HL20 in the first 11 residues, in- 
cluding the two tyrosine residues men- 
tioned above. It seems therefore that 
the extreme halophile has both pro 
and eukaryotic character, an idea 
which is supported by the studies on 
the N-terminal sequences of the 5S 
RNA-binding proteins reported by 
Matheson ef al. as well as by the 
sequence of the H. cutirubrum SS RNA 
itself. Matheson ef al. draw attention 
to the recent work of Magrum er al. 
(J. molec. Evol. 1141, 1: 1978). which 
places the extreme halophiles in the 
Archaebacteria, primitive organisms 
which are little related to either pro 
or eukaryotes. 

The amino acid sequence data are 
interesting in themselves, but there is 
another aspect of the H. cutirubrum 
ribosome which is equally important in 


comparative studies, namely the halo- 
philic property itself. H. cutirubrum 
ribosomes require at least 3.4 M KC] 
and 100 mM magnesium for stability, 
a condition under which ‘normal’ (that 
is E. colt) ribosomes would lose a sub- 
stantial amount of their protein. Con- 
versely, under the low salt conditions 
used for protein synthesis with E. coli 
ribosomes, the H. cutirubrum ribosome 
loses much of its protein (Bayley 
J. molec. Biol. 15, 420; 1966). L7/L12- 
type proteins have a very high a-helix 
content, and have alanine-rich se- 
quences similar to those in motile pro- 
teins (Amons er al. FEBS Lett. 86, 
282; 1978). In the case of HL20, the 
instability of the ribosome at low salt 
concentration can be at least partly 
related to this factor, since Matheson 
et al. find that HL20, unlike EL12, 
loses most of its helicity at salt con- 
centrations below 2 M. 

Thus, H. cutirubrum 20 is a pro- 
tein which is part eukaryotic. part 
prokaryotic; the prokaryotic region of 
the amino acid sequence is back-to- 
front, and the protein has tc function 
in a ribosome whose salt requirements 
are upside-down. The system offers 
fascinating possibilities for comparative 
studies of structure and function. O 


Plant cells without walls? 


from Jeremy Burgess 


ISOLATED plant protoplasts are emerg- 
ing slowly from their former state as 
an interesting curiosity and a subject 
for speculation to a new level of use- 
fulness as a research tool, with their 
main application in virology and cell 
wall studies. Protoplasts are particul- 
arly valuable to the plant virclogist as 
synchronous infection of a high per- 
centage of a population can be easily 
achieved. This allows the study of the 
sequence of events as an infection 
develops in a way which is all but 
impossible using whole plants. For cell 
wall studies, protoplasts offer a rare 
chance of access to a naked plant cell 
plasma membrane which will, in some 
species at least, produce a functioning 
wall structure after only hours or 
days of culture. 

One assumption underlies all this 
work on protoplasts, and it is now 
being brought into question. This is 
that a protoplast behaves as a plant 
cell without a wall. Mechanically this 
definition is certainly correct, but is 
it accurate in a biological sense? If it 
is not, and results obtained with pro- 
toplasts cannot be applied to whole 
plants, then the usefulness of the 
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protoplast as a model system is under- 
mined. 

The problem arises out of the way 
in which protoplasts are prepared. In 
brief, a tissue such as a leaf is first 
immersed in a concentrated solution 
of a sugar to which the plasma mem- 
brane 1s impermeable. This causes the 
protoplast to shrink away from the 
wall which bounds it, as water is with- 
drawn by osmosis. Once plasmolysis 
has occurred, the wall is enzymatically 
digested away. 

The protoplasts are released into 
suspension as individual units stabilised 
against bursting by the sugar solute. 
So during its preparation the proto- 
plast has been partially dehydrated; the 
connections between adjacent cells in 
the tissue, and between each cell 
plasma membrane and its surrounding 
wall have been severed and the cell 
wall has been removed. Naturally it 
was the third of these processes which 
concerned early workers with proto- 
plasts. Now it seems that not enough 
attention has been paid to the effects 
of the other two. 

Several recent papers have cast 
doubts on the assumption that freshly 
isolated protoplasts behave simply as 
plant cells without walls. Ruesink 
(Protoplastes et fusion de Cellules 
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Somatigques Vegetales, 41, CNRS, 
1973) has shown that leucine uptake 
by plasmolysed protoplasts is drastically 
inhibited compared with intact cells. 


Racusen, Kinnersley and  Galston 
(Science 198, 405: 1977) examined 
electrical potentials in normal and 


plasmolysed tobacco leaves as well as 
protoplasts. They were able to show 
that plasmolysis results in the normal 
negative potential within the cell being 
converted into a small positive one. 
If the protoplasts were cultured for 
10-14 days, those which reformed a 
cell wall also regained the negative 
potential. By contrast. protoplasts of 
maize which failed to produce a func- 
tional cell wall in culture also failed 
to regain the normal negative potential 
(Kinnersley, Racusen & Galston 
Planta 139, 155: 1978). Changes in 
levels of protein synthesis and photo- 
synthetic rates also occur in plasmo- 
lysed cells. These effects of plasmolysis 
on the general vitality of protoplasts 
are. not immediately reversed. Premecz 
et al. (Plant Sci. Lert. 9, 195: 1977) 
used RNase levels as a measure of 
response to stress and found that the 
concentration of plasmolysing solution 
used affected the time taken for the 
recovery of normal physiology. It 
seems clear that the initial plasmolysis 
and the subsequent culture in a con- 
centrated sugar solution both present 
the protoplast with a stress which alters 
much of its biochemical behaviour 
compared with the normal plant cell. 
Thus freshly isolated protoplasts 
Should not be regarded as plant cells 
without walls, but as a stressed system 
reguiring a recovery period. For 
example, we have shown the need for 
such recovery period in the case of 
cell wall growth on tobacco leaf pro- 
toplasts (Burgess ef al. Planta 139, 
85; 1978). Although on first isolation 
an 8-hour lag precedes visible wall 
formation. subsequent removal of this 
wall without imposing additional 
osmotic stress on the protoplasts 
allows a new wall to begin to form 
within 12 minutes. 

There is no doubt that in the long 
term (a period measured in days rather 
than hours). protoplasts from many 
sources can completely overcome the 
effects of asmotic stress. Whole plants 
have been grown from single proto- 
plasts in a handful of species, and 
many others will regenerate walls and 
divide. even if the cells subsequently 
fail to differentiate into organised 
tissue. However, most of the current 
interest in protoplasts is centred on the 
initial minutes or hours following 
isolation. This ts the period when they 
are amenable to virus infection, when 
fusion frequencies are at their highest. 
and when the first cell wall components 
begin to be secreted across the mem- 
brane. That this is a period of high 
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stress for the protoplast should not 
be overlooked. One area of growing 
interest is the isolation of the plasma 
membrane to examine its properties 
with regard to the synthesis of cell 
wall components, and also its inter- 
action with virus particles. For results 
from this kind of study to have mean- 
ing in the context of the intact plant 
cell, allowance must be made for the ef- 
fects of osmotic stress and dehydration. 
At present there seem to be two ways 
of minimising these difficulties. The first 
is to use a second enzyme treatment on 
protoplasts which have recovered for a 
few hours in culture. This approach, 
however, assumes that the protoplasts 
will recover. The second way might 
be to ensure that the cell is not so 
greatly stressed initially. Colman and 
Mawson (Z. Pflanzenphysiol. 86, 331; 
1977) have found that gradual plas- 
molysis of leaf tissue is necessary for 
the isolation of photosynthetically 
active cells. Such a refinement in 
technique applied to protoplast isolation 
might well increase the range of species 
which will respond to culture. Any im- 
provement in the physiology of freshly 
isolated protoplasts ts to be warmly 
welcomed. O 


Nucleon-nucleon 
interactions 
from a Correspondent 


THE study of the forces between free 
nucleons, at energies not much greater 
than their rest masses, falls between 
the present interests of nuclear struc- 
ture and of elementary particle physics. 
Administratively this is awkward and 
in Britain nucleon physics is neither 
popular nor lavishly funded. However, 
since the ‘meson factories’ in several 
Other countries began operating a few 
years ago there has been a resurgence 
in studies of this fundamental inter- 
action, which is now sufficiently well 
understood that we are on the verge 
of an accurate and coherent account 
of the properties of light nuclei, and 
of the simplest processes of meson 
production. These facts, which had 
been hinted at a year ago at the Van- 
couver Conference on the Nucleon— 
Nucleon Interaction, emerged clearly 
at a recent meeting in Graz*. ` 

At all energies up to about 400 MeV 
proton—proton elastic scattering is ac- 
counted for by the exchange of virtual 
mesons, together with a set of un- 
ambiguous and well-determined phase 
shifts in the S and P partial waves. 





-are due to measurements 


The fine details of this phenomenology 
at small 
scattering angles by R. Hess’s group 
from the University of Geneva, who 
have measured a variety of spin-depen- 
dent variables at SIN, Switzerland; 
and from similar measurements, over 
a wider angular range, performed at 
TRIUMF, Vancouver, by the 
BASQUE group (D. V. Bugg et d; 
Queen Mary College, London; - Univer- 
sity of Surrey; Universities of British 
Columbia and Victoria). So well are 
these data described by boson ex- 
change potentials (as developed, for 
example, by R. Vinh Mau’s group at 
IPN, Orsay) that, in the opinion of 
G H. Thomas (Argonne National 
Laboratory) no further measurements 
of this type are required. 

Until very recently the correspond- 
ing neutron-proton data have been 
of poor quality, the experiments being 
more difficult and the available neutron 
beams less intense. At Graz, new 
measurements of triple scattering 
parameters were reported by the 
BASQUE group (D. V. Bugg et dl; 
and of the differential cross section 
for charge exchange, by both E. 
Réssle’s University of Freiburg group, 
working at SIN, and a LASL/Texas 
A & M/University of Texas team at 
LAMPF, Los Alamos (B. E. Bonner 
et al). The remarkable agreement 
between the two sets of cross sections 
disposes of the long-outstanding un- 
certainty about this quantity. The 
quality of these data, and of the 
BASQUE measurements, is now as 
good as the proton-proton data, and 
ilustrate the capabilities of the ac- 
celerators at TRIUMF, SIN and 
LAMPF. 

The BASQUE measurements have 
been incorporated in a number of 
partial wave analyses, and as R. A. 
Bryan (Texas A & M) showed, not 
only are the isosinglet phases now 
unique below 400 MeV, but the 
theoretical interpretation has altered 
significantly in the past year to give 
excellent agreement with the new data, 
This is seen, not only in the work of 
Vinh Mau’s group, presented at Graz, 
but also in some recently-published 
work by the University of Florida 
group (Veda & Green Phys. Rev. C18 
337; 1978). Likewise, near 50 MeV, a 
careful set of measurements by F. P. 
Brady et al. (University of California, 
Davis) has clearly exposed the in- 
correctness of earlier data, which had 
previously been an embarrassment to 
the theoreticians. 

With such excellent understanding 
of elastic nucleon—nucleon scattering, 
the way is now open to incorporate 
these theoretical models into the po- 
tentials used in nuclear structure cal- 
culations. This was made clear in a 
lucid review by K. Hollinde (Bonn 
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University). Incidentally, the perennial 
fear that off-mass-shell effects may 
dominate such many-body systems 
seems groundless; the considerable 
effort devoted to nucleon-nucleon 
bremsstrahlung has failed to turn up 
any evidence for gross departures from 
elastic amplitudes. Though off-mass- 
shell effects exist (they are needed, for 
example, to account for the cross- 
section for the capture of thermal 
neutrons on hydrogen), they are clearly 
weak at the energies considered here. 

At higher energies, uncertainties 
multiply. Are there reasonances in 
one or more partial waves, for example 
the "Fy and ‘Dy, as N. Hoshizaki 
(Kyoto University) has suggested in a 
recent preprint? The phase-shift 
analyses are ambiguous above the 
inelastic threshold. Using a coupled 
channel approach, E. Lomon (Mass- 
achusetts Institute of Technology) was 
able to relate the BASQUE data below 
500 MeV to possible reasonances above 
this energy. Di-baryon resonances can 
appear in quark models, and this was 
discussed in several contributions, such 
as those of J. J de Swart (Nijmegen) 
and C. de Tar (MIT). What is needed 
are better experimental data on spin- 
dependent amplinides near 1 GeV, and 
so far only the ZGS at Argonne has 
provided this. The untimely shutdown 
of the ZGS next year will leave 
Saturne I, the revamped accelerator 
at Saclay, alone m this field, and the 
nucleon-nucleon programme there, 
under F. Lehar, should be of great 
interest. 

The key to our understanding lies 
in the inelastic processes. J. A 
Niskanen (University of HelsinkD has 
developed a model of pion production 
in p-p scattering which goes well be- 
yond the simple Mandelstam model of 
25 years’ standing, by incorporating 
explicit isobar components into the 
nucleon configuration G. Jones (Uni- 
veraty of British Columbia) reported 
on measurements from TRIUMF which 
were in strikingly poor agreement with 
Niskanen’s model. But Mandelstam’s 
mode] itself is inherently unsatis- 
factory; it predicts that pion produc- 
tion in n-p collisions is due only to 
the isovector part of the amplitude. 
E. Réssle’s group presented data taken 
at SIN which seem to contradict this, 
though the experiments, and their 
interpretation, are difficult. Their 
results, and those of Jones, also show 
compelling evidence for d-wave pion 
production, even very close to threas- 
hold. 

If the scattering states of two nu- 
cleons are so well understood, why 
is the admixture of D-state in the 
bound system, the deuteron, so poorly 
known? The answer is that the D-state 
arises from a tensor coupling, which 
is due to the exchange of rather heavy 
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mesons which evoke short range 
forces; and the interaction at small 
distances (< 0.8 fm) is not well under- 
stood. M. Fiedeldey (Pretoria) showed 
that several ingenious suggestions for 
enhancing the experimental sensitivity 
to the D-state were impracticable, 
though D. Roger et al. (CEN, Saclay) 
showed that the quasi-free electron 
scattering experiments now com- 
mand the accuracy needed for the task. 
It remains a tantalising problem. 
Neutron—deuteron backward scatter- 


ing was studied by Bonner’s and 
Rossle’s groups at Los Alamos and 
SIN. Their data again agreed well, 
and the interest here was in a de- 
parture of the cross section from a 
smooth exponential near 180°. This 
unexpected behaviour occurs between 
380 and 650 MeV. No doubt by the 
next Conference in this series, 
scheduled for 1980 at Eugene, Oregon, 
explanations will have been proposed: 
new puzzles will also have arisen in this 
exciting, and exacting, field. E 


Rats, pigs and men in New Guinea 


from Robert M. May 


Man’s impact on the New Guinea 
highlands dates back five or six 
thousand years, when widespread de- 
velopment of a shifting slash and burn 
agriculture led to substantial forest 
clearance, and, at the same time, the 
domestic pig was introduced (Bulmer 
J. Soe. Océan. 31, 7: 1975). Over the 
subsequent millennia, patterns of seden- 
tary settlement gradually emerged. 
Major disturbance of habitats is, how- 
ever, probably relatively recent, stem- 
ming from the introduction of the 
sweet potato (Ipomoea hatatus) as a 
major food crop some 300 to 400 years 
ago; this innovation led to increases in 
population density and to the develop- 
ment of intensive pig-keeping at higher 
altitudes. 

The most conspicuous change 
wrought by human activities in the 
New Guinea highlands is the replace- 
ment of forest by grassland, maintained 
by intermittent burning. These increas- 
ing areas of man-made grassland exist 
in a flux of various successional stages, 
as old gardens or village areas are 
abandoned and new ones created. The 
associated long-term changes in the 
distribution of animal species are 
shown by recent archaeological studies. 
One revealing study is from a site at 
Aibura, in the Eastern Highland Divi- 
sion, where it can be seen that over the 
past 1,000 years the forest-dwelling 
phalangerines (for example, Phelanger 
or cuscus species) have declined while 
the grassland pademelon (Thylogale, a 
relative of the rock-wallaby) has con- 
commitantly increased (White, Ol 
Tumbuna:; Terra Australis No. ?, 
Australian National University, 1972). 

A particularly detailed account of 
the present-day distribution patterns of 
seven species of terrestrial rats in re- 
lation to the changing habitat in the 
New Guinea highlands has recently 
been given by Dwyer (Aust. J. Ecol. 3, 
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213; 1978). The seven species all belong 
to the Old World family of murid 
rodents, four from the genus Rattus 
and three from Melomys, as tabulated 
below. The ‘productivity index’ is a 
measure of the intrinsic capacity for 
population growth of the species, which 
Dwyer computes by multiplying the 
mean litter size by the average propor- 
tion of females (above minimum adult 
weight) that are in breeding condition. 
By thus using the proportion of adults 
that are breeding, Dwyer takes some 
account both of the number of litters 
per year and of the age structure; the 
quantity is, moreover, weighted to 
allow for differences between wet and 
dry seasons. 





Species Productivity 
index 
R. exulans 2.10 
R. ruber 1.74 
M. rufescens 1.18 
R. verecundus 0.94 
M. levipes 0.60 
R. niobe 0.42 
M. rubex 0.35 


As a very crude generalisation, we 
might expect the successful species in 
the relatively more disturbed and un- 
predictable grassland habitat to tend 
towards the ‘r-strategy’ of “high repro- 
ductive rates, short life spans, large 
population size, .. . and broad, often 
cosmopolitan distribution” (Grassle & 
Saunders Deep Sea Res. 20, 643; 1973), 
while the successful species in the rela- 
tively undisturbed and predictable 
forest habitat may tend towards the 
opposite ‘K-strategy’ (for more full ex- 
position of these notions, see Nature 
257, 737: 1975; 267, 394; 1977). Indeed 
Felming (Ecology §§, 555; 1974) has in- 
terpreted the life history strategies of 
two species of heteromyid rodents in 
Costa Rican rainforests in this light: 
Liomys salvini in the seasonal highland 
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forest as an r-strategist and Heteromys 
desmarestianus in the season-free low- 
land forest as a K-strategist. Similarly 
Freeland (thesis, Queensland Univer- 
sity, 1972) has suggested that two 
murids in a subtropical Eastern Aus- 
tralian rainforest coexist by virtue of 
Rattus fuscipes exploiting an r-strategy 
keyed to environmental features that 
are unpredictable while Melomys cer- 
vinipes is adapted to relatively pre- 
dictable features. If these simple ideas 
are to apply to Dwyer’s more compli- 
cated seven-species system, we expect 
the habitats to manifest a decreasing 
degree of disturbance as we run down 
the species list in the table above; that 
is, we expect the ‘productivity index’ 
to be significantly larger in more dis- 
turbed habitats. 

Dwyer shows this is indeed so. His 
extensive trapping studies in the Mt 
Erimbari-Mt Homo region at the wes- 
tern boundary of the Eastern Highland 
Division of Papua New Guinea show 
that the short grass communities 
(which are created and sustained by 
man) support only R. exulans. Notably, 
this is the only species on the list that 
also lives in houses. Miscanthus com- 
munities represent a later successional 
stage that is still short grass, and they 
are also largely under human control: 
here are found R. ruber and M. 
rufescens. R. verecundus and M. 
levipes are found in the extensively dis- 
turbed oak-dominated forests of Mt 
Homo, and R. verecundus and M. 
rubex occur together in the lower and 
more disturbed forests of Mt Erimbari; 
R. verecundus is more tolerant of areas 
regularly disturbed by pigs. High on 
Mt Erimbari, M. rubex and R. niobe 
are found together where disturbance 
by humans and pigs is least. The few 
trappings of R. niobe below 2,400 m 
were from well-protected sites. R. 
niobe, in particular, seems to need 
dense cover of the kind that is incom- 
patible with piggly attention; the exist- 
ence of this species elsewhere in high 
(and undisturbed) grassland and in 
forests at lower altitudes shows that 
neither altitude nor vegetation alone 
confine it within the narrow bounds 
observed in Dwyer’s study area, Other 
aspects of the distributional ecology 
also fit the scheme: the density of R. 
exulans in grassland was 20 per ha, and 
of R. niobe and M. rubex on an equal 
grid in mixed forest were 8.0 and 4.6 
respectively; the mean monthly sur- 
vival probability for R. exulans in 
grassland is around 0.77, and for R. 
niobe and M. rubex in mixed forest it 
is 0.90 and 0.92 respectively. In short, 
these gross patterns of distribution cor- 
relate remarkably well with the ‘pro- 
ductive index’ tabulated above. Insofar 
as there are discrepancies, they are 
that for a ranking based on habitat, R. 
verecundus might rank below M. 
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levipes, and the reclusive R. niobe 
below M. rubex; these departures are 
easily rationalised by appeal to dif- 
ferences between genera (for example, 
each Melomys is larger than its Rattus 
partner) 

Additional support for the idea that 
the distribution patterns are governed 
by the amount of disturbance by man 
and pigs comes from the archaeological 
record. White’s (op. cit.) excavations 
have shown a marked increase in the 
representation of small rodents in the 
upper horizons of his site. Tooth 
measurements suggest that the three 
species present are R. niobe, R. exulans 
and R. ruber; of these, the first is 
found only in lower levels, the second 
only in the top level, while the third 
increases over time in step with in- 
creasing signs of human activity. 

Dwyer concludes ‘that the local 
diversity of small terrestrial rodents in 
rain forests of densely populated areas 
of the New Guinea highlands was 
higher in the past than it is today and 
that reduction has been a consequence 
of habitat disturbance by men and 
pigs producing a smaller, less continu- 
ous, area of rainforest and simplifi- 
cation of ground cover. The pattern of 
local species distributions is now domi- 
nated by gross disturbance effects with 
the more opportunistic of rainforest 
species found in the most disturbed 
rainforests. Some species may have 
dropped out of local faunas ” He also 
suggests that some aspects of the dis- 
tribution patterns of the montane avi- 
fauna of New Guinea (as extensively 
studied by Diamond and others) may 
be associated with recem disturbances 
rather than with “long term ‘island 
equilibrium’ effects. In common with 
many other workers, Dwyer sees dis- 
turbance as important in promoting and 
maintaining species diversity, easentially 
because it enlarges tHe number of dif- 
ferent roles in the evolutionary play. 
But severe disturbance, of a kind out- 
side the evolutionary experience of the 
ecosystem, will make for less diversity. 


The asthenosphere 
as point defect zone 


from Peter J. Smith 


AT depths in the Earth of somewhere 
between 75km and 250 km there is a 
layer perhaps some 75-150 km thick in 
which seismic velocity is slightly lower, 
and seismic attenuation is rather 
higher, than in the regions immediately 
above and below. Any uncertainty im- 
plich in this statement arises because 
the depth and thickness of the layer, 
which may in any case be variable, 
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have not been determined everywhere 
and because, even where experiments 
have been carried out, the boundaries 
of the layer are often diffuse. Never- 
theless, there seems little doubt that 
this ‘low velocity layer’ exists in some 
form beneath most of the Earth’s sur- 
face. Moreover, the layer is now 
usually equated wih the asthenosphere, 
the semi-mobile zone which allows the 
rigid tectonic plates of the overlying 
lithosphere to move. 

But accepting the identity of the 
asthenosphere and the low velocity 
layer, what is the physical cause of the 
mobility, the lower velocity and the 
higher attenuation? The majority 
answer is partial melting of peridotite. 
Suggestions about the nature of the 
cavities in which the melt fraction sup- 
posedly resides have included spherical 
pores, coin-shaped cracks and tubular 
channels; and estimates of the amount 
of partial melting accordingly required 
to account for the seismic observations 
have ranged from about 6% to 0.1%. 
Whatever the cavity shape, the degree 
of partial melting required is ap 
parently low; and so if the low velocity 
zone were purely a static phenomenon 
there would be little to choose between 
models. 

The reality is more complicated, 
however, for the molten material can 
evidently flow, which means that in at 
least some parts of the asthenosphere 
the melt cavities must be intercon- 
nected. And that seems to pose quite a 
problem. For according to Shaw 
(Geophys. Res. Lett. 5, 629; 1978), 
Walker et al. (in press) have invest} 
gated the stability under gravity of a 
melt-solid system with interconnected 
porosity and have thus shown that for 
tubular channels, instability will arise if 
the melt fraction exceeds 01% (which 
compares with the roughly 1% re- 
quired to explain the seismic observa- 
tions) Above 01% the melt segregates 
and rises from the solid in less than 
10" yr. Walker and his colleagues there- 
fore conclude that the low velocity 
layer is either a temporary pheno- 
menon which just happens to be well 
developed at the moment or a “dy- 
namic system with a melt fraction 
above their calculated limit of long 
term stability through which melt must 
flow continually at a substantial rate, 
in fact, at a rate which is probably un- 
realistically high”. 

Of course, many assumptions are in- 
volved, any one or more of which may 
turn out to invalidate the Walker 
model as a reasonable semblance of 
reality. Nevertheless, at the very least 
the results are such as to suggest that 
partial melting should not be accepted 
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too readily, as, imieed, some workers 
have long realised. Guegnen and 
Mercier (Phys. Earth Planet. Interiors 
7, 39; 1973), for example, listed several 
other possibilities and concluded that 
the seismic properties of the low velo- 
city layer could m theory be as well 
explained in terms of viscous grain 
boundary relaxation or dislocation- 
impurity interactions. 

Unfortunately, there is little experi- 
mental data to support either of these 
particular solid state processes as a 
cause of the asth=nosphere; but Shaw 
has now added one phenomenon for 
which there is tome empirical (and 
theoretical) suppcrt: namely, the pre- 
sence of point defects. Shaw himself (J. 
Phys. Chem. Solids 35, 911; 1974) has 
shown that in the BI phase of silver 
iodide, variation in the concentration 
of lattice point dsfects leads to a very 
rapid decrease ir sound velocity with 
increasing temperature and an equally 
rapid increase with increasing pressure. 
The magnitudes of defect-produced 
velocity changes in materials likely to 
be important in the Earth (such as 
silicates and oxides) are far less well 
known and may in any case be dif- 
ferent for diffecent types of defect 
(Frenkel defects, Schottky defects for 
example). But Shaw has little difficulty 
in showing that taking into account 
the probable relative temperature and 
pressure effects in materials and the 
variation of temperature and pressure 
in the Earth, a seismic velocity 
anomaly in the Harth would be ex- 
pected in the depth range 50-250 km— 
precisely where :t is observed. 

Considering <=he uncertainties in- 
volved in Shaw's theoretical develop- 
ment, this agreement is amazing. And 
it is all the moze encouraging in that 
defects are known to facilitate material 
transport, thus enhancing flow and 
leading to a decrease in apparent vis- 
cosity. If Shaw is right in his thinking, 
the presence of point defects offers just 
as reasonable ar explanation of the low 
velocity layer-esthenosphere as does 
partial. melting, although to prove the 
point there wil. have to be far more 
experiments or probable Earth ma- 
terials at the appropriate temperatures 
and pressures. O 


DNA polymerase 
and mutation 
from Bryn Bridges 


THE underlying importance of damage 
to DNA and its mutagenic con- 
sequences in the production of cancer 
and certain heritable diseases becomes 
steadily more apparent, and it may well 
extend to suck superficially unrelated 
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diseases as atherosclerosis and certain 
neurological conditions. The steps by 
which damaged DNA generates per- 
manently altered nucleotide sequences 
are, however, obscure in mammalian 
cells. The question is probably closest 
to resolution in bacteria where there 
seems to be an intriguing interaction 
between DNA damage and the fidelity 
of DNA polymerases. 

Ultraviolet light is commonly used 
as an experimental DNA damaging 
agent and initiates mutagenesis through 
constitutive or inducible pathways de- 
pending on the circumstances. The 
existence of this inducible pathway, 
proposed and termed ‘SOS’ repair by 
Miroslav Radman, is best illustrated by 
the fact that UV-irradiation of bac- 
teriophages A or @X174 leads to the 
production of mutations only if the 
phages are plated on bacteria that have 
themselves been UV irradiated or given 
some other ‘inducing’ treatment. 

A mechanism for the action cf DNA 
polymerases in ultraviolet mutagenesis 
has now been proposed by Radman’s 
group (Villani et al. Proc. natn. Acad. 
Sci. U.S.A, 75, 3037; 1978) who have 
shown that photoproducts produced in 
the DNA of @X174 by ultraviolet con- 
stitute a block to DNA replication by 
cell-free extracts of E. coli operating 
either through DNA polymerase I or 
IH. (Recent studies have pointed to- 
wards the role of DNA polymerase IH 
in bacteria as the mutagenic enzyme, 
particularly in the inducible pathway 
(see Bridges & Mottershead Molec. 
gen. Genet. 162, 35; 1978)). In experi- 
ments with purified DNA polymerase I 
(large fragment) they further showed 
that DNA synthesis on an irradiated 
@X174 primed template was accom- 
panied by a large turnover of 
nucleoside triphosphates into mono- 
phosphates, in contrast to synthesis on 
an unirradiated template. 

DNA polymerase I large fragment 
lacks 5’ to 3° exonuclease activity but 
retains both polymerising and 3’ to 5’ 
exonuclease activities. The latter is be- 
lieved to act as a  ‘proof-reader’, 
excising newly incorporated terminal 
bases which are not paired correctly 
with the template base. Villani et al. 
suggest that ultraviolet photoproducts 
in the template strand do not prevent 
incorporation by the polymerase func- 
tion but that the bases incorporated 
opposite photoproducts are registered 
as mismatched and are immediately 
excised by the proof-reading exo- 
nuclease. The net result is that nucleo- 
side triphosphates are converted to 
monophosphates with no DNA chain 
elongation, a condition termed poly- 
merase ‘idling’. They further suggest 
that newly-incorporated mismatched 
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bases could persist and be seen as 
mutations if SOS induction involved 
the inhibition of the proof-reading func- 
tion so that chain elongation could pro- 
ceed beyond the photoproduct and its 
potentially mismatched partner. In sup- 
port of this they give evidence that 
AMV reverse transcriptase, an error- 
prone DNA polymerase devoid of any 
exonuclease activity, is both highly 
prone to insert wrong bases and re- 
plicates UV-irradiated @X174 DNA 
far above the level of E. coli DNA 
polymerase I. 

The findings of Villani et al. suggest 
a possible signalling mechanism for 
triggering the SOS inducible pathway. 
SOS mutagenesis in E. coli is depen- 
dent on the recA* gene and it has been 
thought to be similar in its operation 
to other recA*-dependent phenomena 
such as prophage induction. The recA* 
protein is produced in substantial 
amounts after ultraviolet irradiation 
and seems to act in prophage induction 
by carrying out proteolytic cleavage of 
the A repressor. Villani et al. suggest 
that the nucleoside monophosphates 
produced by idling polymerases may 
well be the initial inducing signal lead- 
ing to enhanced production of recA* 
protein and thus to the cleavage of A 
and other SOS repressors. 

Another, simpler possibility is appar- 
ent, however, if we consider the recent 
work of Byrnes et al. (Biochemistry 16, 
3740; 1977) who have shown that 
nucleoside 5’-monophosphates inhibit 
specifically the 3’ to 5’ exonuclease but 
not the polymerase function of DNA 
polymerase I, and of Que, Downey 
and So (Biochemistry 17, 1603; 1978) 
who have further produced evidence 
that the nucleoside 5’-monophosphates 
bind at the primer terminus site for the 
3’ to 5’ exonuclease activity. On the 
basis of their observations one might 
argue that SOS mutagenesis induction 
might be more simply explained as 
follows. Arrival of a photoproduct at 
the replication fork causes polymerase 
HI idling and accumulation of nucleo- 
side monophosphates. These in turn 
directly inhibit the 3’ to 5’ exonuclease 
function (‘induction’) and allow chain 
elongation to continue with any mis- 
matched bases (both opposite the 
photoproduct and elsewhere) persisting 
as mutations. Return to high fidelity 
replication would occur after normal- 
isation of the nucleoside monophos- 
phate pool. The elementary hypothesis 
of direct control by nucleoside mono- 
phosphate levels suggested here does 
not, however, have any obvious re- 
quirement for repressor cleavage by 
the recA* protein. Although it may 
seem heretical, perhaps the possibility 
should be considered that the recA* 
protein does not act proteolytically in 
ultraviolet mutagenesis but rather in- 
teracts directly at the DNA level to 
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‘stabilise’ the photoproduct-primer ter- 
minus configuration so as to allow 
polymerase idling. Consequent eleva- 
tion of nucleoside monophosphate 
levels would then result in direct in- 
hibition of the 3’ to 4S’ exonuclease 
function and this in turn would lead to 
mutagenesis and survival. Certainly a 
constitutive level of the recA* protein 
exists and the protein is known to bind 
to single-stranded DNA. Furthermore 
the y-irradiation resistance conferred 
by the recA* gene seems to be indepen- 
dent of protein synthesis and does not 
involve inducibility. Could this also be 
true for ultraviolet mutagenesis? Such 
an explanation, while based on slender 
experimental evidence, would seem to 
merit consideration, if only because of 
its simplicity. One would still have to 
find a role on either hypothesis for 
other genes (lexA, lexC, umuC, and 
recB uvrD, for example) which affect 
ultraviolet mutagenesis. 

Whether or not the postulated in- 
hibition of the proof-reading exo- 
nuclease function by nucleoside 
monophosphates is direct or indirect 
will doubtless become clear in the not 
too distant future. The concept of 
polymerase idling proposed by Rad- 
man’s group is, however, very plausible 
and should stimulate the necessary ex- 
periments, particularly those designed 
to reveal whether it occurs In vivo as 
well as with the purified enzyme frag- 
ment. Also to be resolved is the ques- 
tion of whether DNA polymerase IH 
behaves in vivo the way the polymerase 
I fragment behaves in vitro, and the 
question of constitutive mutagenic 
repair should this, as seems likely, also 
be mediated by polymerase III. Does 
this also involve inhibition of the 
preof-reading function and if so, how? 





A hundred years ago 


CAPTAIN PaTTrerRsSON, Superintendent 
of the U.S. Coast Survey, has lately 
initiated a very important undertaking 
in connection with the work of the 
Survey, namely, in determining the 
extent and position of the oyster beds 
of the Chesapeake Bay, primarily with 
reference to the formation of oyster 
reefs, and their interference with 
navigation, but broad enough in its 
scope to serve as the basis of a critical 
investigation of the whole subject of 
the oyster fisheries and oyster culture in 
the United States. The work is being 
prosecuted in the Chesapeake Bay by 
the Coast Survey Steamer Palinurus, 
Mr. H. J. Rice, formerly of Johns 
Hopkins University, looking more 
particularly after the natural history 
features, such as the embryology and 
development of the oyster, &c. 

From Nature 18, 17 October, 653; 1878. 
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Progesterone reinitiates meiotic maturation in Xenopus laevis oocytes. Evidence is reported which 
indicates that the steroid acts at the level of the cell surface and suggests that an induced change of Ca” 
distribution triggers in turn a cascade of cytoplasmic events including protein synthesis and germinal 
vesicle (nucleus) breakdown. These novel features of steroid hormone action in amphibian oocytes are 
discussed in relation to presently accepted views of the mechanism of action of steroid hormones in 


somatic cells. 


are 


IN TARGET cells, hormone-—receptor complexes interact with 
an effector structure according to two major patterns. The first 
one, for polypeptide hormones and neuromediators, involves 
interaction at the plasma membrane level influencing membrane 
enzyme(s) (for example, adenylate cyclase) and/or cation trans- 
fer system(s). In the other case, steroid and thyroid hormone- 
receptor complexes interact in the cell nucleus with elements 
of the gene expression machinery as yet poorly defined, and 
probably modify transcription. We propose here that proges- 
terone action on Xenopus laevis oocytes is initiated at the 
surface level of these germ cells. The effects differ in many 
important respects from what has been described in steroid 
hormone target tissues, and they can be mimicked or inhibited 
by agents which operate at the membrane level and/or induce 
changes of intracellular Ca** distribution. 

Fully grown Xenopus laevis oocytes are arrested at the pro- 
phase of the first meiotic division; at this stage ‘VI’ (ref. 1), they 
have a diameter of about 1.2 mm, vitellogenesis is completed 
and the large nucleus (500 pm) contains replicated DNA. They 
can be obtained free of follicle cells by appropriate collagenase 
treatment and can be cultured at room temperature. Proges- 
terone (P) added to the medium induces ‘meiotic maturation’ in 
vitro’ *, which proceeds to the metaphase of the second meiotic 
division. The effects produced by the steroid include the break- 
down of the nucleus or germinal vesicle (Gvbd), chromosome 
condensation, spindle formation and cytokinesis, with the 
production of an egg ready to be fertilised and the ejection of a 
small polar body. These events are associated with an increase of 
proteins related to meiosis, and eventually fertilisation and early 
embryonic development*’; protein synthesis seems to be 
independent of transcriptional control throughout meiosis*”*”. 
The eggs obtained in vitro are indistinguishable from those 
produced in vivo after gonadotropin stimulation of follicle cells 
where progesterone is released for direct delivery to the oocyte 
(without passing through the blood)''; they are able to support 
cleavage and development after receiving a transplanted blas- 
tula nucleus’’. 


0028-0836/78/0275—0593$01.00 


With progesterone in the medium at I pM concentration, 
Gvbd occurs in vitro after 5-8 h and is easily identified by the 
white spot observed on the pigmented animal pole of oocytes. 
During this period, the cytoplasm acquires a ‘maturation 
promoting factor’ (Mpi) i>, which can directly induce Gvbd 
when injected into an untreated oocyte. These results suggest 
the following sequence: 


P > Mpf > Gvbd 


Mpf is neither progesterone nor a metabolite of progesterone. 
Indeed, progesterone does not provoke Gvbd when injected 
directly into the oocyte. It does not act through a nuclear 
mechanism, and can induce Mpf in enucleated oocytes and in 
actinomycin D or ethidium bromide treated oocytes. In cells 
exposed to cycloheximide, the hormone is ineffective; however, 
Mpf injected into such oocytes produces its normal effect ^", 

We are concerned here with the mechanisms by which pro- 
gesterone triggers the formation of Mpf, proteins and eventually 
Gvbd in the incubated oocytes. 


Progesterone concentrations required 


When oocytes are exposed to different concentrations of pro- 
gesterone for 8h, a dose-effect relationship is observed using 
Gvbd as response (Fig. 1). The half-maximum effective concen- 
tration (ED<,) is of the order of 10-100 nM. The dose-response 
curve depends on the time of progesterone exposure: if one 
observes Gvbd after a much longer time (24 h), lower concen- 
trations of progesterone are found to be active. The ‘real’ 
apparent interaction constant of the hormone with the oocyte is 
difficult to calculate because Gvbd is a late event far removed 
from progesterone interaction with the oocyte, and as, according 
to the hormonal state of the female, cocytes are ready to 
‘mature’ more or less rapidly, then each experiment must have 
its internal control. 

It has been reported that the degree of progesterone stimula- 
tion of maturation is not dependent on its molar concentration, 
but rather on the actual quantity of hormene available, and the 
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Fig. 1 Progesterone and ACA-poly (EO) activation of meiotic 
maturation expressed as the % of oocytes undergoing Gvbd. At 
each experimental point, 100 oocytes were incubated continuously 
with the inducer (concentrations in incubation medium at zero 
time), and the % of Gvbd was scored after 16h exposure. Each 
point represents the mean of six different experiments on different 
females. EDs,9 for ACA-poly (EO) (CJ) and for progesterone (©) 
were, respectively, 30 and 2 uM. 0.1 mM O,-poly (EO) (f did not 
induce maturation. 


incubation medium volume for a given concentration’®. 
However, when enough time is allowed for observing 
completion of the maturation, the same efficiency is obtained 
whatever initial volume is used (Fig. 2). Moreover, incubation of 
oocytes with a polymer-bound steroid (Fig. 3 and below) does 
not display the apparent volume dependence of progesterone 
for short incubation periods (Fig. 2); the explanation for this 
difference may be that the polymer-bound steroid, in contrast to 
progesterone, cannot enter the cell and subsequently does not 
undergo trapping and/or transformation to inactive metabolites 
or metabolites less active than the parent compound. 


Steroid specificity of agonists 


Many steroids other than progesterone are very active (Table 1). 
The hormonal specificity is very different from that observed in 
progesterone-sensitive somatic cells. (This is based on obser- 
vations in mammalian and avian progesterone target tissues, as 
we are not aware of similar studies in amphibians.) Thus, 
testosterone, deoxycorticosterone (acetate) and cortisol are very 
active. Certain 5a and SB-reduced metabolites of progesterone 
and testosterone are also active, even though they cannot be 
metabolised back to the parent hormone. Pre-hormones, which 
may be transformed into active hormones, are also agonists. 
However, it must be emphasised that not all steroids are active. 
Oecestradiol is not an agonist, and, as seen on Table 1, only some 


Fig. 2 Time-dependent induction of maturation in the presence 

of different initial doses of progesterone or polymer-bound steroid, 

as expressed as Gvbd. 100 oocytes were incubated in 1 (- - -} or 

10{-——-) ml of Barth medium in the presence of A, I pM proges- 

terone; [J], 0.1 mM progesterone; @, 0.1 mM polymer-bound 
steroid (see Fig. 3). 
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of the other oestrene derivatives of the 19-nor-testosterone 
series are active, and the chemical substitutions which influence 
activity do not lead to gross differences of charge and solubility. 
Large nonpolar compounds such as cholesterol and choles- 
tenone, as well as deoxycholic acid, are inactive. 

Accordingly, the stereochemical diversity of steroids active in 
oocytes is impossible to reconcile with the high specificity of 
steroid hormone-receptor interactions in somatic cells’’. 
Moreover, the apparent EDs for the most active steroids are of 
the order of 10 nM-1 pM, somewhat higher than the active 
concentrations of ‘free’ (non-protein-bound) steroid hormones 
in the plasma of mammals and also higher than the equilibrium 
binding constant Ky of steroids with classical proteinic recep- 
tors. 

No saturation has been observed when studying the physical 
interaction of active (progesterone) or inactive (oestradiol) 
steroids with oocytes. This may be related to their large uptake 
and nonspecific retention by the yolk. These complications 
account for the absence of publications of competitive binding 
experiments, whether with agonists or antagonists. 





a 
CO-R 
0 
R= -OH: ACA 
R= X:ACA-poly (EQ) R= X: E.-poly (EO) 
R = -NH-CH-(CH,),:AAI 
R= -CH, : progesterone 
R= -CH,OH : deoxycorticosterone 
eee 
Fig. 3 Proposed structure of the steroid derivatives, X = -NH- 
(CH2),;-NH-(CH,—CH,-O),-CH,-NH-(CH;),-NH-; ACA = 


androsta-4-ene-3-one- 17-B-carboxylic acid; EO = amino-propyl- 

polyethylene-oxide. Note that in the case of E;-poly(EO), the 

MW of poly(EO) is 6,000, whereas for ACA-poly(EQ), the MW of 
poly(EQO) is 20,000 (see ref. 23). 


Despite these difficulties, it has been possible to show that 
some synthetic steroids which are inactive or weak inducers of 
meiosis even at very high concentrations, can act as antagonists 
of progesterone action. Data concerning R-2341, a potent 
androgen in mammalian tissues, are reported in Fig. 4, and 
effects of other steroids are shown in Fig. 5. It is also remarkable 
that we have observed inhibition of progesterone action with 
oestradiol and other oestrenesteroids (Table 1), but not with 
diethylstilboestrol, a nonsteroidal oestrogen. Together with the 
fact that cholane and cholestane derivatives are neither active 
nor antagonistic, the results give evidence for some type of 
specific binding site for progesterone action in oocytes which 
differs profoundly from that known in classical progesterone 
target tissues. 


Site of progesterone action 


From the lack of Gvbd after progesterone injection into oocytes, 
it has already been suggested that progesterone may interact 
with the surface membrane to exert its effects (refs 13, 18), and 
no specific binding of progesterone has been found in soluble 
extract from oocytes. However, microinjected cortisol induces 
maturation, perhaps due to different physicochemical proper- 
ties. The argument based on the nonactivity of injected 
hormone for designating the membrane as the site of action is 
not very strong, as injected Ca** does not give Gvbd, whereas 
calcium introduced into the cell by iontophoresis is active. 
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Table 1 Steroids reinitianng meiosis m Xenopus laevis oocytes in vitro 





Agonists , 


Progesterone 

17,2 1-dimethyl-19-nor-pregna-4,9-diene-3,20-dione (R-5020) ` 
Deoxycorticosterorie (and acetate), cortisol, testosterone 

_ A®-pregnenolone, A*-androstenedione, deh 

 Sa-, 5p-dih one,’ pregnamtiol, 3a-hydroxy-Sa- 


pregnane- 
11,20-dione* 5a-, P dihwdicesinsi onc: 5a-androstan-3a, 17 8-diol 


Cyproterone i 
19-nortestosteronet(17B-hydroxy-oestra4—eno-3-one) 


Tbe most active natural hormone. 

A synthetic progestagen highly active in nammals. 

Hormones nonphynologically related to maturation. 

Prehormones, metabolisable to progesterone or testosterone. 

Metabolites of progesterone or testosterone, not metabolisable 
. back to hormones. 

Progesterone denvative, anti-androgen in mammals. 

A synthetic androgen 


Non (or weakly) agonists, but an 


16-a-methyl- or ethyl or ethynyl-178-hydroxy-oestra-4—ene-3-one, 
17 B-hydroxy-cestra-4,9,11-tnene-3-onet(R-2341) 

Oestradiol, 17a-ethynyl-cestradiol, estradiol-178-valerianate, 8-iso- 
oestradiol 


Synthetic derrvatives of the 19-nortestostzrone senes. 


Natural and synthetic oestrogens 


Neather agonists nor antagonists 


138-propyl-cortisol, 13 p-cthyl-oestra-4,9-diene-3,17-dione, 178- 


hydroxy- 13 8-ethyl-oestra-4,9,11- triene- 3-one-17a-ethynyl (R-2323) 


Diethylstilboestrol 
Cholesterol, cholesta-4-ene-3-one, deaxycholic acid 


Synthetic derivatives with a 2C or 3C-133 side-chain 
(anti-progesterone m mammals). 

Synthetic nonsteroidal oestrogen. 

C27 and C25 compounds. 





* Used as an anaesthetic. 
t Activities also described m ref 65. 


Melanosomes, however, have been shown to display a selective 
affinity for active steroids”. This observation is difficult to 
interpret and cannot be considered to be due to melanin”’, as 
oocytes of albino mutants also respond to progesterone. 

Our experiments**”’ support the hypothesis that the decisive 
site of progesterone—oocyte interaction is at the surface level. 
Thus, it has been shown that a progesterone analogue, when 
linked to a macromolecule, is able to promote matura- 
tion without significant entry into the cell. The free steroid 
(androsta-4—-ene-3-one-17B-carboxylic acid, ACA in Fig. 3) is 
approximately as active as progesterone on oocytes. When it was 
linked to a soluble polymer (aminopropylamino-poly(ethylene 
oxide) poly (EO) of MW 20,000) the complex was found to 
provoke meiotic maturation with an ED. of approximately 
3 pM in 16-h incubation experiments (Fig. 1). All effects 
obtained with progesterone on protein synthesis and Mpf 
forthation were also observed with the steroid—polymer. 


Fig. 4 R-2341 mhibition of the progesterone-dependent release 
of meiosis in the oocytes of Xenopus laevis. The data represent the 
% of Gvbd of 100 oocytes incubated at room temperature in 10 ml 
Barth medium (pH 7.4). The oocytes are all taken from the same 
female for each type of expermment (a, b}. Maturation was scored 
after 30h continuous exposure to progesterone. R-2341 was 

added to the oocytes 16h before progesterone. a, Frequency of 
oocyte maturafhion induced by 50 nM progesterone as a function of 
R-2341 concentration. 5, Effects of progesterone on the frequency 
of oocyte maturation in the absence (W) or presence (@) of 2.5 yM 

R-2341. 
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Fig.5 Inhibition by different steroida of the progesterone- 
dependent release of meiosis im the oocytes of Xenopus laevis. The 
data represent the % of Gvbd, of 100 oacytes incubated at room 
temperature in 10 m! Barth medium (pH 7.4) plotted as a function 
of me after exposure to progesterone 1 LM (OL The oocytes were 
all taken from the same female and preincubated for 16h with: 
ethmyloestradiol, 10 gmi! (C); 16e~methyl-19- nortestoster- 
one, 10 ug ml—’ (A); 16a-ethinyl-19-no-testosterone, 10 ug ml 
(@); R-2341, 10 pg mr (x). 


Oestradiol attached to the polymer (up to 1 mM) and the 
polymer itself did not provoke Gvbd, confirming the specificity 
of action of the progesterone macromolecular analogue. The 
possibility of cleavage of the macromolecular derivative with 
release of active steroids during the incubation was ruled out 
using radioactive derivatives. These studies showed negligible 
uptake of the labelled macromolecula- progesterone analogue 
compared to that of free steroids and here was no correlation 
between uptake and effect on Gvbd. Injection of the polymer- 
linked progesterone into the oocytes did not induce maturation. 
Finally, we found that the efficiency of the macromolecular 
steroid is linearly correlated with the tine of actual exposure, in 
contrast to the curve obtained with progesterone (Fig. 6); this 
may be due to the hydrosolubility of the derivative, which is 
easily washed from the surface, contrary to hydrophobic pro- 
gesterone, which is largely trapped by the oocyte. Concurrent 
with our studies, induction of meiosis was observed with deoxy- 
corticosterone hemisuccinate coupEed to aminoethylated 
agarose beads” 

These results suggest that the steroid acts at the surface of the 
oocyte to initiate the meiotic maturation response. 
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Other inducers at the membrane level . 


A wide variety of nonbormonal compounds (Table 2), although 
active at the surface of cells, also trigger meiosis. Among these 
are several amphiphilic cationic drugs known to penetrate 
membrane phospholipids and increase the surface pressure. 
The best representatives of such compounds are the B- 
adrenergic antagonists (for example, propranolol). Used in the 
millimolar concentration range (interaction of propranolol with 
B-adrenergic receptor has a Kp of approximately 1 nM), they 
display the so-called ‘membrane stabilising effect’ or ‘local 


“anaesthetic 


Nature Vol. 275 19 October 1978 


' independently of their stereochemical 
configuration. It is possible that these effects are related Ws 
interaction with membrane phospholipid turnover**. 
contrast, B-adrenergic antagonists lacking the hydrophobicity a 
, such as atenolol, practolol and sotalol, are not able 
to induce meiosis. The two latter compounds have no effects on 
phospholipid metabolism in other systems?**”", It has been 
suggested that propranolol interaction with phospholipid 
constituents of the membrane provokes displacement of loosely 
bound membrane calcium with concomitant changes in calclum 
pools within the cells”. It is possible, however, that propranolol 


y 


Tabie 2 Meiosis reinitiation by nonsteroidal drugs 





Concentration 
range 
Drugs (mM) 
Propranolol-like drugs ' 
(+) propranolol 0.5-1 : 
(—) propranolol -0.5-1 
7 0.1-0.5 
Atenolol 0.1-1 
Dichloroisoproterenol 1.0 
Metoprolol 0:5-1 
1.0 
Practolol 0.1-1 
Sotalol 0.091-10 
Local anaesthetics 
Benzocalne 5 
Dibucaine 0.5-1 
Lidocaine 0.5-1 
Procarne 1-10 
Tetracaľne 0.5-1 
Drugs acting on CNS 
Allobarbital 1-5 
Amobarbital 0.5—1 
Barbital 1-5 
(+) butaclamol - 0.5 
(--) butaclamo!l 0.5 ; 
Chiorpromazine 0.5 
Fenfhuramine 1.0 
Fluphenazine 0.2 
j <5 
Imipramine 0.5 ; 
Morphine 0.1-5 
Naloxone 0.1-5 
Nicotine 0.1-10 
Phenobarbital <5 
Phentolamine 0.5-1 
Pimozide : 0.5-1 
Theophylline <10 
Drugs interacting with Ca fluxes, eo 
A 23187 0.005 
A 23187 plus Mg 0.005 
Amiloride <1 
Azide (Na) <1 
Caffeine <10 
Cromoglycate (Na) <1 
Dan <1 
Lanthanum = en 
Mothoxyverapamil 0.5~1 
Mg <20 
Ouabain i 
Phenformin <] 
Quinidine 0.5-1 
Ruthenium red <5 
Taurine , 1 
TEA (tetracthylammonium-C1) <1 
Veratridine i <5 
Verapamil 0.5 


= i 
with celular 
Meiosis phospholipid Ca-ATPase 

reinitiation coastituents* inhibition* 
$ +25,26,28,29 +30,31,32,66 
+ +25,26,28,29 +30,31,32 
+ +26 
+ +26 
+ 
+ 
— —29 +31,66 
= —28,26 
— +67. | 
+ +25,67 68 fe, * +70 
+ +67,69 .. , +70 
= +67,69 ` l +71 
+ +67,72 +70,73 
+ 
+ wa 
+ 
+ ‘ 
+ 
+ +68,74,75 +70,76 
o on +68 
+ 
+ +68 
~ +77 
z N 
+ + 
= +78 | __ +78 
+ +78 +78 
— +79 
— +80,81 
+ +70 
+ +70 
+ +70,74 
= +82 
+ +70 


* Data from the literature obtained in various conditions and with different approaches, 
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Flg.6 Effects of progesterone and of polymer-bound proges- 
terone on maturation (% Gvbd) as a function of the duration of 
hormone exposure. Batches of 100 oocytes from the same female 
were distributed m test tubes containmg 1 ml of incubation 
medium At zero time progesterone 0.1 mM (O), progesterone 
1 uM (A) or polymer-bound steroid 0.1 mM (@) were added. At 
vanous incubation times (abscissa), hormones were extensively 
washed with Barth medium and further mcubated. After 24.h 
Gvbd was scored. - 


and amphiphilic congeners may influence intracellular Ca’* 
levels by an action on Ca-ATPase in the oocyte membrane as 
has been observed in blood red cells” and in prcop emg 
reticulum?!”?. 

Some local anaesthetics induce meiosis, but their activity 18 
not related to their effectiveness as local anaesthetics; thus, 
benzocaine and procaine are ineffective. It seems likely that the 
local anaesthetics act by influencing membrane phospholipids, 
with concomitant Ca’* displacement***’, as found for pro- 
pranolol-like drugs. Procaine and benzocaine have a v ery 
limited ability to displace calcium in the microsomal system™. 

A variety of drugs active on the central nervous system, 
including neuroleptics (chlorpromazine), antidepressants 
(imipramine), anorectics (fenfluramine) and some barbiturates, 
also display maturational activity. Their effect can be attributed 
to an interaction with membrane phospholipids (and rae od 
calcium) rather than with stereoselective receptors™ 
tolamine, an a-adrenergic antagonist, is active on oocytes ae 
also shows membrane effects involving lipid metabolism and 
Ca** fluxes**®. A wide vanety of drugs inactive on oocytes (Table 
2) do not exhibit membrane phospholipid or Ca" effects. 

Some organo-mercunal compounds”, such as p-chloro- 
mercuribenzoate, have also been shown to induce maturation, 
possibly through interaction with SH-groups of the membrane, 
as induction is inversely related to their ability to penetrate the 
cells. 


Calcium and progesterone 


The earliest changes following hormone or drug interaction with 
the oocyte membrane leading to meiosis are unknown. 
However, there is considerable evidence which suggests that 
membrane and/or internal calcium distribution is affected. 

Among drugs interacting with Ca** fluxes and/or intracellular 
exchanges, methoxyverapamil and verapamil were found to be 
potent inducers of meiosis. Both are tertiary amines and may be 
regarded as cationic drugs which, as propranolol-type inducers, 
act by displacing membrane Ca”* (ref. 35), or inhibiting a Ca** 
efflux pump in the membrane which maintains low levels of 
intracellular Ca?*. Inhibition of such a pump would cause the 
cytoplasmic Ca** concentration to nse. The positive effect of 
quinidine, in contrast to those of ouabain and caffeine, is prob- 
ably attributable to its capacity for displacing calcium from 
binding sites as in the microsomal fraction of skeletal muscle™. 
The direct or indirect interaction with Ca?* fluxes of the other 
drugs listed in the last section of Table 2 are either not selective 
enough to promote meiosis, or are secondary to other ion 
permeability changes. 

Involvement of Ca** changes has been also suggested by the 
action of lanthanum, which induces Gvbd and correlated 
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phenomena“. La** has a very high affinity for the Ca** binding 
sites of Ca?*-dependent ATPases. Moreover, Gvbd can be 
provoked by using ionophore A 23187 (if Mg’* or Ca” is 
present*') or specific Ca’* iontophoresis”, whereas its induction 
by progesterone or ionophore is suppressed when intracellular 
free Ca’* is chelated by EGTA injection*”. 

Calcium has been proposed as the ‘second messenger’ of 
several mitotic factors; and implicated in various changes 
occurring during cel] division. It could then well be involved in 
progesterone action on oocyte meiotic division. Moreover, cal- 
cium is known to inhibit adenylate cyclase activity and its 
binding to phosphodiesterase activator has been reported. 
Indeed, early steps of progesterone action may be compatible 
with either a decrease of cyclic AMP and/or a decrease in the 
phosphorylation of protein(s) involved in the arrest of meiosis. 
The former has been observed in Rana oocytes (as well, 
incidently, as the diminution of cyclic-GMP) (refs 44, 45). 
(However, the pattern given by our measurements of cyclic 
AMP in progesterone exposed Xenopus laevis oocytes differs 
somewhat from what has been found in Rana (S.S.-S. et ai, in 
preparation).) The latter is suggested by the effect of the 
injection of purified catalytic subunit of protein kinase (from 
rabbit skeletal muScle) which inhibits the progesterone-induced 
maturation“; the regulatory subunit or the heat-stable protein 
inhibitor of cyclic AMP-dependent protein kinase, injected in 
the absence of progesterone, induces meiotic cell division. We 
have found” that cholera toxin 1s a powerful inhibitor of pro- 
gesterone action. Taken together, these striking results suggest a 
role(s) for a cyclic nucleotide(s) in the meiotic cell division, 
possibly dependent on Ca** changes and leading to an early 
modification of protein phosphorylation™ (clearly distinguish- 
able from the burst of soluble protein phosphorylation occurring 
later, just before Gvbd**). 


Three membrane features 


The studies reported suggest that three major areas of proges- 
terone action at the surface level of amphibian oocytes merit 
detailed investigations (Fig. 7). (1) The nature of the interaction 
site for progesterone and other active steroids seems to be 
neither a conventional receptor protein nor a ‘simple’ 
nonspecific lipidic array. (2) The nature of the calcium binding 
site and/or ionophoric element, connected in some manner with 
the putative hormone site, is unknown. (3) The membrane 


Fig. 7 ‘The three membrane features umplicated in the very early 
_ steps of progesterone action are schematically represented, and 
also seen as pharmacological targets (@): agonist, ©: antagonist). 
The progesterone site can accept competing antagonist steroids 
(Table 1). The membrane intrinsic components can be modified by 
propranolol-like drugs (and other compounds mteracting with 
membrane) at millimolar concentration (Table 2) They actrvate 
the postulated calcium site. (The drawing arbitrarily udicates that 
drugs do interact with membrane elsewhere than in the proges- 
terone site: this ts, however, not excluded.) The release of calaum 
from its membrane site follows steroidal agonist interaction in the 
progesterone site or drug effect on the membrane; ıt can possibly 
‘ be provoked by La*~ ions 
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environment is probably of importance for the activity of these 
hormone and calcium sites. Then perturbation of membrane 
structure /fluidity will alter their functions. We suggest that the 
various drugs of the propranolol type modify the oocyte 
membrane and in turn membrane-bound calcium in the same 
way as progesterone does. 


Conclusions 


Xenopus laevis oocytes have long been known to provide a 
useful tool for investigating several aspects of gene expression”, 
Now, in relation to progesterone-induced meiotic maturation, 
these cells may contribute to a better understanding of other 
important problems. 

(1) Initiation of meiosis at membrane level. Steroids are 
active in the resumption of meiosis in all amphibians so far tested 
and in lower vertebrates such as fish. In starfish, |-methyl- 
adenine is the ‘hormone’”'. In mammals”, it was shown that one 
cannot release the oocyte from the follicle without resuming 
meiosis, and it was hypothesised that either the granular cells 
produce an inhibitor or that meiosis takes place in association 
with ovulation, which disrupts cell-cell interaction. The 
fundamental question is whether the processes leading to 
meiosis are always initiated at the membrane level and are the 
same in widely different species, despite differences in the initial 
trigger. 

(2) Mechanisms of hormone actions. The molecular aspects 
of progesterone-~membrane interaction may provide an oppor- 
tunity to study a new type of target site for steroid hormones in 
somatic cells, For example, the very early effects of oestrogen on 
membrane permeability in uterine cells*’ may be relevant to 
such sites. It has already been suggested that steroid hormones 
act in part at the surface of target cells, and specific interactions 
have been described**”*. The selective effects of deoxycorti- 
costerone on Neurospora crassa permeability to cations*° and of 
progesterone on Dictyostelium discoideum development”, the 
specificity of steroid structure in anaesthesia**”” and the physi- 


. Dumont, J. N. J. Morph. 139, 153-180 (1972). 

. Masui, Y. / exp. Zool 166, 365-376 (1976). 

. Merriam, R. W. Expl Cell Res, 68, 75-80 (1971). 

. Schorderet-Slatkine, S. Cell Differentiation 1, 179-189 (1972). 

. Adamson. E. D. & Woodland. H. R. Devi Biol. $7, 136-149 {1977}, 

. Woodland, H. R. Biochim. biophys. Acia 186, 1-12 (1969). 

. Benbow, R. N., Pestel. R. O. W. & Ford, C. C. Devi Biol 43, 159-174 (1975). 

. é2iegier, D. & Masui, Y. Devl Biol. 38, 283-292 11973). 

- Masai, Y. J exp. Zool UT, 141-147 {1974} 

10, Schorderet-Satkine. S. & Baulieu, E. E. Ann. N Y. Acad. Sci 286, 421-433 (1977). 

i1. Fortune, J. E., Concannon, P. W. & Hansel, W. Biol Reprod. 13, 561-567 (1975). 

12. Drury, K, & Schorderet-Statkine, S. Celi 4, 269-274 (1975). 

13. Masai, Y. & Markert, C. L. J. exp. Zool. 177, 129-146 (1971). 

id. Reynhout, J. K. & Smith, L. D. Devl Biol. 38, 394-400 (1974). 

TS, Wasserman, W, J. & Masui, Y. Exp! Cell Res. 91, 381-388 (1974). 

16. Bellé, R, Marot, J. & Ozon, R. Cr hebd. Seanc. Acad. Sei., Paris 283, 175-178 (1976). 

17. Bauheu. E. E. et al Vitam. Horm, 33, 649-731 (1975). 

18. Smith, Le & Ecker. R. Deui Biol 28, 232-247 (9711. 

19. Drury, K. & Schorderet-Siatkine, $. Cr hebd. Séanc. Acad. Sci, Paris 280, 1273-1275 
{1975}. 

20. Bellé, R., Schorderet-Slatkine, S., Drury, K. C. & Ozon, R. Gen. comp. Endocr. 24, 
339-345 (1975). 

Zi Bellé, R., Marot J. & Ozon, R. Life Sci. 20, 849-856 (1977), 

22, Godeau, F., Schorderet-Slatkine, S., Hubert, P. & Baulieu. E- E. J. Steroid Biochem. &, 
Abstr. 244 (1977). 

24, Godeau. F., Schorderet-Slatkine, $.. Hubert, P. & Baulieu, E. E. Proc. natn, Acad Sci. 
tS, A, 78, 2353-2357 (1978). 

24. ishtkawa, K.. Hanaoka, Y.. Kondon, Y. & Imai, K. Molec. ceil. Endocr. 4, 91-100 (1977). 

25. Ferera, H. G. & Lew, V. L. Nature 259, 47-49 t1976). 

26. Eichderg, J., Shein, H. ML, Schwartz, M. & Hauser, G. J. biol, Chem. 248, 3615-3622 
(1973). 

27. Singer. M. A. Biochem. Pharmac. 26, 51-57 (1977). 

28. Abdel-Latif, A. A. & Smith, J.P. Biochem. Pharmac. 3§, 75-93 (1977). 

29, Lee. A. O. Molec. Pharmac. 13, 474-487 (1976) 

30. Szasz, L, Sarkadi, B. & Gardos, G. J. Membrane Biol. 35, 75-93 (1977}, 

31. Tomlinson, C. W., Bernatzky, A. M, & Dhalla, N. S. Biochem. Pharmac. 28, 2271-2274 

(1976). 

2. Noack, E. & inesi G. IRCCS med. Sci. 4, 149 (1976). 

3, Papahadiopoulos, D. Biochim. biophys. Acta 265, 169-186 (1972). 

34. Bondani, A. & Karler, R. J. cell. Physiol 78, 199-212 {1976} 

35. Fleckenstein, A. A. Rev. Pharmac. Tox. 17, 149-166 (1977). 

36. Lee, A. G. Biochim. biophys. Acta 455, 102-108 (1976). 

37. Seeman, P, Pharmac. Rev. 24, 583-655 (1972). 

38. Stock, K. & Thomas, T. Metabolism 24, 277-286 (1975). 

39. Brachet, J. eral Proc. nam. Acad, Sci. U.S.A. 72, 1574-1578 (1975). 

40. Scherderet-Slatkine, S., Schorderet, M. & Baulieu, E. E. Nature 262, 289-290 (1976). 

41. Wasserman, W. J. & Masui, Y.J exp. Zool 193, 369-375 (1975), 

42, Moreau. M., Doree, M. & Guerrier, P. J. exp. Zaol. 197, 443-449 (1976). 

43. Masui, Y.. Meyerhof, P. G, Miller, M. A. & Wasserman, W. J. Differentiation 9, 49-57 

(19773. 


ME gO e A Ln Ea aa Ead mer 


Nature Vol. 275 19 October 1978 


cal effects of steroids on membranes®’*' should be further 
studied. In many systems, steroids are- cell division and/or 
differentiation promoting/regulating factors, but as yet no 
related mechanistic studies have been carried out. The oocyte- 
progesterone system may suggest the importance of the inter- 
action between steroids and plasma membrane in this respect, 
and more work should establish whether some features pro- 
posed in ‘cell surface modulation’®? are involved. This is not to 
deny that steroid—receptor complexes act in somatic cells at the 
nuclear locus and that the largest part of the hormonal response 
is due to this action in the nucleus. The present results with 
oocytes support the idea that hormone interaction at non- 
nuclear site(s) may well be complementary to action at the 
nuclear level in somatic cells and may even be essential for some 
aspects of hormone activity (cell division). This concept, that a 
hormone may act at multiple loci in the target cell, has been 
previously discussed®***. 

Finally, the possible role of calcium ions as second messenger 
of a steroid signal-membrane interaction is worth testing in 
other steroid-sensitive systems. 

(3) General aspects. In Xenopus laevis oocytes, progesterone 
induces a series of events which are themselves of basic biologi- 
cal importance. For example, the unknown mechanism by which 
selective protein synthesis is involved at the translational level 
during progesterone action is of great interest. Mpf, a protein 
synthesis-dependent product of progesterone action, is 
remarkable because it promotes all events following meiotic 
division and it is possible that a similar mitotic promoting factor 
is to be found in somatic cells undergoing cell division under 
hormone stimulation. 

Xenopus oocytes are arrested cells which may yield much 
information about events generated at the surface level to 
biologists who care to expose them to progesterone. 
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Strainmeters with high sensitivity over long periods have 
enabled the detection and identification of slow earth- 
quakes: seismic events which produce records similar to 
those from normal earthquakes except that the time scale for 
the rupture process is considerably longer. Slow earthquakes 
provide a mechanism for stress redistribution before normal 
earthquakes. Stress concentration may take place just hours 
or days before an earthquake; if it did, this would affect 
prediction capability. 





EARTHQUAKES are generally assumed to result when the 
gradual stress buildup in a region eventually exceeds some 
critical local strength. The fracture which develops is thought to 
propagate at a velocity approaching that of shear waves. 
Although this ıs supported by laboratory experiments’, there 
have always been observations which cannot be explained by 
fracture in an otherwise perfectly elastic medium. The time 
periods between events in a foreshock—aftershock sequence, for 
example, far exceed the time necessary for elastic redistribution 
of stress. Clearly, one or more other mechanisms must have a 
major role in the stress redistribution. , 

There have been various studies™* of particular earthquakes 
inferring coseismic processes with time scales longer than 
normally associated with earthquakes. However, the evidence 
for these so-called ‘slow’ or ‘silent’ earthquakes has generally 
been indirect (for example, anomalous long-period spectral 
behaviour’ or unusually long surface-wave coda‘) as the time 
scale of such processes lies outside the passband of conventional 
seismographs. 

A network of Sacks—Evertson borehole strainmeters” was 
installed along the seismically active Pacific coast of Honshu 
south of Tokyo which enabled the investigation of the possibility 
of ‘infraseismic’ mechanisms for redistribution of stress. These 
instruments have high sensitivity from zero frequency to several 
Hz. In addition, tests with nearby explosions (producing 
accelerations up to g at the instrument) produced no spurious 
recordings’. 

New, direct observations of strain redistribution interpreted 
in terms of events which we call slow earthquakes are reported 
here. All our observations are consistent with the hypothesis 
that these slow earthquakes are similar to normal earthquakes in 
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all respects except for slower rupture velocities and longer rise 
times. Here we describe slow earthquakes which occur 
separately from normal earthquakes and which were observed 
on the recently installed borehole strainmeters or on nearby 
extensometers. Other kinds of data are also included which 
indicate that the stress buildup before an earthquake may be 
non-linear in time. In these cases the concentrations of stress 
seem to occur in a much shorter time preceding the earthquake 
than that calculated on the basis of magnitude—precursor—time 
formulae’. 


Strainmeter waveforms for 
normal and slow earthquakes 


To understand the characteristics of slow earthquakes, we first 
examine strain waveforms from normal earthquakes, parti- 
cularly in the near field (less than 10 fault lengths) where 
observations of slow earthquakes are most convincing. Figure 1 
shows the radial strain field based on a modification of a 
dislocation model in the form presented by Harkrider’. The 
theory is oversimplified (for example, a point source in an 
infinite space is assumed) but the results are expected to be 
qualitatively correct. 

The waveforms shown in Fig. 1 can be treated as the 
superimposition of two parts: a strain step which is proportional 
to the moment and which falls off as the cube of the epicentral 
distance, and a ‘radiated’ pulse which is defined here to include 
both a term with zero total area which falls off with distance as 
well as a term whose area is proportional to the moment but 
which falls off with the square of the distance. Within a few fault 
lengths (see Fig. 1a) the strain step dominates, while beyond 
about 20 fault lengths the step would not be detectable—except 
for an event with an extremely large fault offset. 

Figure 2a is a wide-frequency-range borehole strainmeter 
record from Matsushiro of a nearby small (m = 4) earthquake. 
The compressional wave is followed by a larger shear arrival, 
and the static offset arrives shortly after S. The basic low- 
frequency structure is emphasised and the higher-frequency 
oscillations suppressed in the (effectively) low-pass filtered 
version of the same record shown in Fig. 24; this and the record 
shown in Fig. 3a (a low-pass filtered record of the same earth- 
quake from the Hokushin Observatory near Nagano) show good 
agreement with the theoretical strain record of Fig. 1c. 

Figure 3b shows a strain event recorded by a borehole 
strainmeter at Irako. Although the record shown is from a 
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of an event at different epicentral distances. a, At close distances, 
there is a relatively slowly rising step. The duration is the time for 
which movement (rupture) occurs on the fault. b and c, at greater 
distances the radiated pulse is observed because it decays with 
distance less rapidly than does the stram step. The rise time is the 
time needed for the strain to achieve 86% of its peak value. The 
time scale is the same in all cases, and the amplitude scales with 
` iiia aa a 


wide-frequency-range channel such as that used for Fig. 2a, ohly 


low frequencies appear in the arrival. The waveform is similar to’ 


that of the earthquake in Fig. 3a and to the theofetical wave- 
form in Fig. 1c. Many such events have been observed on the 
recently installed borehole strainmeters as well as on some 
nearby extensometers. The radiated pulses and strain steps from 
such events seem to be similar to those from normal earthquakes 
except that the rise time and duration are about £00 times longer 
than those for earthquakes of similar moment. It is therefore 
possible to produce slow-carthquake waveforms which are in 
reasonable agreeinent with observation by using normal- 

earthquake theory with long rise times and low rupture 
velocities. 


i 


Fig. 2 Record from the borehole strainmeter at MAT of an 
m= 4.0 earthquake on 19 September 1973 at a distance of 15 km 
a, Broadband-response record. b, Low-pass filtered record from a 
- different sensor in the same instrument. This sensor has a 
noise level”. The of the trace in (a) is about one-half 
that of the trace in (b). The traces are slightly offset in time for case 
in viewing. ; 
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At smaller distances, the theory then predicts records such as 
shown in Fig. la. Figure 3c shows a slow carthquake with similar 
waveform. It should be kept in mind, however, that for obser- 
vations on only a single instrument there is an unresolvable 
ambiguity between an event being near, slow and of a certain 
moment or further, slower and of a larger moment. ` 

Events such as those in Fig. 3b, c differ from creep events 
(observed close to a long fault) in that in such events there is no 
permanent change in the strain field*. 

The expanded time scale for slow earthquakes means that 
almost no energy is radiated in the normal seismic frequency 
band, so that slow earthquakes cannot be detected by seis- 
mometer networks used for earthquake location. Even with 
instruments of high magnification at low frequencies, only 
nearby events can be clearly identified because theoretical 
considerations suggest’ that the low rupture velocities for these 
events result in low radiation efficiencies. Hence, such instru- 
ments are required in denser networks than now exist to do 
multi-instrument correlations of individual slow earthquakes. 





Fig. 3 a, Low-pass filtered strainmeter record from the same 
earthquake as in Fig., 2 recorded at Hokushin, near Nagano 
(distance = 15 km, Hokushin-MAT distance = 13 km). This record 
can be compared with the theoretical waveform in Fig. 1c. b, Slow 
earthquake record for 25 June 1976 from the broadhbend-response 
sensor of the borehole strainmeter installed at Irako, on the Pacific 
coast. Note the similarity between this record and that from a 
normal.carthquake (above) as well as the theoretical waveform in 
Fig. 1c. c Slow earthquake record on 26 July 1976 from Irako. This 
event is cither of similar time scale but at a closer distance 
compared to the one above or it is slower and at a similar distance. 


Foreshocks and aftershocks | 


of slow earthquakes 


Shallow earthquakes may have foreshocks and aftershocks 
which are considerably smaller than the main event. Slow 
earthquakes may exhibit similar behaviour; Fig. 4 shows a slow 
earthquake accompanied by a foreshock—aftershock sequence. 
Relative to the step size, the foreshocks have larger radiated 
pulses than the aftershocks. If these are all at more-or-less the 
same distance and have similar rise times, one interpretation is 
that the foreshocks have higher stress drops. Such a 
phenomenon has been claimed for some instances for normal 
carthouaks (orcehocks and aftershocks”. 


Slow earthquakes as precursors 
for a normal earthquake 


Hires ahowy theirclative baion or the barclicle wtrainmeter 
at Shizuoka, the Fujigawa extensometers and the epicentre of an 
m=5.5 earthquake which occurred on 15 June 1976. Also 
shown are the dates and (relative) amplitudes of strain steps 
associated with slow earthquakes observed at the two obser- 
vatories. The Fujigawa extensometers have operated for several 
years, but slow ‘were recorded only during the 
period January—May 1976. The.borehole strainmeter at Shizu- 
oka began’ operation in early April 1976 and recorded slow 
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Fig. 4 Irako borehole strainmeter record for 25 August 1976. A 

slow earthquake, strain=7x107°, is shown preceded by 

foreshocks and followed by aftershocks with strains less than 10° 

Expanded-scale tracings of sample foreshocks and aftershocks are 

included. The strain record has been high-pass filtered at 25-min 
period. 


earthquakes (of the opposite polarity from those at Fujigawa) 
from that time until early June. None of the events is recorded at 
both observatories. Based on the Fujigawa records, the slow 
earthquakes started about 150 d before the earthquake, which is 
an often quoted® precursor time for an earthquake of that 
magnitude. 

A model consistent with these observations has been sugges- 
ted by Y. Okada (personal communication). The observatories 
are on opposite sides and within a few kilometres of the Fossa 
Magna, a major geological discontinuity (see Fig. 5). Okada 
notes that the relative amplitudes and polarities of the slow 
earthquakes at the two observatories could be explained if the 
slow earthquakes occurred on the Fossa Magna. 


Other detections of preseismic 
stress redistribution 


There are other data which indicate that the concentration of 
stress in an epicentral region may be very nonlinear in time: 
three examples are given here. 

Figure 6 shows the tide-gauge record from Irozaki, on the tip 
of the Izu peninsula, Honshu, Japan for the day on which a 
nearby m = 6.9 earthquake occurred. In this region, the return 
time for such an earthquake is many decades. As can be seen in 
Fig. 6, there is a deviation from the expected tide level apparent 
about 20 min before the earthquake. This deviation is in the 
opposite sense to the eventual level change due to the earth- 
quake. An interpretation could be that, due to a nearby slow 
earthquake shortly before the normal earthquake, there was a 
buildup of strain of about one-third of that eventually released. 


Fig. 5 Time history of the slow earthquakes (recorded on the 
borehole strainmeter at Shizuoka and on the Fukigawa exten- 
someters) preceding the m=5.5 Yamanashi earthquake. The 
Shizuoka observatory began operation in April 1976. The ampli- 
tude scales for the two instruments are not the same, but the 
relative polarity of the strain steps is as indicated. Also included isa 
map showing the relative locations of the two observatories, the 
epicentre (C) and the Fossa Magna. 
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Rikitake'' describes a number of tilt changes that have been 
reported preceding large earthquakes. While his examples est- 
ablish that large changes of ground level or tilt occurred some 
days or hours before earthquakes, in most cases there are no: 
instrumental observations which would allow quantitative 
estimates. One exception is the Tonankai earthquake (m = 8) 
of 7 December 1944 

Levelling surveys in the region of Kakegawa (~ 150 km north 
east of the eventual epicentre) showed slight subsidence cor- 
responding to a tilt of 3x 10°° rad in the 10 yr preceding the 
earthquake. On the morning of the earthquake (which occurred 
at 13 36 LT) a level-survey team was operating north of Kake- 
gawa. Over a 2-h period (up to 12 noon) closure errors of 9 mm 
over 2 km were found, during this brief period the ground had 
tilted 4.5x10°°rad in the sense of uplift at Kakegawa. 
Comparison of a survey immediately after the earthquake with 
one completed a month before showed a tilt of about 107 ‘radin 
the region north of Kakegawa. This total tilt was in the same 





Fig. 6 Tide-gauge record from the tip of the Izu peninsula for 9 

May 1974. On this date an m = 6.9 earthquake occurred within a 

few kilometres of the tide gauge. Note that preseismic motion is 
apparent about 20 min before the earthquake. 


sense as the rapid precursory tilt on the morning of the earth- 
quake. Thus this precursory tilt and that due to the earthquake 
were approximately equal. 

A possible interpretation is the precursory tilt was due to a 
slow earthquake of moment comparable to the normal 
earthquake. 

An m=5.2 earthquake near Hollister, California, on 28 
November 1974 was preceded by tectonomagnetic effects” * and 
anomalous tilting’*. Magnetic field changes of about 1.5-2 nT 
measured at some 16 km from the eventual epicentre occurred 
over a period of about 2 weeks ending 4 weeks before the 
earthquake. The time periods involved were much less than the 
normally found precursory time for an m = 5.2 event, and at the 
distance of the observing stations, there is no anomaly coin- 
cident with the quake. 

These observations could be explained by slow earthquakes 
redistributing the regional stress in a manner similar to that 
suggested by Smith and J ohnston'’* 

On 14 January 1978, there was an m =6.5 earthquake at 
23 km depth near O-Sima Island, Japan. The epicentre was 
~33 km from the borehole strainmeter at Irosaki. From the time 
of its installation in ee meek through ena 1977 the 

j . Six weeks 
before the earthquake, a compressional excursion e 210° 
occurred over a period of about 20d. The strain remained 
relatively constant at this level until about 4d before the 
earthquake, when a dilatational trend began. This provides 
another example of stress redistribution directly preceding an 
earthquake. 


Conclusions 


It is likely that strainmeters and tiltmeters, of adequate stability 
and sensitivity, installed in active tectonic regions would and 
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have recorded similar events to the slow earthquakes reported 
here’. 

The simplest model of events leading to an earthquake is that 
stress builds up gradually in the eventual earthquake region due 
to some process such as plate motion. At some stage of stress— 
and in some areas only—dilatancy may occur. In principle, it is 
possible to detect this dilatancy through measurements of 
Vp/ Vs, elevation changes and other associated phenomena. 

We believe, however, that this is not necessarily the sequence 
for all large, shallow earthquakes. The available data suggest 
that while there may be a stress buildup in large regions due to 
tectonic processes, the stress may not become concentrated in 
the eventual earthquake region until shortly before the earth- 
quake. One mechanism for this nonlinear in time stress concen- 
tration is the slow earthquake. 

Two significant implications are: (1)if high stresses may not be 
concentrated in the source region until possibly a few days or less 
before even large earthquakes, this would set the effective upper 
limit to the warning period that a specific prediction could 


Nature Vol. 275 19 October 1978 


provide for such events. (2) If there are great slow earthquakes, 
this would be important in the excitation of the Chandler 
wobble’*”’®, 
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Aquatic sources and sinks for nitrous oxide 
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Oxidation of organic material seems to represent a source 
for N-O in a wide variety of aquatic systems. Consumption 
of the gas, attributed to microbial respiration, is observed for 
a few specific anoxic environments, 
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NITROUS OXIDE plays an important part in stratospheric 
chemistry'* and may influence the radiative budget of the 
troposphere". Concern has arisen recently®’ that human activity 
could lead to a significant increase in the source strength for 
atmospheric NO. Assessment of this possibility is hampered by 
major gaps in our understanding of processes which regulate 
N-O in the natural system. 

The gas is thought to originate primarily as a product of 
microbial metabolism®”’. Stratospheric photolysis can remove at 
most 10’ tons of nitrogen per yr and represents the only cur- 
rently established atmospheric sink”'°. The magnitude of the 
global source is uncertain, with particular controversy attached 
to the role of the ocean. 

Hahn'' (also Hahn and Junge’*) concluded, from limited 
measurements of dissolved N.O. that the ocean should 
represent a major source for atmospheric N20, contributing as 
much as 10 times the quantity of gas consumed in the stratos- 
phere. McElroy et al. argued, from consideration of marine 
productivity, that the oceanic source should be small and raised 
the possibility that microbial respiration in conditions of low 
oxygen could offer an important sink for marine N,O. They 
speculated that consumption of N,O might exceed production 
on an integrated basis for the world’s oceans. 

This article summarises recent results which attest to the 
complexity of the aquatic nitrogen cycle as it affects N,0. We 
present data from Central and South East Tropical Regions of 
the Pacific Ocean, and from Chesapeake Bay. Our results 
support the view ™? 415 that oxidation of ammonium and amino 
nitrogen, nitrification, should represent a major source for 
marine N,O. They allow a quantitative estimate for the relevant 
source strength, implying a global yield for oceanic N20 of less 
than about 10’ tons N yr '. Data from the South-east Tropical 
Pacific and from Chesapeake Bay demonstrate consumption of 
dissolved N,O in conditions of low oxygen, as observed by 
others'*'°. There is no evidence to date, however, for consump- 
tion of atmospheric NO by the open ocean. We report preli- 
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minary observations indicating consumption of atmospheric 
N-O by a number of aquatic systems, including a freshwater 
pond and a tidal saltmarsh. 


Central Pacific 


The data discussed here were collected between 2 and 18 
December 1977 on the Norpax Leg H cruise of the RV Kana 
Keoki. Samples were taken to depths of 1,000 m every degree of 
latitude along the 150° W meridian, between 17° S and 20°N, 
and were analysed for temperature, salinity, O-, N,O, NOz, 
NO3, NHj, PO? and SiO,. Analytical techniques are discussed 
elsewhere ™? 5. 

Cross sectional contours for N-O, PO? and NO; exhibit 
several similar structures (Fig. 1). Highest concentrations of 
N,O are observed at 9°N at a depth of 129m in an intense 
feature associated most probably with upwelling in the north 
tropical divergence zone'’. This feature may be seen also in the 
contours for PO” and NO,. Highs in N-O at 17° N (128 m) and 
4° § (502 m) are similarly correlated with structure in PO} and 
NO. 

Concentrations of NO in surface waters are generally close to 
equilibrium with the atmosphere. Largest surface concen- 
trations are observed in the zone of high productivity associated 
with the equatorial upwelling, where N-O is supersaturated with 
respect to air by a factor of ~ 1.4. 

On average, surface waters are supersaturated with respect to 
the atmosphere by a factor of ~1.25 (+0.1), equivalent to an 
excess of N,O equal to 38+ 10 ng NI”'. The uncertainty in this 
quantity reflects imprecision in the available solubility data, 
errors associated with the application of these data to seawater, 
and inevitable uncertainties introduced by subtraction of nearly 
equal experimental quantities. 

Highest concentrations of N,O in Fig. 1 correspond to regions 
of low oxygen. It is of interest to consider the relationship 
between AN,O and AO), where AX defines the excess of X with 
respect to the atmosphere at the local water temperature and 
salinity. The quantity AN,O provides a measure of the net 
accumulation of N,O in a water mass since its last contact with 
the air. By the same token ~ AO, provides a cumulative record of 
the net quantity of oxygen consumed over the same period due 
to oxidation of organic material. 


© Maemilian Journals Ltd 1978 


Nature Vol. 275 19 October 1978 





Fig. 1 Cross sections for a, N20 (ug17); b, NO3 and c POF (ug-atm I’) along the 150° W meridian in the tropical Central Pacific Ocean 
Experimental precision is better than 3% for N20 and 0.1 pg-atm 17’ for NOJ and PO}. 


Figure 2a shows a plot of AN,O against —AO, (the apparent 
oxygen utilisation or AOU). We include here all of the data in 
Fig. 1, except for results from active regions at 17°N and 
8-13° N (above 200 m) and from 2 to 4° S (above 500 m). The 
results indicate (see also ref. 14) that a linear relationship may 
exist between AN,O and —AO,, and that this relationship may 
hold over extensive regions of the world’s oceans. Indeed data 
from active zones may also exhibit linear dependence of AN,O 
on —AQ, (Fig. 2b). The value for AN,O is, however, larger in 
this case for any particular choice of —AQ,. 

The linear behaviour exemplified by Fig. 2 suggests that 
production of NO, at least for portions of the ocean below the 
mixed layer, may occur primarily as a byproduct of the oxidation 
of organic material'*. Production of N,O during nitrification, 
observed in culture for both soil” (Nitrosomonas europaea) and 
marine (Nitrosococcus oceanus) organisms (unpublished data 
from this laboratory) offers a plausible explanation. If we 
assume that the C:N:P ratios in marine o ic material are 
similar to values quoted by Redfield et al*’, 106:16:1, and 
assume further that the stoichiometry of decay may be 
represented by 


(CH2O),06(NHs)16(HsPO,)+ 1380, 
| —+106C0, + 122H,0 + 16HNO, + HsPO,, 


then the data ın Fig. 2 may be used to estimate the corresponding 
yield for N,O. The behaviour exhibited in Fig. 2a suggests that 1 
molecule of N20 may be formed on average for every 4,700 
carbon atoms which undergo oxidation. 

The difference in slopes exhibited by the data in Fig. 2a and b 
might be attributed to various factors—differences in the C:N:P 
ratios of organ material; intrinsic differences in the yield for 
production of N,O; in situ production and loss of O, due to 
photosynthesis and respiration; complications due to admixture 
of different water masses; and additional sources of N20 in 
active regions associated either with denitrification or with 
assimilatory reduction of nitrate. It seems that AN,O may be an 
increasing function of temperature at given AOU. The relation 


AN,O = —0.46+{0.180+0.0277} AOU, 25>T>5°C 


with AN,O and AOU measured in units of pg I and ml!" 
respectively and with T in °C, provides an excellent fit to all of 
the data except results from the active region between 8 and 
11° N. The root mean square deviation of the data from values 


predicted on the basis of the above relation is only 0.3 pg 1™ for 
238 observations characterised by an average value of AN,O 
equal to 1.4 wg’. The higher yield for production of N,O at 
elevated temperature is consistent with temperature sensitivities 
observed in the laboratory by Yoshida and Alexander”. 


Fig. 2 N,O observations (Fig. 1) expressed as excess N,O plotted 
against apparent oxygen utilisation. Most of the data are shown m 
(a) but data from the active regions at 17°, 13-8°N, and 2-4° S are 
plotted separately in (b). The straight lines are least fits, 
which yield rms. deviations of 0.37 and 0.6 pg I? for (a) and (b) 
respectively. Data points from the mixed layer (AOU <0.3 ml 17°) 
are not included. The measured concentration of atmospheric N,0 
was 291 parts per 10° (by volume) (p.p.b.). 


AN,O (ug 17°) 





AOU (mi 173) 
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Peruvian upwelling 
An extensive series of measurements was carried out off the 
coast of Peru from the RV Knorr between 20 and 31 March 


The empirical relation provides excellent agreement with 
N-O measurements below 300m and is in accord also with 
observations at 30 and 50m. A major discrepancy exists 
between 100 and 300m. Comparison of observed and cal- 
culated profiles suggests that consumption of N.O may be 
important in this zone. Indeed the observed concentration of 
N20 is undersaturated with respect to the atmosphere between 
150 and 250m, a region in which oxygen concentrations lie 
below 0.1 mili. 

The zone of low O, and N.O includes a maximum in the 
concentration of NO}, a feature attributed by others'** to 
reduction of NOs. The minimum in N,O almost certainly 
reflects respiration of the gas at low concentrations of O, as 
suggested by McElroy et al. and by Cohen". It is consistent 
with a model” which invokes a major role for denitrifying 
bacteria at concentrations of oxygen below 0.1 ml 1+. 

Further support for the role of denitrifying bacteria may be 
inferred from incubation experiments carried out as part of the 
present sequence of observations. Most samples for N,O analy- 
sis were killed immediately with HgCl,. A number of samples, 
however, were incubated live, in 60 ml BOD bottles. Some of 
these samples were treated with trace concentrations of C-H, a 
procedure known” to inhibit reduction of NO by denitrifiers. 
Samples of water from regions of low O,, treated with C,H,, 
showed generally high concentrations of N,O following 18-day 
incubation intervals. In one case a sample, with an initial 
concentration of N,O equal to 1.3 ugl’, developed a concen- 
tration of N,O of 4.3 ugi’ within an hour of application of 
C,H). The concentration of N,O had reached 191 ugl ' after 18 
days, indicating accumulation of N as NO in an amount 
equivalent to ~30% of the starting concentration of NO3. 
Results from eight other C,H, treated incubation experiments 
showed 18-day N;O concentrations in the range 3.3 to 
47.0 ugl'. Net consumption of N.O was exhibited by all 
samples incubated without C,H. 


Other systems 


Figure 4 summarises N,O observations taken in Chesapeake 
Bay during July 1977. The data were acquired in waters with 
total depths in excess of 13m, and show clear evidence for 
consumption of N,O below the seasonal thermocline. 

There appears to be an abrupt change in the behaviour of NLO 
when the concentration of O, falls below 1.4 ml1~'. Waters are 
then undersaturated in N,O with respect to air. Indeed at several 
stations, concentrations of both O, and NO were observed to 
lie below present detection limits of 0.1 mi1’ and 0.02 pg r ' 
respectively. 


Fig. 3 Depth profiles for N O, mineral nitrogen, oxygen and 

temperature for a station at 15°10.6'S, 75°35.5' W, in the region of 

Peruvian upwelling. The dashed line represents the relationship 
ANO = —0.46+0.1804+0.027T AOU. 


NO tag} 4 
> 3 O 10 2% WwW Æ § 
erat enews i ans x E acta aie . omen 


Nutrients (up-atm E 5} i 5 40 js 34 ees 





gor NH; on 
ee yO 
“o 3° t 
u i ja i 
7 200-5 p A t 
Eo | s ‘ 
£ 300- Gi Te j y NO; in 3 
E. i i \ : x 1 / 
G i aa: Ls 
ra Ly i x. ‘oe 
405 ie i s, z / 
: 4: i ; f 
i y : apor | \ / 
zð- è j ‘ 
enone marine See cE RECLELPLEPECELE ES lL EEL 


re : 


Nature Vol. 275 19 October 1978 


CORI DG CRS Veena eens: Coma tapers s S aiai i e mreatnisararanantiman ninaannana — Br (eons ace aaa | 








f i 
200}- i 
me 4150 
om * : 
m f 
* į 
10 
Fe ® im Om Om ~4 
_---tretemnmisneneinsrtreteeAateeereenmneneanitestataniee 
as Sm vm a Dm | e 
T Sm e i 3 
ae ea treet a e T oa 
ai ~ 
x «Om i bart 
= 7 2 53 
e ; v 
ROSEE 4 z 
A | Station Z8 » } i = 
m | © 0} 450 Z 
A ~ 
3 l xt oh6¥ = 
A 34 a py 
<} | IA + odd 
37 8 1 
H az x | 
s PSE EE aaa Í 
Jo 
| 
ERE ee) RPO NEDA EREE He Ere ae eee ee 
3 4 $ 6 ? 8 





Fig.4 N,Oand O, data for Chesapeake Bay. The % saturation of 
N20 is given relative to the observed atmospheric concentration of 
291 p.p.b., for T= 27 °C. 


Depth profiles for N,O, O3, temperature, salinity and mineral 
nitrogen are shown for two stations in Fig. 5. Station A, included 
in Fig. 4, illustrates the rapid decrease with depth below the 
thermocline observed for both N,O and O;. Note that NH is 
the dominant form of mineral nitrogen at all depths in these 
waters. Station B, occupied following a period of cool windy 
weather, shows evidence for transient breakdown of the ther- 
mocline, with associated mixing of deep and shallow waters. 
Note in this case that surface waters seem to be undersaturated 
in N,O with respect to the atmosphere, suggesting that in 
summer the Chesapeake may represent at least a transient sink 
for atmospheric N,O following periods of rapid vertical mixing. 
A more extensive sink may occur in anoxic muds associated with 
tidal saltmarshes as indicated by preliminary studies of a marsh 
on the margin of the bay at the Choptank River. Waters draining 
this marsh at low tide were undersaturated in N O by 30% with 
respect to alr. 


Fig. 5 Depth profiles for N20, Oj, T and S in Chesapeake Bay 

for station (a), occupied 14 July 1977, and nearby station (b), 

occupied 27 July 1977. Weather was generally warm and stable, 

except for a cool windy period 25-26 July. Note undersaturation of 

N20 in surface water and nearly isothermal structure at station (b). 

Location of (a) is 38°50'0S"N; 76°23’53" W; location (b), 
384V 15” N; 76°25'00" W., 
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Consumption of NO seems to arise for at least one other 
system at oxygen concentrations below 1.4 mi I~’. Figure 6a 
shows a summary of results obtained in a diurnal study of a 
shallow pond (denoted pond A) in Concord, Massachusetts, a 
system reported elsewhere” to represent a sink for atmospheric 
N20. The present study confirmed that this pond was under- 
saturated in N-O over a complete diurnal cycle. Concentrations 
of O, are relatively high during the day, reflecting a strong 
photosynthetic source. Concentrations of N,O increase with 
time when O, concentrations are above 1.4 ml1™', reflecting, 
presumably, infusion of gas from the air. Figure 6 gives clear 
evidence for consumption of N-O at oxygen levels below 
1.4 ml 1’. In contrast to pond A, the adjacent pond B remains 
well oxygenated through the night. It functions as a source of 
atmospheric N,O and exhibits a relationship between N,O and 
O- sumilar to that observed in the Central Pacific (see Fig. 60). 

It is probable that the sinks observed for NO in both the 
Chesapeake bottom water and in the pond discussed above, 
reflect utilisation of the gas as an electron acceptor by micro- 
organisms functioning at low levels of oxygen. Alternate elec- 


Fig.6 a, Time rate of change for the concentration of N,O in 
Concord pond A, shown as a function of dissolved oxygen. The 
pond is about 0.4 m deep and is stagnant, with no surface outlet. 
The water contained abundant flora but had negligible mineral 
nitrogen and was undersaturated in oxygen and nitrous oxde 
throughout the experimental period. b, Variations of NO and O- 
for Concord pond B. Quantities plotted represent differences 
between concentrations measured during the night, and concen- 
trations measured at sunset, a procedure adopted to avoid con- 
fusion due to photosynthetic production of oxygen. Pond B 
contained appreciable dissolved NO3 (~10 pg-atm!™’) It is 
located adjacent to pond A and has a surface inlet and a surface 
outlet, with a water retention time of ~3 days. N20 was super- 
saturated with respect to the atmosphere at all times, while 
concentrations of O, ranged between 3 and 7 mil7'. The best-fit 
linear relation between NO and O; is given by AN,O = —0.235 
(+0.16)— AO, x 0.32 (+0.06), close to the average line for all data 
from the Central Pacific. 
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tron acceptors, such as NO; and NO3}, are present in relatively 
low concentration in these systems, in contrast to the Peruvian 
upwelling regions where NO; and NO; are relatively abundant. 
It would be tempting to attribute consumption of N,O in all 
these systems to denitrifying bacteria The hypothesis that deni- 
trifying bactena may effect removal of N,O is supported for 
Peru by the inhibition experiments described earlier. Further 
work is necessary to clarify the nature of the sinks operative in 
the pond and bay. 


Conclusions 

Data from the Central Pacific, Peru, Chesapeake Bay and 
various ponds and rivers demonstrate that aquatıc systems 
contain both sources and sinks for N,O. Nitrification may 
represent a dominant source for N,O in both freshwater and 
saltwater systems. Observations from the Pacific, elaborated 
above, and from various rivers and ponds'”"* (see also Fig. 6b) 
support this conclusion. Present observations suggest that 
approximately 1 mol of N,O is formed for every 700 mol of 
NH4 which undergo oxidation. 

A similar yield was observed in the laboratory for soils at 
comparable pH by Bremner and Blackmer™, suggesting that 
this yield may have wide application. Indeed mitnfication could 
represent a dominant global source for atmospheric N,O. 

The marine contribution to atmospheric NO should not 
exceed 10’ tons N yr’. This follows from the assumption of a 
C:N ratio equal to 6.6 for the marine biosphere”. It applies if 
the rate for marine fixation of carbon**** is 2x 10!° tons C yr“ 
and if one can ignore assimilation of reduced forms of N by 
phytoplankton. A source of ~10’ tans N yr~’ is consistent with 
most of the available marine data and is in accord with the Pacific 
surface measurements discussed here. 

As discussed by McElroy et al’’, it 1s difficult to derive a 
reliable value for the global source strength of N,O based on 
limited data from surface ocean waters. However, applying the 
conventional procedure'’''? to our data for the surface waters of 
the Central Pacific gives an estimate of a marine source for 
atmospheric N,O of 7 x 10° tons N yr™’ between latitudes +20°. 
To make this estimate one must assume negligible time van- 
ability in the concentration of dissolved N-O ın surface water, 
zonal uniformity in the excess of its concentration with respect to 
the atmosphere, and a constant piston velocity. From our own 
data (Figs 1 and 3) it seems unlikely that these assumptions apply 
to the world oceans, although the resulting estimate is coin- 
cidentally close to the upper limit provided by the oxidation 
model. The multiple equilibration procedure used here provides 
from each analysis a measure for the solubility of N,O in 
seawater. Our data suggest a solubility perhaps 10% larger at 
25 °C than that deduced from ref. 27 and would imply therefore 
that the source estimated from the thin-film model should be 
reduced by 30%. Note that the final concentrations of dissolved 
N20 deduced from our analyses are independent of the solu- 
bility coefficient for the gas. 
~ Microbial respiration in conditions of low oxygen can 
represent a sink for atmospheric N,O. The importance of the 
process on a global scale is not clear. It has been demonstrated 
here only for relatively small scale environments. Results from 
the Chesapeake marsh are intriguing, however, ın that coastal 
marshes and wetlands occupy significant areas of the globe, 
about 2 x 10° km?, comparable to areas occupied by regions of 
intensive coastal upwelling. Further studies are obviously 
required to quantify the part which biological uptake may play in 
the global budget of N,O. 

We acknowledge the hospitality of Norpax (North Pacific 
Experiment) and we thank K. Wyrtki, B. Patzert, T. Clarke, 
E. D. Stroup, S. Watson and G. A. Berberian for their contribu- 
tions. We are indebted to J. Ledwell, L. Hashimoto and A. P. 
Durán for useful discussions. This work was supported by the 
US NSF and NASA under grant ENV76-24239 and contracts 
NASW-2952 and NSG 2031 respectively to Harvard Uni- 
versity. 


606 


Received 12 May, accepted 10 August 1978. 


. Crutzen, P. Q JI R. meteor. Soc, 96, 320-325 (1979). 

. Johnston, H., S. Science 173, 517-522 (1971). 

. McElroy, M. B. & McConnell, J. C. J. atmos. Sci. 28, 1095-1098 (197 1). 

. Micolet, M. & Vergison, A. Aeron. Acia 0, 1~26 (1971). 

. Wang, W. C., Yung, Y.-L.. Lacts, A. A., Mo, T, & Hansen, J. E. Science 194, 685-690 
(1976), 

6, McElroy, M B., Wofsy, $. C. & Yung, Y.-L. Phit Trans. R. Soc. 277B, 159-181 (1977). 
7. Council of Agricultural Science and Technology, Effect of Increased Nitrogen Fixation on 
Straiospheric Ozone (Department of Agronomy, lowa State Univ., Ames, 1976). 

&. Arnold, P. W. J. Soil Sci. 5, 116-126 (1954). 
9. Bates. D. R. & Hays, P. B. Planet Space Sci. 18, 189-197 (1967). 
i0. Johnston, H., $. & Selwyn, G. Geophys. Res. Lett 2, 549-551 (1975). 
11. Hahn. J. Tellus 26, 160-168 (1974), Meteor Forsch.-Ergebn. A 16, 1~16 (1975). 
12. Hahn, J. & Junge, C. Z Naturforsch 32a, 190-214 (1977). 
13. McElroy, M. B., Elkins, J. W., Wofsy, $. C. & Yung, Y.-L. Reo. Geophys. Space Phys. 14, 
143-150 (1976). 


th te Ww ee 


Nature Vol. 275 19 October 1978 


14. Yoshinari, T. thesis, Dalhousie Liniv. (1973): Mar. Chem. 4, 189-202 (1976). 

15. Cohen, Y. & Gordon, L. T. Deep Sea Res. 6, 509-525 (1978}. 

16. Cohen, Y. Nature 272, 235-237 (1978). 

17. Kaplan, W. A. et ai. Pure appi Geophys. 116, 423-438 (1978). 

18. McElroy, M, B. et al. Limnol. Oceanag. (in the press). 

19. Knox, G, A. in Scientific Expioration of the South Pacific (ed. Wooster, W. S.) 155-182 
(Natn Acad. Sci, Washington D.C., 1970). 

20. Yoshida, FT. & Alexander, M. Soil Sei. Soc. Amer. Proc. 34, 880-882 (1970). 

21. Redfield, A. C., Ketchum, B. H. & Richards, F. A. The Sea $, 26-77 (1963). 

22. Fiadeiro, M. & Strickland, J. D. H. J. mar. Res. 26, 187-201 (1968). 

23. Yoshinari, T., Hynes, P. & Knowles, R. Soil Biol Biochem. 9, 177-189 (1977). 

24. Bremner, J. M. & Blackmer, A. M. Science 199, 295-296 (1978). 

25. Koblentz-Mishke, O. J., Volkovinsky, V. V. & Kabanova, J. G. in Scientific Exploration of 
the South Pacific (ed. Wooster, W. S.), 183-193 (Natn Acad. Sci. Washington D.C., 
19760), 

26, Whittaker, R. H. & Likens, G. E. In Primary Productivity of the Biosphere (eds Leith, H. & 
Whittaker, R. H.) 305-325 (Springer, New York, 1975). 

27. Markham, A. E. & Kobe, K. A. J. Am chem. Soc. 63, 449-454 (1941). 








Nautiloid growth rhythms and dynamical 
evolution of the Earth-Moon system 


Peter G. K. Kahn* 


Department of Geological and Geophysical Sciences, Princeton University, Princeton, New Jersey 08540 


Stephen M. Pompea 


Department of Physics, Colorado State University, Fort Collins, Colorado 80523 


Daily growth lines and lunar monthly septa are formed in 
Nautilus pompilius Linnaeus shells. The number of days 
per lunar month determined using fossil shells has 
increased dramatically during the last 420 Myr, indicating 
that during this period the Moon revolved more rapidly and 
was much closer to the Earth than has previously been 
expected. 
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THE hypothesis that the Moon and Earth have been closer in 
Phanerozoic times has received considerable support from stu- 
dies of the growth cycles of corals™?, bivalves**, brachiopods” 
and stromatolites'®'', as well as from astronomical studies of 
tidal friction’*"'*. These studies yield information about the 
rotation rate of the Earth, or the number of days per year, which 
is consistent with a closer and faster revolving Moon in earlier 
times. Tidal friction, by which bulges raised in the oceans by the 
Moon exert a torque on the Moon, implies the gradual expan- 
sion of the lunar orbit as well as an increase in the length of day 
with time. Both of these predictions have been confirmed for 
recent years by occultation measurements'’, and for historical 
times by studies of ancient eclipses'*. Unfortunately, the past 
dynamics of the Earth~-Moon system cannot be derived solely 
from theoretical calculations based on recent and historical 
astronomical observations since tidal friction is critically 
dependent on sea level and continental configurations, both of 
which have changed markedly in the geologic past. Since an 
accurate charting of lunar orbital evolution has profound impli- 
cations on lunar origin theories and on cosmological theories’’ 
which predict lunar orbital expansion as a consequence of a 
varying gravitational constant, another approach is needed. 
One viable approach to prehistoric lunar dynamics is through 
palacobiology'*. Nautiloids are organisms which possess a long 
evolutionary history (~500 Myr), but until now, they have not 
been investigated as possible geochronometers. We shall 
examine the hypothesis that there are daily and lunar monthly 
growth records preserved in the shells of Nautilus, and also in 
the fossil nautiloid shells beginning in the Ordovician, and 
discuss the implications for the evolution of the Earth-Moon 
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system. This synthesis suggests that the rate of lunar orbital 
evolution has been much greater in the past 420 Myr than 
short-term astronomical studies and theoretical calculations 
indicate. 


Growth of Nautilus 


Although nautiloid fossils are found throughout the world, the 
chambered Nautilus survives in the southwestern Pacific Ocean 
as the only genus of externally shelled cephalopods. Obser- 
vations of Nautilus in situ are limited because of its nocturnal 
habits and its habitat—depths of up to 400 m and away from land 
masses. Observations on juvenile Nautilus are extremely 
limited”. Thus, our study of Nautilus growth relies primarily on 
a study of shell macro and micro-structure, rather than on 
observations of the living Nautilus in its natural surroundings. 

As Nautilus grows, convolutely coiling its shell in the shape of 
a logarithmic spiral (Fig. 1), it incorporates two kinds of rhyth- 
mically repeating structures. One is the secretion of the outer 
shell at the aperture: miniscule incrementations of calcium 
carbonate occur in sets of three to five, separated from preceding 
and succeeding sets by a ridge known as a growth line. The other 
rhythmic pattern is septation, by which the parts of the shell 
abandoned by the animal are partitioned off into chambers. 

The aperture receives new growth increments at the margin, 
approximately half a volution ahead of the chamber wall. The 
organism periodically pulls itself towards the extended aperture 
and deposits another septum behind it. No direct time associ- 
ation, therefore, exists between these two growth measures. A 
span of months separates the deposition of a chamber wall and 
the growth lines counted for that chamber. However, 
throughout the animal’s life these septa are placed at remark- 
ably regular intervals in the shell (Fig. 1). 

As shown in Fig. 2, the number of growth lines per chamber 
length in N. pompilius is 30 + 2, a relationship that seems to hold 
throughout ontogeny. The present length of the lunar synodic 
month is 29.53 days. This suggests that one growth line is 
deposited each day and one septum is developed each lunar 
synodic month. While the growth rates and life habits of Nau- 
tilus remain to be studied extensively, the following lines of 
evidence suggest that this timing is reasonable. (1) Other 
molluscs show tidally induced or circadian skeletal banding at 
about the same rate of growth’. (2) The activity cycle and 
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Fig. 1 Longitudinally sectioned shell of Nautilus pompilius show- 
ing A, margin of aperature where growth lines are secreted; B, 
body chamber where animal lives; C, septum or chamber wall; D, 
chamber space. The number of growth lines per chamber length 
(between arrows) can be counted using a scanning electron micro- 
scope. These counts reveal a constant number of growth lines per 
chamber. If our hypothesis is correct, the chambers are secreted at 
lunar monthly intervals. 


depth migration*' (movement into shallow waters at night) of 
Nautilus and the attendant stress on physiology makes the 
expression of a daily rhythm in the skeleton seem very likely, 
particularly when considering the effect of periodic respiratory 
changes upon growth line formation. (3) Experimentally 
reared cephalopods (Sepia and Sepiella) showed daily lines”. 
And (4), that successive septa are formed at intervals of at least 
several weeks has been supported by studies of the gas content 
of Nautilus chambers**** 

Therefore, we accept as a working hypothesis the idea that the 
rate of secretion of growth lines is circadian, and chambers 
circa-lunar. Thus, one rhythm is tied to the Earth—Sun relation- 
ship, the other to the Earth-Moon. 


Growth line counts 


The chambered cephalopods, including nautiloids, are probably 


among the most accurately dated of all fossils, due to their rapid 
evolution and extensive preservation in sedimentary deposits 
around the world. Fossil nautiloid growth lines are quite easily 
discerned, well preserved, and unamibiguous, as shown in the 
photographs of growth lines (Figs 4, 5). The growth rhythm of 
nautiloids appears to manifest itself not just in regional settings. 
For example Aturia sp. found in Australia exhibits essentially 
the same growth rhythm as Aturia curvilineata found tn Florida 
(Table 1). As nautiloid growth lines are believed to be daily in 
nature and not tide-induced, determination of the nature of the 
tidal cycles present in the animal's habitat is unnecessary. All of 
the above factors fulfill criteria essential for reliable and useful 
nautiloid growth line counts in geochronometry. 

Growth lines are present on many superbly preserved fossil 
specimens. Growth lines on N. pompilius were examined and 
photographed using a scanning electron microscope or a 
stereoscopic optical microscope with oblique light to accentuate 
the growth lines. 


Fig. 2 Scanning electron micrograph of the growth lines present 
on the outer shell of a recent Nautilus pompilius, ventral section. 
The number of growth lines per chamber (between arrows) 
averages 30. The number of days per lunar synodic month is 29.53. 
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The number of growth lines per chamber was counted on 154 
different chambers of 9 recent and 29 fossil nautiloid specimens 
(Table 1). The specimens represent nine geologic periods and a 
range of about 420 Myr. Figure 1 illustrates the structure of the 
N. pompilius shell, showing the location of growth line counts 
Figure 2 reveals the distinct growth lines on the ventral side. All 
of the counts of growth lines per chamber for consecutive 
undamaged chambers of recent N. pompilius approximated 30 
(Table 1). For individual chambers, the number of growth lines 
ranged from 28 to 34; the average for all chambers of all 
specimens was 30 + 2, The radial lirae, or ridges, on the internal 
layer of the initial whorl of three N. pompiltus specimens were 
counted, consistently revealing 26-32 lirae per chamber (Fig. 3), 
an average of 29 per chamber per specimen 

As we go back in geologic time, the number of growth lines 
per chamber decreases. The number of growth lines per cham- 
ber had increased from 9 at 420 Myr ago to 30 today (Table 1) 
Three broad conclusions can be drawn from our data. First, the 
number of growth lines per chamber ts constant for the various 
chambers in a single specimen. Second, many of the nautiloids 
living at any given time secrete the same number of growth lines 
per chamber. This seems to imply a ubiquitous rate of septal and 
outer shell deposition at any particular geologic time. Third, and 
most important, the number of growth lines per chamber 
decreases with increasing geologic age (Fig. 6) 





Fig. 3 Ventral section of Nautilus pompilius exposing the radial 

lirae on the interior of the chambers of the initial whorl. The liras 

correspond to external growth lines, and their number /chamber 

averages between 28 and 30. Arrows mark chamber walls, Scal 
bar, 0.5 cm 


Application to Earth-Moon system 


By assuming that septal secretion was controlled in the same way 
for fossil nautiloids (on a lunar synodic monthly basis), we can 
calculate the period of the Moon’s orbital motion and the 
Earth-Moon distance up to 420+ 10 Myr in the past, the age ol 
our earliest specimens. The calculations made involve the 
following assumptions: (1) The length of the sidereal year is 
assumed to be constant by virtue of the large moment of inertia 
of the Earth around the Sun”. (2) The Earth's period of rotation 
is assumed to have increased at the rate of 25 s per million years, 
the consensus result indicated from ancient eclipse studies’ 
some astronomical studies*’, and from palaeontological studies 
of fossil corals’. (3) The mass of the Earth and Moon have 
remained constant for the past 500 Myr. We assume also that 
the gravitation constant is unvarying. (4) To simplify cal 
culations, the barycentre of the Earth-Moon system ts taken as 
the centre of the Earth. 

Although the number of days in the synodic month seems to 
be recorded by nautiloids, for our orbital calculations the 
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Fig.4 Close-up of the outermost shell layer with growth lines on a 

remarkably preserved Eutrephoceras dekayi from the Pierre Shale 

of South Dakota (Upper Cretaceous, ~69.5 Myr ago). The number 

of growth lines per chamber (between arrows) 1s 22 + 2. If chamber 

secretion involves a lunar monthly rhythm, then the Moon circled 
the Earth every 22 days, 69.5 Myr ago. Scale bar, 1 cm. 


sidereal month must be used. Following Runcorn”, the rela- 
tionship between the synodic month S,, the sidereal month S, 
and the present year length Y, can be expressed for any geologic 
time as: 

S=S,/(1+S,/ Y) 


To avoid confusion originating from changes in the day length, 
these values are expressed in hours. Applying Kepler’s third law, 
neglecting eccentricity, yields the semi-major axis of the Moon's 
orbit for any geologic time. 


Mode of life of Nautilus and nautiloids 


Nautilus pompilius Linnaeus does not crawl on the ocean 
bottom, but instead is an active epibenthic swimmer. Several 
lines of evidence point to a similar mode of life for most fossil 
nautiloids, particularly the development of ribbing and coiling of 
shells and of chambers with gas and cameral deposits to main- 
tain the body chamber in a horizontal position. This orientation 
would be essential for any nautiloid to propel itself effectively. 

Three species, Welleroceras liratam Miller and Furnish, 
Pseudorthoceras knoxense McChesney, and Orthoceras uni- 
camera, did not fit the general trend shown in Fig. 6. However, 
counts for these shells did possess integral multiples of the 
predicted number of growth lines per chamber length. One 


Fig.5 Dorso-ventral section of an orthocerid ~326 Myr old. The 


arrows mark the different chamber walls. There are a constant 

15+ 1 growth lines per chamber, the same number possessed by 

other nautiloid genera from almost time equivalent Mississippian 
formations. Scale bar, 1 cm. 
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species, Pseudorthoceras knoxense, had growth lines grouped 
together in threes, and the number of growth line groups was 
equal to the growth line counts of other specimens of that time. 
The evidence suggests that the modes of life of these three 
nautiloid species did not resemble that of modern Nautilus. 
Though depth ranges of fossil cephalopods are difficult to 
establish’’, we suggest, based on morphologic’ and palaco- 
ecologic studies*', that these three, each displaying weak septa, 
may have been restricted to a relatively shallow shelf and inland 
sea habitat (50-100 m depth). In addition, the Welleroceras 
liratum may not have been able to maintain a horizontal orien- 
tation and may have moved by crawling with its tentacles’. How 
strongly their ecologic niche was influenced by tidal interference 
and if this is reflected in their growth pattern is not known. Thus, 
specimens with relatively weak septa and/or inability to main- 
tain the body chamber in a horizontal position could not be 
active deep water swimmers like Nautilus. Those fossil speci- 
mens of the orders Orthocerida and Nautilida that fit the growth 
trend are considered to have withstood similar depths as recent 
Nautilus”. 

The eyes of Nautilus, like those of other cephalopods, are 
quite sensitive to variations in amount of light, despite the 
absence in Nautilus of iris, lens, and eyelid**, Large numbers of 
cephalopods migrate upwards at night**, and Sepia becomes so 
buoyant in darkness that it cannot help but rise. As for 
Nautilus, its activity has been reported*'*', although not 
confirmed'”, to be related to light and darkness with the animal 
becoming active at sunset and migrating nocturnally to lesser 
depths. 

Whether the Nautilus secretes growth lines and septa during 
the day, when it rests in deep water, or at night, when it actively 
feeds, remains unknown. A theory of molluscan growth line 
formation based on respiratory changes™* would imply that the 
growth increments are reflections of alternating periods of shell 
deposition and dissolution occurring during aerobic and 
anaerobic respiration, respectively. It might be speculated that 
for Nautilus the acrobic respiration occurs at night in warmer, 
shallower water, with anaerobic respiration during the day in 
colder, deeper waters. The issue of daily migratory habits that 
this latter thesis implies remains at present unresolved’ A", 


Other astronomical evidence 


Other astronomical measurements of changes in the lengths of 
the day and the lunar distance may be compared to those 
obtained from our study of nautiloid growth rhythms. The 
short-term astronomical approach utilises careful measure- 
ments of the Moon's position through occulations timed by 
atomic clocks'*’. Although astrometry can determine precisely 
the rotation rate of the Earth, it cannot give the secular 
acceleration because, over periods from a few days to several 
centuries, the acceleration is dominated by non-cumulative 
fluctuations*®. Historical records of ancient solar eclipses'® pro- 
vide a means of studying the evolution of the Earth-Moon 
system for the past 3,000 yr. This approach yields clear evidence 
that the lunar orbit and the length of the day have increased 
during this period. The lunar laser ranging experiment can now 
measure the distance to the Moon with an accuracy of about half 
of the predicted yearly lunar recession”’, and thus will soon be 
able to provide direct data on changes tn the lunar distance. 

From the ancient eclipse study'", the rate of change in the 
lunar orbit semi-major axis is d/a = 1.5x 10 ™ parts yr‘, or a 
recession of the Moon of 5.8 cm yr '. The value for the Earth- 
Moon distance 69.5 Myr ago is 0.840 times the present distance 
(Fig. 6). This implies an average change in the lunar orbit 
semi-major axis of 26.6 Xx 10 '" parts yr ' or an average reces- 
sion of 94.5 cm yr '. This is 17 times the rate from the ancient 
eclipse studies and implies (if this rate is the correct long-term 
one) that the recent dissipation is not typical for past geologic 
time and that additional energy sinks may be involved. 

The unfortunate problem inherent in the astronomical 
approach is that there is no way of knowing whether the last few 
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decades of lunar orbital evolution, or even the last few thousand 
years, are typical of the evolution which occurred over geologi- 
cal times. To extrapolate from a few thousand years to several 
hundred million ts quite risky. Whether the rate of lunar orbital 
change for the last few thousand years is a ‘minor fluctuation’ 
compared to the millions of years of geologic time is not easily 
determined. 
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The only ‘long-term’ study (on a time scale of millions of 
years) is Wells’ palaeontological study’ on daily and annual 
banding m corals, the results of which suggest a much slower 
lunar recession than the nautiloid data does. Although the 
existence of annual banding on corals is well established, there is 
some question about daily banding in modern corals. We have 
seen no research indicating daily bands, except for Wells’ 


Table 1 Characteristics of available nautiloids 
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Flg.6 Plot of the number of growth- 
lines per chamber length and Earth- 
Moon distance against geologic time 
showing the tendency towards 
increase in the number of nautilod 
growth lines/chamber with time. 
The points are fitted by a third 
degree polynomial least squares fit. 
Note the consistency with which 
nautiloids of each era have the same 
number of growth lines per chamber, 
with the only exceptions being the 
three specimens of Carboniferous 
age, which reflect multiple integrals 
of the predicted constant number. 


Independent evidence suggests that 


Growth lines per chamber 


these species, in contrast to the other 0 50 100 


nautioids studied, lived in a shallow 
water regime subject to tidal inter- 


observation of one coral species in which this seems to occur. 
Usually incomplete lunar monthly cycles reflect more the coral’s 
environment of growth than lunar periodicity. Other re- 
searchers report that the maximum density of reef ‘coral 
skeletons is only associated with periods of above average 
seawater temperature’’. Growth patterns vary considerab 
among modern individual corals, even of the same communi 
The potential of corals as geochronometers is seriously limited 
by the absence of daily and monthly growth patterns in vertical 
sections of coral skeletons”. 

The nautiloid data can provide long-term evidence for the 
length of the day. By assuming only that the angular momentum 
of the Earth-Moon system is conserved, the lengths of the day 
and month are tied inseparably to one another, and, therefore, 
are both established by the nautiloid data. The past length of the 
day has not been established by any other growth studies. 
Calculations on the length of day are being done and will reduce, 
when substituted into the Runcorn equation, the.paleeo-lunar 
distances in Table 1 and Fig. 6. 


Rate of lunar orbital evolution 
A synthesis of palaeomagnetic data, stratigraphic relationships, 
and studies of environments of sediment deposition have led toa 
reconstruction of Mesozoic and Palaeozoic continental 
configurations’, however, much more exact and extensive 
information on ocean profiles is required for even an order of 
magnitude determination of ancient tidal energy dissipation. 
Since the magnitude of tidal dissipation depends so-strongly on 
ocean configurations and dep 4 theoretical extrapolation 
of the lunar orbit into the past becomes an impossible task*’. 
Given this limitation, it is still a generally accepted characteristic 
of lunar orbital evolution that it proceeded most rapidly when 
the Earth and the Moon were closer together. Tidal forces were 
then greater because the tidal torque is proportional to a7"? 
(ref. 14). This means that the orbit would have quadrupled in 
size in the first 10 Myr if the Moon originally had been near the 
Roche limit. However, when the present astronomically deter- 
mined rate of the Moon’s recession is extrapolated back in time, 
the Moon approaches the Roche limit less than 10° yr ago, 
according to Kaula'’, and a lunar surface melt would have 
occurred due to tidal energy dissipation. There is no lunar or 
terrestial peologic evidence to support such a close approach at 
that time, since the youngest rocks on the Moon were crystal- 
lised 3.25 x 10° yr ago. This represents a time scale- problem 
which has not been satisfactorily explained. 

The change in the Earth-Moon distance shown in Fig. 6 does 
not proceed at a constant rate, but exhibits rather several slopes, 
with the slope being most gentle when the continents were not 
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ference. Vertical error bars mark the maximum discrepancy between any single growth line count and the average for the speamen. The 

horizontal width of each error bar reflects the uncertainty in the dating of each fossil. For changes.m the Earth—Moon distance based on the 


nautilotd data (right scale), the steep slopes in the curve may represent higher tidal energy dissipation during the lest 70 Myr as well ex from 
325—420 Myr ago. About 375 Myr ago the Moon was about one- -half its present distance from the Earth. 


separated, 225 Myr ago. This may reflect less active mid-ocean 
ridges, a lower sea level, and thus a corresponding decrease in 
tidal friction, as well as a decrease in the rate of retreat of the 
Moon from the Earth“. 

The recession rate of the Moon during the last 420 Myr, based 
on nautiloid data, varies by a factor of less than 3, which does not 


. support a recession rate varying by a~''”*. This supports the 


explanation of the time scale problem in terms of changing 
palaeogeography. As Kaula’’ points out, the formation of 
Pangea at a high latitude would lead to lower tidal dissipation. If 
tidal dissipation takes place mainly in shallow seas, then a 
lowering of sea level to a depth below the present day continen- 
tal shelves could conceivably reduce the tidal diss:pation‘*'. 
However, the establishment of even non-tidal oceanic circula- 
tion patterns in the past is extremely difficult: 

If the Moon originally was near the Roche limit about 4 x 
10° yr ago, as Lowman** and others have proposed, then the 
orbit must have evolved slowly for the Moon to be at half of its 
present distance 375 Myr ago, in the Devonian, as our cal- 
culations show. This slower evolution can explain why the lunar 
maria are concentrated on the near side of the Moon, as well as 
why the Moon’s centre of mass is displaced earthwards relative 
to its figure. If slower evolution occurred, the Moon may have 
been close enough to the Earth for gravitational accelerations 
asymmetric to the centre of. the Moon to influence magma 
extrusion 3.5 to 4.0x10° yr ago™%. Certain aspects of the 
Witwatersrand sediments, deposited 210° yr ago, may be 
explained by larger tides due to a`smaller Earth-Moon dis- 
tance*’. Studies of Precambrian stromatolites**” suggested that 
greater palacotides existed until 1.710’ yr ago, a feature 
unexplainable if the Earth-Moon distance increased rapidly 
early in the system’s history™. It is difficult to extrapolate 
beyond the 420 Myr of nautiloid data without an understanding 
of why the recession does not vary inversely as the 11/2 power of 
lunar distance. One must also expiain why the receasion rate 
observed in historical times is so much smaller than the long- 
term average shown by nautiloid data for the past 70 Myr. 

A recent summary of geologic evidence on the accretion of 
continents” provides new support for the idea of a lunar orbit 
slowly expanding from about 4x 10° yr ago until the Cambrian. 
One or a few supercontinents may have accreted gradually 
beneath a globe-encircling ocean in the Precambrian, with the 
continent(s) emerging only 600 Myr ago, at the beginning of the 
Cambrian. We, therefore, support the existence of three stages 
in the dynamical evolution of the Earth~Moon system. First, at a 
time when liquid water was not present on the surface of the 
Earth, the lunar orbit evolved slowly due to tides in the solid 
Earth and Moon. Next, the Moon continued to recede slowly 
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because the deep sea encircling and covering the continents 
dissipated little energy. Then, about 600 Myr ago, when the 
continents emerged, the last stage began, and lunar recession 
proceeded more rapidly. 
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DNA Sequence of the mini-insertion IS2-6 and 
its relation to the sequence of ISZ 


Debabrota Ghosal & Heinz Saedler 


Institut fur Biologie IH, Universitat Freiburg, Schanzlestr. 1, D~7800 Freiburg i.Br., FRG 


In polar orientation IS2 abolishes galactose operon expres- 
sion. Operon activity is restored by a 108 base pair mini- 
insertion within IS2 called IS2-6. The DNA sequences of 
the gal operon-IS2 junction, the parental IS2 region 
undergoing sequence rearrangements and [S2—6 itself are 
reported. IS2-6 is composed of sequence intervals present in 
both strands of IS2. 


IT is known that IS2 occurs in multiple copies in the E. coli 
chromosome’ and to transpose to various sites ın the same or 
other replicons, at which it sometimes induces mutations’. The 
analysis’of such mutations revealed that IS2 can influence the 
expression of adjacent genes in two different ways depending on 
its orientation of integration**. For example, when integrated 
into the control region of the galactose operon of E. coli in 
orientation I, IS2 turns off the expression of the gal genes 
downstream in the direction of transcription; in the opposite 


orientation (orientation IJ) it efficiently turns them on. We have | 


further shown that an IS2 element integrated in polar orien- 
tation (onentation I) can undergo internal changes that also lead 
to constitutive expression of neighbourmg genes, although the 
gross orientation of the element remains unaltered’, 
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To study the internal changes within IS2 more precisely, a 
recombinant plasmid, pDG1, was constructed, containing the 
galactose operon of E. coli K12 within the plasmid pSC101. IS2 
was then transferred to plasmid pDG1 by homogenote forma- 
tion, generating the mutation galOP-308::IS2. This new 
plasmid, harbouring IS2 in polar orientation in the control 
region of the galactose operon is called pDG12. A strain carry- 
ing a deletion in the gal region of the E. coli chromosome was 
transformed with pDG12 and used for further genetic manipu- 
lations*. At 37°C Gal* revertants of this strain are observed 
with a frequency of 3x 1077. Among 109 such Gal* revertants 
analysed 102 exhibited inducible synthesis of gal operon specific 
enzymes, indicating that the wild-type gal operon had been 
restored, most likely due to accurate excision of the integrated 
IS2 element. This has been verified for one such inducible 
revertant’. However, seven clones were found to be constitutive 
for gal enzyme synthesis, suggesting that other events had led to 
reactivation of the gal operon. The’ seven constitutive Gal* 
revertants fall into three groups: Class 1 consists of one rever- 
tant, which was shown by genetic means to be due to a highly 
unstable suppressor located on the bacterial chromosome. Class 
2 contains three revertants which show no gross alterations 
within IS 2, as judged by analysis of DNA fragments produced by 
various restriction endonucleases. These revertants are stable. 
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Class 3 consists of three further revertants which are charac- 
terised as being highly unstable. These were previously shown to 
be due to the addition of small DNA segments within IS2. 
Revertant RI contains an insertion of 115 base pairs, while in 
R3 a 65-base pair DNA addition was observed. These mini- 
insertions were previously termed IS6 and IS7 respectively”. 

We report here the DNA sequence of part of IS2 and of IS6. 
These results indicate that IS6 can be considered an allele of 
IS2. Therefore it will henceforth be called IS2-6. The DNA 
sequence of IS2 and IS2-6 reported here suggests a model for 
the formation of mini-insertions. 


Mapping of IS2-6 

In an earlier report the presence of additional DNA within IS2 
in two unstable constitutive Gal” revertants of galOP-308 : :1S2 
on pDG12 was shown by agarose gel electrophoresis of DNA 
fragments produced by restriction enzymes’. The relevant DNA 
fragment used in that study was produced by restriction 
endonuclease HindIH. 
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Fig. 1 Electrophoretic banding patterns of the HindIII] DNA 
fragments of pDG 12 (IS2) and pDG12 R1 (IS2-6), which are 895 
and 1,010 base pairs long respectively”, after Hinfl and Haelll 
digestion. Slot 1, HinfI digestion of pDG12 DNA, band a, b, and c 
correspond to 435, 282, and 153 base pairs respectively. Slot 2, 
digest of pDG12 R1 with Hinfl. Note the shift in molecular weight 
of band a (435 base pairs) to a’ (542 base pairs). The presence of a 
material in pDG12 R1 is due to Gal” segregants present in the 
DNA preparation. All other bands are unaffected by mutation R1. 
Slot 3, Marker Adv-1 digested with restriction endonuclease 
Haelll. From bottom to top the molecular weights of the bands 
correspond to 120, 136, 150, 180, 185, 210, 240, (286, 331), 451, 
481, 1,000, 1,325, and 1,460 base pairs respectively“. Slot 4, DNA 
fragments of pDG12 R1 produced by Hae Il endonuclease. Bands 
a, b, c” and c' correspond to 430, 340, 207, and 153 base pairs 
respectively. Slot 5, pDG12 Haelll fragments. Bands a, b, and c 
correspond to 430, 340 and 99 base pairs respectively. Plasmid 
DNA from pDG12 and pDG12 RI was prepared as described 
previously’. Preparative isolation of HindIII fragments was per- 
formed using 6-8 mm thick agarose slab gels (1%); gel strips 
containing the bands were cut out and DNA was extracted?’'”. 
DNA was pelleted by adding 0.3 M Na-acetate was 2.5 volumes of 
ethanol. For terminal labelling and further enzymatic cleavage this 
DNA was purified by one cycle ethidium bromide—CsCl buoyant 
density gradient centrifugation. Digestion of the DNA (0.5~ 
1.0 ug) with restriction enzymes Hinfl and Haelll was performed 
in 10mM Tris-HCI buffer pH 7.6, 10 mM MgCl, 1 mM DTT, 
50mM NaCl, and 0.1mM EDTA, and 100 pgml"! carbo- 
xymethylated BSA. The digest was adjusted to 10 mM EDTA and 
10% glycerol, 0.05% bromophenol blue was added, and the 
mixture was subjected to electrophoresis on 10% polyacrylamide 
slab gels in 40 mM Tris-acetate buffer pH 8.3 for 2-3 h at 110 V. 
The gels were stained in water containing 2 pgm}? ethidium 
bromide for 10-15 min. The gel was then photographed under 
ultraviolet light. 


While the HindHI fragment generated from plasmid pDG12 
is 895 base pairs long, the corresponding fragment produced 
from DNA presumably carrying IS2-6 (pDG12 R1) is 1,010 
base pairs long. When the HindIII fragment from pDG12 is 
further digested with Hael endonuclease, three smaller frag- 
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Fig. 2 Detailed restriction map of the 895-base pair’ Hindi DNA fragment of pDG12. The pertinent sites for cleavage by restriction 
endonucleases HindIl, Haelll, and Hinfl are shown, including one Hpall site. The Mbol sites are inferred from the sequencing data, but the 
enzyme does not cleave at these positions (see text). The map was established by digesting the HindIII fragment with one enzyme and comparing 
this with the reciprocal double digest of combinations of various other enzymes. The Hinfl and the Haelll fragments a, b, and c are given below 
the map. When terminally labelled HindIII fragment of pDG12 is digested with HaelIl (sce Fig. 1, slot 5) fragments a and b contain the label at 
one of their 5’-ends, while fragment c is not labelled. This shows that fragment c is derived from the interior part of the HindIII fragment. The 
position of fragment a can readily be identified since it contains the known HindlI cleavage site within galE (ref. 5). Hinfl digestion of the 
Hindili fragment also yields three fragments a, b, and c (see Fig. 1, slot 1). Digestion of Haelll fragment a with Hinfl yields a 153- and a 
275-base pair fragment. Digestion of terminally labelled Hael fragment c with Hinfl generates a 7- anda 92-base pair fragment. This shows 
that one Hinfl cleavage site is located in galE, while the other is close to a HaelII site within iS 2. The only Hpall site shown is generated after 
digestion of the 282-base pair long Hinfl fragment b and thus maps at a position already described". The total length of the Hindi fragment 
as determined by the sum of the proper fragments is 873 instead of 895 base pairs as determined previously”. 
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Fig. 3 Autoradiograms 
of sequencing gels. a, 
(°?P]Hinfl/Haelll frag- 
ment from nucleotide 18- 
74 of IS2. b, [°P] Haell1/ 
Hinfl fragment from 106- 
52 of IS2. Both sequences 
read from the labelled 5’- 
end and represent 
complementary DNA 
strands. The sequences 
overlap at 53-74. About 
10-20 pmol of Haelll or 
Hinfl fragments of either 
IS2 or IS2-6 were 
dephosphorylated with 
0.5-1 unit of bacterial 


alkaline phosphatase 
(Worthington, pheno- 
lysed, ether extracted 


and ethanol precipitated. 
Fragments were labelled 
using | y- P]ATP (1,000- 
3,000 mCi mmol” ', NEN) 
and 2 units of poly- 
nucleotide kinase (Boehr- 
inger Mannheim). The 
doubly labelled fragments 
were separated on a 
polyacrylamide gel and 
the corresponding bands 
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Sog 


C- 
were eluted. These were E 
redigested with either 
Hinfl or Haelll to yield a ni 
y- 
fragment labelled at only a- 
one 5'-end. DNA @- 
sequencing was perfor- P> 
i G- 
med by partial methyl- 
a- 


ation (for G), controlled 
partial hydrozinolysis (for 
C and T) and strong alk- 
aline treatment at 90°C 
(for A>C) followed by 
strand scission as 
described in ref. 6. 
Products were analysed in 
15 or 20% denaturing 
polyacrylamide gels using 
Tris-borate-EDTA buffer 
followed by X-ray 
autoradiography. 


ments (a, b, and c) are generated (Fig. 1, slot 5). However, 
digestion of the 1,010 base pair long fragment of pDG12 RI 
with restriction endonuclease Haelll yields three major (a, b, 
and c”, slot 4) and two minor DNA fragments (c and c’, slot 4). 
Fragment c, not visible in Fig. 1, is identical in size and sequence 
to the 99 base pair long fragment c of pDG12. It is generated by 
molecules which have lost the mini-insertion within [S2. 
Frequent spontaneous loss is characteristic of IS2-6. The 
amount of fragment c found in pDG12 R1 preparations cor- 
relates with the number of Gal segregants among cells 
harbouring plasmid pDG12 R1 (ref. 5). 

Fragment c'is 153 base pairs long. It is a deletion derivative of 
IS2-6 and accumulates in cultures with time. Its isolation, 
properties, and DNA sequence will be reported elsewhere 
(Ghosal and Saedler, manuscript in preparation). 

Two of the three major fragments (a and b) of the parental 
and the Gal” constitutive revertant plasmid DNA pDG12 R1, 
are identical in size. Fragment c of pDG12 is 99 base pairs long 
while the corresponding fragment of pDG12 R1, fragment c”, is 
207 base pairs long. The mini-insertion IS2-6 is therefore 108 
base pairs long and has arisen by insertion within the small 
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Haelll fragment c of pDG12, yielding fragment c” of pDG12 
R1. Both fragments, c and c”, (Fig. 1) have been used for DNA 
sequence analysis, 

The location of Hae III fragment c within [S2 and with respect 
to the most proximal ga/ structural gene ts shown on the 
restriction map of the 895-base pair long HindIII fragment of 
pDG12 presented in Fig. 2. 


DNA sequence of part of IS2 

The DNA sequence between the Hpall site and the rightmost 
Hae lll cleavage site on pDG12 (Fig. 2) was determined using 
the procedure described by Maxam and Gilbert" 

In one set of experiments the HindIII fragment of pDG12 
carrying galOP-308::I1S2 was isolated and digested with 
Haelll endonuclease. The mixture of three smaller fragments 
which results was dephosphorylated and the 5-ends were 
labelled with [y-**PJATP using polynucleotide kinase. Frag- 
ment c (see Fig. 1) was isolated and its labelled strands separated 
by gel electrophoresis. These were subsequently sequenced 

In an alternative procedure, the labelled Haelll fragment « 
was further digested with Hinfl. The larger 92-base pair frag- 
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ment labelled at its Hae Il end was isolated and sequenced. For 
determination of the sequence of the complementary DNA 
strand, the HindIII fragment was first cleaved with Hinfl. The 
mixture of the three fragments generated (see Fig. 1) was 
labelled and subsequently digested with HaelIII. In this case the 
92-base pair fragment is labelled at its Hinfl end. This fragment 
was isolated and sequenced. 

The sequencing gels of the latter two fragments are presented 
in Fig. 3a and b. The sequences obtained with both procedures 
are identical except for 7 base pairs to the left of the Hinfl 
cleavage site, which are missing in the Hinfl-HaellI fragments. 
The complete sequence of the Haelll fragment c is included in 
Fig. 5 

Two Mbol sites are detected by the sequencing method. 
However, Mbol does not cleave at these positions. This seems to 


Fig. 4 
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indicate that the Mbol sites are modified in this bacterial back- 
ground. This agrees with observations by others that the Mbol 
cleavage site is modified in Æ. coli K12. 


Integration site of IS2 


On cleavage with Hinfl the HindIII fragment yields three 
smaller fragments as shown in Fig. 1, slot 1. The 282-base pair 
fragment b contains the junction between IS2 and the gal 
operon. Labelling both 5'-ends and subsequent digestion with 
Hpall yielded a fragment suitable for sequencing. The DNA 
sequence of the integration site of IS2, which also contains the 
gal mRNA leader sequence and the total sequence of the 
Haelll fragment c is included in Fig. 5. It can be seen that [S2 
has integrated next to the initiation site for gal MRNA tran- 


IS 2-6 was sequenced by the methods described in the legend to Fig. 3. a, DNA sequence of the labelled IS2-6 HinfI fragment a' cleaved 


with Haelll, from position 36-128. b, DNA sequence of the complementary DNA strand of IS 2-6 from 201-116 (labelled HaelII fragment c”, 
cleaved with Hinfl). The overlapping region is thus 13 base pairs long. 
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Fig. 5 Sequences with negative numbers represent material from the galactose operon, others are IS2 and IS2-6 sequences, respectively. The 

vertical bar in the top line separates the gal from the IS2 sequences. The arrows above the sequences indicate direct sequence repetitions, while 

the arrows below the sequences show the inverted repeats. For ISZ the small inverted repeats are numbered from top to bottom. The connecting 
lines between IS2 and IS 2-6 show the length and the position of the 108-base pair insert of IS 2-6. 


scription. Thus in.mutation galOP-308, IS2 disconnects the 
mRNA initiation site from the gal promoter. Comparison with 
the sequence of the operator proximal end of ISZ reported for 
galOP-490::1S2 (ref. 7) reveals that in both strains IS2 has 
integrated into the contro! region of the gal operon, but at two 
different sites, separated by one nucleotide. In addition the 
comparison also reveals that the termini of IS2 correspond to 
imperfect inverted repeats. 


Features of the ISZ sequence 


Figure 5 also shows that there are a few small direct and inverted 
repeats in the sequence of the HaelU fragment c of IS2. Six 
pairs of inverted repeats are present. It should be noted that the 
sequence between the left end of pair 3 and the right end of pair 
5, that is, nucleotide pair 33 to nucleotide pair 78, is especially 
rich in A-T (76%), while the A-T content of the flanking 
sequences is about 50%. 


Features of the sequence of IS2—6 


The same strategy has been used to analyse IS2—6, the Hae MI 
fragment containing IS2—6, being 207 instead of 99 base pairs 
long. 

The sequencing gels for the Hinfl/HaclO fragments are 
given in Fig. 4a and b. The DNA sequence obtained is included 
in Fig. 5. Except for the modified Mbol sites already seen in the 
IS2 sequence, no other new cleavage sites for restriction 
endonucleases are found in IS 2-6. 


Fig. 6 The coordinates of one DNA strand of [S2-6 are given 

The numbers below the line are the coordinates of 1S 2, indicating 

which sequences of IS2 are present in the IS 2-6 sequence. The 
arrows emphasise the orientation of the sequence. 
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The most striking feature of the IS2—6 sequence is the high 
degree of symmetry. The large inverted repeat is 62 base pairs 
long and is substructured as indicated. In addition there is large 
perfect duplication of 46 base pairs in length as well as five 
smaller imperfect direct repeats. The A-T content between 
positions 33 and 186 is 76%. 


Comparison of ISZ and IS2-6 


Figure 5 shows that IS2—6 constitutes an insertion of 108 base 
pairs within IS2 at either position 78/79 or position 44/45. 
Assuming position 78/79 to be the point of DNA addition, it is 
Clear that the 108 base pairs of IS2-6 are derived from 
sequences of IS2 located between positions 33 and 78, that is, 
from IS2 material contained between the inverted repeat pairs 3 
and 5. 

However, IS2—6 does not consist of a simple duplication of 
IS2 sequences from these regions. Instead sequences of both IS2 
strands located within the 33-78 interval are multiplied and 
rearranged in the manner outlined in Fig. 6. Some IS2 
sequences are represented several times in both possible orien- 
tations in IS 2-6, The 53—60 region of IS2, for example, recurs 
five times, while the pairs of inverted repeats 3 and 5 are found 
three times and in both orientations. 


Mode of formation of IS2-—6 


One explanation of how the complicated structure outlined in 
Fig. 6 might have arisen is that recombinational events occurred 
between the two DNA strands of IS2 during replication. 
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However, the high degree of symmetry observed in IS2—6 
suggests another mechanism of formation based exclusively on 
replication. This mode of formation will be described briefly ` 
(Fig. 7) as it enables predictions to be made about the sequences 
of other replication products that would be expected to occur. 


2 
5’ 
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Considering the replication of the lower DNA strand of IS2 
only, the DNA synthesising enzyme may be imagined to proceed 
from the 5’~end across the inverted repeat at position 33/52 
(pair number 3) to position 78 (Fig. 7a). Because of the high 
A-T content of this region, partial melting might occasionally 
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Fig. 7 Slippage replication of the lower DNA strand of IS2 
(upper frame) indicate the positions of the inverted repeat pairs 3 


< and 5 (see Fig. 5), which are marked by heavy ‘arrows throughout. 
The hypothetical 


sequence of events (a—e) leading to the repli- 
cation products ISZ and IS2-6 are enclosed by a black line. For ` 
simplicity only the DNA sequences separating both parts of an 


DNA synthesised after a second round of slippage of the DNA - - 
template. The segregation products of the heteroduplex formed 
are presented in the lower frame as IS? and IS2-6. See text for 
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occur (Fig. 7b). Subsequently inverted repeat pair 5 of the newly 
synthesised DNA strand could fold back on itself forming a new 
template for further DNA synthesis (Fig. 7c). The polymerase 
could then proceed in the 3’ direction along the newly 
synthesised strand until it passes inverted repeat pair 3 and 
reaches position 33 (Fig. 7d). At this point the same slippage 
process is repeated: melting out, folding back of the inverted 
repeat pair 3 and DNA synthesis along the newly made DNA 
strand leading to the structure shown in Fig. 7e. This slippage 
tends to form long inverted repeats. Occasionally these may 
resist partial melting out so that DNA synthesis can then pro- 
ceed along the old parental DNA strand, provided that inverted 
repeat pair 3 (33-52) in the parental DNA strand has folded up 
as indicated in Fig. 7e to yield a stable structure. 

On another round of replication the DNA heteroduplex 
molecule forms two segregants, the old parental IS2 sequence 
and the newly generated IS 2-6 allele. 

The slippage of the DNA template during replication of IS2 
as outlined in Fig. 7 generates symmetrical DNA additions (see 
Fig. 5). The process requires, first, a DNA region rich in A-T, 
and second, pairs of inverted repeat sequences at both ends of 
the A-T rich region. The newly formed sequences generated by 
this process may contain new signals for the turn-on of gene 
expression, as shown by IS2-6. Which parts of the IS2-6 
sequences constitute the turn-on signal is not yet known. 
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The replication ‘slippage’ model described in Fig. 7 for 1S2-6 
allows us to predict the DNA sequence of the replication 
‘slippage’ product of the upper DNA strand of IS2. Since prep- 
aration of this manuscript we have determined the sequence of 
the 54-base pair mini-insertion IS 2-7. Its sequence is identical 
to the slippage product predicted for replication of the upper 
strand of IS2 and will be reported elsewhere”. 

We thank Gudrun Hoeksma for technical assistance and 
Patricia Nevers for reading the manuscript. This work was 
supported by the Deutsche Forschungsgemeimschaft. 
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The construction and analysis of bacterial plasmids that 
contain and phenotypically express a mammalian genetic 
sequence are described, Such plasmids specify a protein that 
has enzymatic properties, immunological reactivity and 
molecular size characteristic of the mouse dihydrofolate 
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SINCE the initial propagation of eukaryotic DNA in bacteria’, 

several systems have been used to study the expression in 
Escherichia coli of DNA derived from higher organisms. Bio- 
logical activity of genes from the lower eukaryotes, 
Saccharomyces cerevisiae?” and Neurospora crassa‘, has been 
demonstrated using phenotypic selection for functions that 
complement mutationally inactivated homologous bacterial 
genes. Immunological reactivity with antibody made against 
human somatostatin was shown for a peptide fragment cleaved 
in pitro from a hybrid protein encoded in part by bacterial DNA 
and in part by a chemically synthesised somatostatin DNA 
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sequence’. Very recently, a protein containing amino acids of rat 
proinsulin was shown to be made by bacteria that carry a 
double-stranded complementary DNA (cDNA) transcript of 
pre-proinsulin mRNA‘; in that instance, antigenic determinants 
for both insulin and the bacterial enzyme -lactamase were 
detected on a fused peptide transported outside the cell. It is not 
known, however, whether the mammalian peptide components 
of such immunologically reactive hybrid proteins have 
functional biological activity. 

Our approach to the study of mammalian gene expression in 
bacteria has been to generate a heterogeneous population of 
clones carrying a DNA sequence that codes for a selectable 
mammalian gene product, and then to select directly those 
bacteria in the population that phenotypically express the 
genetic sequence. The mammalian enzyme dihydrofolate 
reductase (DHFR), which catalyses the conversion of dihydro- 
folic acid to tetrahydrofolic acid, is especially suitable for this 
purpose. The mammalian DHFR has a much lower affinity for 
the antimetabolic drug, trimethoprim (Tp), than does the cor- 
responding bacterial enzyme’. Thus, bacteria which biologically 
express mammalian DHFR activity are resistant to levels of 
trimethoprim that ordinarily inhibit growth. 

When these studies were initiated, the only bacterial host 
approved for EK2 recombinant DNA experiments* was E. coli 
K12 strain y1776 (ref. 9). As this strain is already resistant to 
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high concentrations of trimethoprim because of its thy” muta- 
tion'®, direct selection of bacteria that synthesise the mam- 
malian DHFR could not be carried out. Therefore, our initial 
studies used an in situ hybridisation procedure’ to identify 
x 1776 clones which carried a mouse DHFR cDNA sequence, 
with the expectation that a highly sensitive indirect radioim- 
munoassay'* would be used to detect any clones that expressed 
antigenic determinants of the protein product encoded by the 
gene. 


Construction and cloning of chimaeric 
plasmids containing a DHFR ds cDNA 


Figure 1 summarises the experimental scheme used in this study. 
Partially purified mRNA containing DHFR sequences from 
methotrexate-resistant AT-3000 mouse cells’? was used in the 
preparation of double-strand (ds) cDNA by RNA-dependent 
DNA polymerase (reverse transcriptase) and DNA polymerase 
I (ref. 14 and Fig. 2). Homopolymeric deoxy-C ‘tails’ were 
added to the unfractionated cDNA by terminal deoxynucleo- 
tidyl transferase (Fig. 2) and the section of the gel containing the 
predominant (1,500 base pairs) tailed cDNA was eluted. The 
material recovered from the gel was annealed with an equimolar 
concentration of pBR322 plasmid DNA that had been cleaved 
in the B-lactamase gene by the PstI endonuclease'* and treated 
with terminal transferase to add homopolymeric dG tails at the 
cleavage sites. The extent of annealing of DHFR ds cDNA with 
the plasmid vector was monitored by electron microscopy’® 
using circle formation as an indicator. PstI sites are regenerated 
at both ends of the insert as a result of such re- 
circularisation'”". 

Constructed chimaeric plasmids were introduced into MnCl,- 
treated?” E, coli K12 strain y1776 and tetracycline (Tc)-resis- 
tant transformants (yield ~30 colonies per ng DNA) were 
selected and tested separately fer the presence of a DNA species 
complementary to a highly purified DHFR cDNA probe. About 
40% of the Tc-resistant clones gave a positive reaction by an in 
situ hybridisation test'’ (Table 1 and Fig. 3). Plasmids from 14 of 
the reacting clones were examined by gel electrophoresis and all 
were found to contain a single DNA insert approximately 1,500 
base pairs in length. As both ends of the PstI-cleaved pBR322 
DNA receive homopolymeric dG tails, only those molecules 
that have acquired a dE-tailed cDNA insert or had escaped 
cleavage and/or dG tailing would be expected to re-circularise 
and transform, thus, we presume that most of the nonreacting 
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Fig. 1 Scheme used for cloning and expression of mouse DNA 
sequences that code for DHFR. Additional experimental details 
are given in the legend to Table | and in the text. 


Tc-resistant colonies contain inserts of contaminating non- 
DHFR cDNA. 

When y2282, a thy” variant of y1776, was approved for EK2 
use, direct selection of bacteria that phenotypically expressed 
the eukaryotic DNA sequence became feasible (see Fig. 1). Two 
populations (25 colonies each) of previously identified Te- 
resistant colonies of y1776 were pooled, and plasmid DNA 
extracted from these populations was introduced by trans- 
formation into y2282. In other experiments, we transformed 
x 2282 directly with annealed pBR322-DHFR cDNA (Table 1). 
Colonies that expressed resistance to both Tc and Tp were 
obtained in both types of experiments; three independent 





Table 1 Transformation experiments using x1776 and 2282 


ete rer her tee Legere ye Ry Ae ee Ae irii Mich ered rp 


Transformants per ng DNA 
In situ 
hybridisation with 


Transforming DNA Te Te Te/Tp DHFR cDNA probe 
Host Plasmid vector Insert (5 pg ml”) (10 pg mi7') (5 pg ml! of each) (% positive) 
x 1776 pBR322 None 4x 10° 210" <2x 107 a 
x 1776 pBR322 cDNA(Q") 60 32 —— 40) 
X2282 pBR322 cDNA(1*) 70 = 2 44 
x22282 pBR322 cDNA(2°) 60) — 1.3x107' oe 
x2282 pDHFR7 Ta = 25 oe 





pBR322 plasmid DNA that had been annealed in vitro with dC-tailed DHFR cDNA (designated 1°) was introduced into 1776 or 2282, using a 
modification of a previously described transfection procedure’®. 1 ml of an overnight bacterial culture was inoculated into 100 ml of L broth 
supplemented with diaminopimelic acid (DAP, 50 ug ml”') and (for x1776 only) thymidine (4 pg ml~'). Bacterial cultures were grown until 
exponential phase at 35°C and then collected by centrifugation at 4°C. Cells were washed in 0.3 volume 10 mM NaCl, resuspended in 30 mi freshly 
prepared MCN buffer (70 mM MgCl; 40 mM sodium acetate, pH 5.6, and 30 mM calcium chloride) and chilled on ice for 20 min. Cells were collected, 
resuspended in 1 ml MCN and added in 200-pl aliquots to 50 pl DNA in TEN (10 mM Tris-HCl, pH 7.5, 0.1 mM EDTA, 50 mM NaCl or MCN 
buffer. After chilling at 0° C for 30 min, reactions were incubated at 27 °C for 5 min, chilled again for 30 min, and 50-yl samples were plated on to 
Penassay broth agar supplemented with DAP, thymidine (for x 1776), and antibiotics as indicated. When x2282 was used, the selective medium was 
M9 minimal agar supplemented with 0.5% casamino acids, biotin (2 pg mi” '), DAP (50 pg mi~’) and Tp (2.5-10 pg m`?) plus tetracycline (Yc) or 
kanamycin (Km) as indicated. Plates containing transformants were incubated at 32 °C and colonies were scored 2-3 d after plating. pBR322 plasmid 
DNA lacking the cDNA insert was used as a control. cDNA preparations labelled as 2° consisted of plasmid DNA isolated from a nonfractionated 
population of clones that had previously been transformed with chimaeric molecules carrying a cDNA insert. In the experiment shown in the last line 
the transforming DNA was isolated from a clone (pDHFR7) that expresses resistance to Tp as well as Te. 
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Fig. 2 Preparation and characterisation of DHFR cDNA insert. a p € ql e f g 
DNA complementary to DHFR mRNA was synthesised essen- f 
tially as described elsewhere“, using avian myeloblastosis virus 24.3 jòi 
(AMV) reverse transcriptase and polysomal RNA obtained by = oe 
indirect immunoprecipitation of DHFR-synthesising polysomes 99 « s 24.3 
from methotrexate-resistant AT-3000 S-180 mouse cells’ *. The 6.7 ° i 9.9 
RNA had been estimated to contain DHFR mRNA as 20% of its - 67 
mRNA'*. The reaction was carried out in 100 pl using 340 pg 4h o e 44 
polysomal RNA (estimated to contain 5 pg polyA-RNA), 45 units 
AMV reverse transcriptase and dCTP labelled to 4 Ci mmol ' with 
*°P_dCTP (Amersham), Approximately 1.4 pg cDNA was i 23 
synthesised in 30 min. The reaction was stopped by the addition of 23 à 19 
EDTA (to 10 mM) and extracted with phenol, followed by ether, 19 r 1.77 
before being passed over a Sephadex G-50 fine column in 10 mM mi. 
Tris, pH 7.4, 2 mM EDTA and, 10 mM NaC! (TEN). The void V7 
volume was collected and precipitated with ethanol. After centri- 4 1.17 
fugation, the RNA was hydrolysed with NaOH (ref. 31), neut- Hir 2 
ralised and precipitated with ethanol. The cDNA was then used as 1.10 
template for the synthesis of the second strand by E. coli DNA 
polymerase I essentially as described*'. The reaction took place 
at 42°C for 10 min in 100 wl using 1.1 pg CDNA, 10 units DNA 
polymerase 1, and 200 uM of each deoxynucleotide triphosphate 0.53 » . 0.53 
with dCTP adjusted to 30 Ci mmol `’ as above. Approximately 0.45 * . 0.45 


0.85 pg of the second strand was synthesised. The reaction was 
stopped and extracted as above before being passed over a 
Sephadex G-50 fine column in TEN containing only 0.1 mM 
EDTA. Column fractions containing the ds cDNA were then 
treated with Aspergillus oryzae S, nuclease as described else- 
where’. After extraction and precipitation with ethanol, approx- 
imately 1.0 pg ds CDNA was obtained. Aliquots of a, first strand 
product; b, first strand product after base treatment; c, second 





strand product and d, second strand product after S, nuclease treatment were examined on a 1.5% agarose gel in alkaline conditions as 
described”. Terminal addition of dCTP to the ds cDNA by terminal deoxynucleotidyl transferase (TdT), prepared as described elsewhere * was 
carried out by a modification 4 of the Co** procedure”. The reaction was carried out in 500 yl containing 140 mM cacodylic acid, 30 mM Tris 
base, 110 mM KOH (final pH 7.6), 0.1 mM dithiothreitol, 150 pM dCTP (adjusted to 5 Ci mmol! with “H-dCTP (Amersham)), | mM CoC}, 
(added to prewarmed reaction mix before enzyme addition), approximately 1.0 pg ds cDNA (assuming an average MW giving approximately 600 
base pairs, this provides 10 pM 3’ termini per ml) and 0.5 jl TdT (2.3 x 10° units ml” '). The reaction was allowed to proceed at 37 °C for 10 min 
before being cooled and sampled to determine incorporation. Approximately 30 dC residues were added per 3° terminus. The reaction was 
stopped, extracted, desalted and precipitated with ethanol as above. Aliquots of e, second strand product; f, second strand product after S, 
nuclease treatment, and g, dC-tailed ds cDNA were analysed on a 1.7% agarose gel in Tris-acetate-NaCl (ref. 36). The dC-tailed ds cDNA was 
then preparatively electrophoresed on a similar gel and the *1,S00-base pair’ region (arrow) cut out of the gel and electrophoretically eluted into a 
dialysis bag as described elsewhere*’. The eluted material was extracted as above, concentrated by lyophilisation and precipitated with ethanol. 
After centrifugation, the 1,500-base pair dC-tailed ds cDNA (approximately 80 ng) was redissolved in 10 mM Tris HCI, pH 7.4, 0.25 mM E DTA 
and 100 mM NaCl (annealing buffer). pBR322 plasmid DNA, isolated as described elsewhere“ was digested with a 1.5-fold excess of Psrl 
endonuclease in conditions suggested by the vendor (New England Biolabs) and the linear plasmid DNA was cut out and eluted from a 0 7% 
agarose gel in TBE ™” as described above. The plasmid DNA was ‘tailed’ with dG residues using procedures similar to those described above. 
Approximately 15-20 dG residues were added per 3’ terminus. Following extraction, the dG-tailed vector was passed over a Sephadex G-50 fine 
column in annealing buffer and the void volume was collected. Equimolar amounts of dC-tailed ds CDNA and dG-tailed vector DNA were 
allowed to anneal essentially as described by W. Rowe and R. A. Fratel (personal communication) except that the vector concentration was kept at 
75 ng ml ' in the annealing reaction. Circularisation was monitored by electron microscopy'” and was typically about 20-40%. This annealed 
DNA was used directly for transformation into y 1776 or ¥2282. 


transformants were found to be capable of immediate growth in 
media containing at least 1,000 pg ml‘ of Tp, and were termed 
‘strong expressors’. Plasmid DNA isolated from these colonies 
was shown by repeat transformation to encode both the Tc and 
Tp resistance phenotypes. However, Tp*Tc* transformants 
occurred in different experiments at only 20-60% of the 
frequency observed when selection of transformants was carried 
out for Tc resistance alone. Transfer of Tc-selected colonies on 
to minimal medium agar plates containing Tp showed that all 
such clones express resistance to at least 1,000 pg ml`'. 
Together, these findings suggest that phenotypic expression of 
Tp resistance may be delayed in transformants until a sufficient 
quantity of plasmid-specified DHFR has accumulated. Anal- 
ogous results have been obtained with other antimicrobial 
drug-resistance determinants encoded by plasmids introduced 
into E. coli by transformation””. 


Structure of the DHFR cDNA 

Gel electrophoresis of endonuclease-cleaved plasmid DNA 
from three separately derived bacterial clones that expressed 
high levels of trimethoprim resistance showed similar overall 
patterns. Using such data, a cleavage map (Fig. 4) of the cDNA 
insert of one of these (pDHFR7) was constructed. 


Examination of the amino acid sequence of the mouse DHFR 
enzyme’ allowed us to assign one of the Hae III cleavage sites to 
the trp-pro (TGG-CCX) present at amino acid positions 24 and 
25, thus localising the DHFR structural sequence to a position 
near the 5' end of the mRNA template used in synthesising the 
cloned cDNA. Other cleavage sites within the DHFR structural 
sequence were consistent with positions predicted by computer 
analysis of the amino acid sequence. DNA sequence analysis of 
two separate regions of the cDNA provided direct verification 
that the nucleotide sequence of the insert corresponds to the 
amino acid sequence reported for the mouse DHFR enzyme, 
and also confirmed that the coding sequence for DHFR ıs 
located at the ds cDNA equivalent of the 5’ end of the mRNA 

The nucleotide sequence at the pBR322-cDNA junction 
nearest the 5’ end of the mRNA used as template for DHFR 
cDNA (that is, at the Psrl, site) is of special interest. The 
complement of the ‘sense’ strand of B-lactamase gene of the 
vector (J. G. Sutcliffe, personal communication) is interrupted at 
the PstI site by a series of 11 dG residues added by the terminal 
transferase, and these are followed immediately by (1) an ATG 
(AUG) protein start codon, and (2) the codon for the first amino 
acid of the mouse DHFR structural gene. The sequence that 
codes for the mouse DHFR is in the same orientation as at that 
encoding the B-lactamase on the vector plasmid; however, the 
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number of incremental G residues (that is, 10) at the vector- 
insert junction ensures that the DHFR cDNA sequence is not in 
the same translational reading frame as the B-lactamase gene. 

If the phenotypic expression we have observed for the mouse 
DHFR sequences in bacteria is the result of translational 
readthrough from signals that initiate protein chains within the 
(3-lactamase gene, then the host bacterial cell must be able to 
circumvent the observed frame shift by a ‘slippage’ mechanism 
of translation. Such an event might potentially be aided by the 
long run of dG residues introduced at the pBR322-cDNA 
junction and could account for our observation (Table 1) that 
plasmids containing a DHFR cDNA insert yield more than twice 
as Many expressors as would be expected from considerations of 
reading frame and orientation. However, the high level of 
functional expression observed for both primary and second- 
arily transformed clones of pDHFR7 does not seem to be 
readily explained by slippage of tRNA molecules during 
translation. 

Perhaps a more likely explanation is that the Pstl-polyG- 
ATG sequence that has been constructed preceding the coding 
sequence for DHFR serves as a binding and protein initiation 
site for the bacterial ribosome. Recent studies**** have 
identified sequences on MRNA in the 5’ direction from the 
initiator codon that are complementary to the CCUCC 
sequence at the 3’ end of the 16S ribosomal RNA species, 
proposed by Shine and Dalgarno“ to be involved in the binding 
of mRNA to ribosomes. It is tempting to speculate that the 
mRNA transcript from the sequence at the pBR322-cDNA 
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Fig. 3 Detection of colonies containing DHFR cDNA inserts by 
in situ hybridisation. Colonies were screened for DHFR sequences 
using a modification (G. N. Duell, unpublished) of an in situ 
hybridisation procedure''. Tc-resistant colonies were transferred 
to nitrocellulose filters (Millipore, HAWG) that had been placed 
on Penassay broth agar plates containing Tc (10 yg per ml). 
(Filters had been washed twice by boiling in H20 and autoclaved 
before being placed on plates.) After 2-3 d of bacterial growth at 
32°C, the filter was removed from the plate and placed on a 
Whatman no. 3 pad saturated with 0.5 M NaOH. After 7 min, the 
filter was sequentially transferred to a series of similar pads 
saturated with | M Tris, pH 7.4 (twice, 7 min each); 1.5 M NaCl, 
0.5 M Tris, pH 7.5 (once, 7 min); and 0.30 M NaCl, 0.03 M Na 
citrate (2 xX SSC) (once, 7 min). After the excess liquid had been 
removed by suction, the filter was placed on a pad containing 90% 
ethanol, dried by suction and baked in vacuo at 80°C for 2h. 
Before hybridisation, filters were pretreated for 3-6 h at 65°C in 
hybridisation buffer that contained 5x SSC, pH 6.1 0.2% SDS, 
0.02% Ficoll 400 (Pharmacia) and 8ygml' E. coli tRNA. 
Hybridisations were carried out with individual filters in 1.5 ml 
hybridisation buffer containing 2 x 10* c.p.m. **P-labelled purified 
DHFR cDNA"? in a sealed plastic bag at 65 °C for 24 h. The filters 
were then washed in hybridisation buffer (once, 60 min at 65 °C); in 
5 x SSC, pH 6.1 (three times, 60 min each at 65 °C); and in 2 SSC, 
pH 7.4 (twice, 10 min at room temperature), air dried, and pre- 
pared for autoradiography. Left: top, a collection of y1776 
colonies which contain a DHFR cDNA insert; middle, Tc-resistant 
y2282 colonies derived from transformation with annealed 
pBR322 ds cDNA—both reacting and non-reacting colonies are 
seen; bottom, colonies containing pBR322 and pACYC101 plas- 
mids which show no visible hybridisation. Right: several 
positive colonies on a representative filter analysed in screening 
1176 transformants. Negative colonies represent clones 
containing pBR322 or pACYC101 plasmids which show no visible 
hybridisation. 
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junction has sufficient complementarity to the CCUCC 
sequence to allow ribosomal binding when a translational start 
signal is located an appropriate distance away. In such an event, 
the ATG protein start signal that immediately precedes the 
coding sequence for the mouse DHFR might initiate a peptide 
chain having a size characteristic of the mammalian enzyme. 
Immunological analysis of extracts derived from pDHFR7 and 
other expressing clones has yielded results consistent with this 
interpretation (see below). 


Analysis of enzyme activity encoded by 
pDHFR7 plasmid 


Mammalian dihydrofolate reductases can be distinguished from 
their bacterial counterparts by the ability of mammalian 
enzymes to use folate as a substrate and by their differential 
sensitivity to competitive inhibitors**”*. In initial experiments, 
the reduction of folate to tetrahydrofolate was measured using 
extracts from the pDHFR7 clone, from a Tp-sensitive clone 
containing a DHFR cDNA insert (the ppHFR 10 plasmid), and 
from cells that contain only the pBR322 vector. Although all 
three clones are capable of synthesising a chromosomally 
produced bacterial enzyme, only the enzyme present in extracts 
from cells containing the pDHFR7 plasmid gave reduction of 
folate (4 x background). Additional evidence that the reductase 
encoded by the pDHFR7 plasmid is of mammalian origin was 
obtained by inhibitor analysis (Fig. 5). The DHFR isolated 
directly from mouse cells and the activity encoded by the 
pDHFR7 plasmid showed identical sensitivities to methotrex- 
ate, trimethoprim and a triazine derivative (2,4,-diamino- |-(4'- 
butylphenol)-6,6 dimethyl-1, 6-dihydro-1,3,5—triazine); both 
enzyme activities were 200 times more sensitive to the triazine 
than to trimethoprim. In contrast, bacterial dihydrofolate 
reductase is inhibited more effectively by trimethoprim (K, = 
5 x 10°) than it is by triazine (K,= 6.5 x 10 +y. 

As methotrexate binds stoichiometrically to dihydrofolate 
reductase”, we can estimate the number of molecules of enzyme 
in the pDHFR7 plasmid extracts from the methotrexate inhibi- 
tion date of Fig. 5. We calculate from the specific activity of the 
extract (3 units per mg of soluble protein) and the specific 
activity and methotrexate binding parameters of the mouse 
enzyme” that 0.01% of the soluble bacterial protein is active 
mammalian DHFR. 


Immunological characterisation of bacterial 
cell extracts containing mouse DHFR 


Immunological evidence confirming the nature of the DHFR 
encoded by pDHFR7 and other plasmids that contain a mouse 
DHFR cDNA insert was obtained using a solid-phase sandwich 
radioimmunoassay'*. Tp® clones of 2282 containing the 
independently derived plasmids pDHFR 7, 12 and 13 showed a 
strong reaction with rabbit antibody directed against mouse 
DHFR in an in situ immunoassay" (data not shown); protein 
that reacted with the antibody was also made by bacteria which 
showed low levels of phenotypic expression and by some clones 
that did not make a biologically functional DHFR (that is, were 
Tp sensitive). The nature of the antigen synthesised by Tp” and 
Tp” clonnes was examined more fully using a newly developed 
method (filter affinity transfer, or FAT procedure) for the in situ 
immunological characterisation of proteins in gels™”. This pro- 
cedure depends on the covalent coupling of F(ab), antibody 
fragments to a chemically derivatised and activated cellulose 
filter: antigen transferred on to the filter from an SDS-—poly- 
acrylamide gel is detected by subsequent incubations with 
antiserum and '**I-labelled Staphylococcus aureus protein A 
(ref. 12). 

Filter affinity transfer analysis of the PDHFR7 extract (Fig. 6, 
lanes b, c) shows the presence of protein that reacts immuno- 
logically with the antibody to mouse DHFR and further shows 
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Fig.4 Map of cDNA insert and adjacent regions of pDHFR 7 plasmid. Endonuclease cleavage map and partial DNA sequence of cDNA insert 
of the pDHFR 7 plasmid. The shaded area indicates the structural sequence for mouse DHFR. The locations of endonuclease cleavage sites were 
determined from polyacrylamide gel electrophoresis patterns following shmultancous or sequential digestions of either intact pDHFR or 
fragments isolated after carher digestions. Restriction endonucleases (New England Biolabs or Bethesda Research Laboratories) were used 
according to the vendor’s recommendations. Cleavage sites listed above the shaded area were assigned to specific amino acid positions within the 
mouse enzyme by nucleotide sequence. The boxed numbers of the Hpall and Psd sites indicate the locations of the sites m the pBR322 plasmid as 
determined by Sutchffe (personal communication), and were used in orientating the ammo acid sequence of the DHFR gene with respect to the 
B-lactamase sequence. The nucleotide sequence in the vicinity of the pB R322-cDNA junction corresponding to the $’ end of the mRNA used as 
template for the cDNA, and the sequence in the region of the Hpall snte at amino acid 104 of the structural sequence are shown. Nucleotides and 
amino acids are numbered from the start of the DHFR coding sequence; nucleotides in the 5’ direction on the mRNA from position 1 have 
negative numbers The DNA sequence shown were determmed by the method of Maxam and CGilbert*®. Fragments (d +c) and (a + b) were 5’ 
end-labeled at the Hpall and Bgill-generated ends, treated with Hael endonuclease, and subjected to electrophoresis in 6% acrylamide gel 
and TBE buffer”. Fragments a, b and c were eluted from the gel”, precipitated with ethanol and used directly for base sequence determmation 
using the gel system described in refs 40 and 41. 


that most of the immunologically reactive matenal has the same 
electrophoretic mobility as enzyme obtained directly from 
mouse cells (molecular weight 22,000) (Fig. 6, lane a). An 
immunologically reactive band that migrates at this position was 
also seen in the material eluted with folic acid from a metho- 
trexate affinity column that contained an extract from 2282 
(pDHFR7) cells (Fig. 6, lane d} suggesting that the 22,000 MW 
protein made by these bacterial cells has binding sites for both 
methotrexate and folate. Additional immunologically reactive 
bands which have mobilities consistent with a MW of 30,000- 
90,000 were seen in varying amounts ın different extracts of 
bacterial cells that contained pDHFR7 (Fig. 6, lanes b, c); as the 
1,500-base pair insert in this plasmid is capable of coding for a 
polypeptide no larger than 50,000 MW, we conclude that the 
most slowly moving bands are likely to be hybrid proteins that 
include antigenic sites of the mouse DHFR. Immunologically 
reactive high MW proteins are also made by a Tp* clone 
(pDHFR21, Fig. 6, lane ¢) which contains a DHFR cDNA 
insert; however, this clone fails to synthesise an immunologically 
reactive 22,000 MW band. No immunological reactivity with 


antibody made to mouse DHFR was detected ın extracts of cells 
carrying only the pBR322 vector (Fig. 6, lane f). 


Variation in level of expression of mouse 
DHER cDNA sequences in bacteria 


Thirty-two separately derived clones of 42282 transformants 
that had been selected on plates containing only Tc were 
replated on medium containing both Tc and Tp, and also were 
tested for the presence of a DHFR cDNA insert by tn situ 
hybridisation. Fourteen colonies contained sequences homolo- 
gous with the purified DHFR cDNA probe, and five of these 
(termed ‘weak expressors’) grew on plates containing 5 pg mi~’ 
or more Tp. The remaining nine clones that contained DHFR 
sequences failed to show any growth on concentrations of Tp 
above 2.5 ug ml~’, and were termed ‘non-expreasors’. Plasmid 
DNA isolated from four of the nine non-expressors and from all 
five weak expressors was analysed by gel electrophoresis, and 
the mean inhibitory concentration (MIC) of Tp was determined 
for each of the clones. The structural relationship of the cDNA 
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phase cultures of x2282 expressing trimethoprim resistance were 
grown in the presence of Tp (1 pg ml~™') in minimal medium, 
washed with isotonic saline, and suspended in 50 mM potassium 
phosphate buffer, pH 7.0, containing 10 mM benzamidine and 10 
mM phenyl methyl sulphonyl fluoride (3 volumes buffer to 1 
volume cells). The suspension was sonicated and centrifuged at 
10,000 r.p.m. for 15 min. The supernatant was centrifuged for 1 h 
at 100,000g before being studied. An R, methotrexate-resistant 
mouse cell extract was prepared as described elsewhere**. Enzyme 
activity was measured by the radioactive folic acid assay previously 
described**. Protein was determined by the method of Lowry*”. 
Approximately 3 units of activity from the x2282 extract or 5 units 
from the methotrexate-resistant mouse cell extract were incubated 
with inhibitor for 10 min at 24°C before assaying for folate 
reductase activity; the concentrations shown represent the final 
concentration of inhibitor in the reaction mixture. Background 
values, determined by measuring enzyme activity in the presence of 
10 mM methotrexate, have been subtracted from all points. The 
results presented are the average of duplicate samples which 
generally varied by less than 10% and are expressed as a percen- 
tage of the value obtained in the absence of inhibitor. One unit of 
activity is the amount of enzyme needed to reduce | nmol of folate in 
15 min at 37°C. A and A indicate addition of methotrexate, © and 
@ indicate addition of the triazine derivative, and LJ and @ indicate 
trimethoprim addition for y2282 and the mouse cell extracts, 
respectively. 


insert to the B-lactamase gene sequence of the vector, the length 
of each insert, and the minimal inhibitory concentration (MIC) 
determined for the clone are shown in Fig. 7. As can be seen, 
plasmids pDHFR7, 12, 13 and 26-29 all contain a complete 
DHFR structural sequence inserted in the same orientation 
(that is, orientation a) as the gene encoding the bacterial B- 
lactamase. The clone carrying each of these plasmids expresses 
Tp resistance, although the MIC varies from 150 pg ml‘ for 
pDHFR28 to >1,000 ug ml-' for pDHFR7, 12 and 13; the 
greatest reactivity with antibody to mouse DHFR occurs with 
pDHFR 12 (unpublished data). 

It is unlikely that translational reading frame is the determin- 
ing factor in the different levels of expression observed in these 
clones, as our DNA sequence analysis indicates that a correct 
reading frame is not essential for efficient expression in PDHFR 
7, 12 or 13. However, the positioning of the putative ribosomal 
binding site in relation to the ATG start codon may potentially 
influence the strength of expression by affecting the formation of 
the translational initiation complex (compare with ref. 23) (Figs 
4,7). 

The end of DHFR structural sequence that corresponds to the 
5’ end of the mRNA is not present in plasmids pDHFR 21 and 
24, thus explaining the observed lack of functional expression of 
the cDNA in these clones. However, pDHFR21, which has lost 
less than 15% of the structural sequence, nevertheless encodes a 
(probably hybrid) peptide that contains antigenic sites which 
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react with antibody to mouse DHFR (Fig. 6 and unpublished 
data). It is particularly interesting that the clone carrying 
pDHFR25 expresses a low level of Tp resistance, although the 
coding sequence for the DHFR enzyme is inserted in an orien- 
tation opposite to that of the B-lactamase gene. This finding, and 
our detection in extracts of the pDHFR25 clone of protein that 
reacts immunologically with antibody to the mouse enzyme 
(unpublished data), suggest that readthrough transcription into 
the DHFR coding sequence from a promoter sequence located 
on or near the distal segment of the B-lactamase gene may occur. 
Consistent with this interpretation are preliminary data suggest- 
ing that DHFR antigenic sites are also synthesised by cells 
carrying pDHFR23, which is a non-expressor of Tp resistance 
and contains a cDNA insert in orientation b (Fig. 7). Further 
study is required to determine whether sequences in the distal 
segment of the B-lactamase gene are capable of serving as weak 
promoters for the initiation of MRNA chains that extend into 
the DHFR cDNA. 

The findings reported here indicate that the bacterial clones 
we have constructed are synthesising and phenotypically 
expressing DHFR encoded by mouse cDNA sequences: (1) the 
cDNA insert cloned in bacteria has been shown by in situ 
hybridisation to be homologous with the mouse gene and by 
direct DNA sequence analysis to encode the amino acid 
sequence of mouse DHFR, (2) DHFR enzymatic activity and 
resistance to Tp are specified by nucleotide sequences present 
on chimaeric plasmids but not on the vector, (3) the DHFR 


Fig. 6 Filter affinity transfer analysis’ of bacterial cell extracts. 
20 wl of extracts in SDS sample buffer were run at constant current 
for 3 h in an 11.25% SDS-polyacrylamide slab gel. The gel was 
incubated in PBS (50 mM phosphate buffer containing 0.15 M 
NaCl) for 30 min and placed on a blotter wet with PBS. Peptides 
were specifically transferred from the gel to strips of a dry cellulose 
filter that had been covalently coupled to anti-DHFR F(ab); 
fragments'*. Filters were washed, incubated with antibody to 
DHFR, washed again and treated with '**I-labelled protein A. 
After additional washing and drying steps, the filters were analysed 
by autoradiography. The eluate fraction (lane d) was obtained by 
passage of an extract of x2282 cells containing pDHFR7 over a 0.5 
ml methotrexate-Sepharose affinity column. The extract was 
acidified to pH 5.8, passed over the column and the bound fraction 
was eluted with 2 mM folic acid in a 5 mM NaHCO, buffer at pH 
8.5 as described elsewhere". Lane a, extracts of mouse cell line; 
lanes b and c, pDHFR 7; lane d, eluate from methotrexate column, 
lane e, PDHFR21; lane f, pBR322. 
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Fig. 7. Some structural and functional properties of chimaeric plasmids and x2282 clones containing DHFR cDNA insert. The MIC of Tp for 
each of the x clones was tested on M9 minimal agar plates containing biotin (2 pg mi~’), casamino acids (0.5%), DA? (50 pg mi~'} and Tp 
concentrations ranging from 0 to 1,000 ug ml’. y2282 (pBR322) was used as a control and is sensitive to Tp at 2.5 pg ml7', asdetermined by 
incubation at 32°C for 3d. Plasmid DNA isolated from each clone was digested with Ps endonuclease’? at 37°C for 3h and extracted 
sequentially with phenol and ether. DNA was precipitated with ethanol, resuspended in 8 pl TE buffer and electrophoresed in 1.2% agarose gels 
in TBE buffer to determine the length of the inserted fragment. ColEl plasmid DNA digested with Haell endonuclease? was added to each 
sample as an internal molecular weight standard. Additionally, HindIII-generated fragments of SV40 DNA were used as an external standard*”. 
The standard error is +100 base pairs with the method used. The orientation of the cDNA inserts in the vector plasmid was determined by gel 
analysis of plasmid DNA digested with Bgill and Hincll endonucleases; in addition, PDHFR25 was treated with the EcoRI and Bgili enzymes to 
confirm the orientation of its insert. The direction of transcription of the B-lactamase gene of pBR322 is indicated by an arrow. The shaded area 
in each plasmid map indicates the structural sequence for DHFR. The numbers shown above each Psi, site indicate the distance (in base pairs) 
between the cleavage point and the first nucleotide of the DHFR structural sequence as described in Fig. 4. This distance was determined exactly 
by DNA sequence analysis for plasmids pDHFR 7, 12 and 13 and was estimated for the other plasmids by gel electrophoresis of fragments 
produced by either the Hael or Hpall endonucleases. For the chimaeric plasmids that we subsequently sequenced, thisestimate proved to be 
accurate within 5 base pairs. Pstl-Bgfll distances were determined for the chimaeric plasmids by gel electrophoresis using Hpall-cleaved 
pBR322 DNA as an internal standard. Nucleotides in the 5’ direction on the mRNA from position 1 have negative numbers and are estimates 
obtained from gel analysis for all plasmids except pDHFR7 and 12. 


encoded by the constructed plasmids shows differential sensi- 


tivity to competitive inhibitors of DHFR characteristic of the 
mammalian gene product, and (4) the enzyme synthesised by 
bacteria containing DHFR cDNA is immunologically reactive 
with antibody made against mouse DHFR. 

Note that the clones which express the highest levels of Tc 
resistance contain an immunologically reactive peptide having a 
size characteristic of the mammalian DHFR. A peptide of this 
size could potentially result from proteolytic cleavage of a fused 
8-lactamase~-DHFR protein that was initiated at the B- 
lactamase ribosomal binding site. This proposal is consistent 
with the finding of large-sized protein species containing DHFR 
antigenic sites in extracts from cells that are either Tp? or Tp* 
(Fig. 6). More intriguing, however, is the possibility noted above 
that the Pstl—poly dG sequence constructed at the vector-cDNA 
junction can act together with the nearby ATG (AUG) trans- 
lational start codon to bind mRNA to the bacterial ribosome and 
initiate DHFR peptide chains within the cDNA insert. If this 
interpretation is correct, initiation of peptide chains within other 
eukaryotic cDNA inserts may be obtainable in bacteria by use of 
the same structural relationships that have resulted in expres- 
sion of the mouse DHFR coding sequence. Additional DNA 


sequence analysis and investigation of the protein products 
encoded by chimaeric plasmids should provide definitive 
information on this point and should help elucidate further the 
structural basis for the different levels of Tp resistance expressed 
by various clones. 

Some of the bacterial clones we have isolated produce pro- 
teins that react immunologically with antibody to mouse DHFR 
but which are not biologically active. Our results suggest that an 
important obstacle to functional expression of mammalian 
DNA sequences in bacteria has been the development of an 
assay capable of detecting those clones that possess both a 
complete coding sequence and the correct nucleotide relation- 
ships to allow such expression. The strong shenotypic selection 
possible in the present experiments has provided an effective 
means of identifying and isolating expressing clones. 

As the cloned coding sequence for mouse DHFR is selectable 
in higher organisms as well as in bacteria, it constitutes a 
powerful tool for the construction of eukaryotic cloning 
vectors, for the isolation of replication regions of eukaryotic 
chromosomal and extrachromosomal genomes (compare ref. 
30), and for the isolation and characterisatioa of signals that con- 
trol genetic transcription and translation ir variety of species. 
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N Galaxies—a new class of X-ray sources 


BURBIDGE'’, classified extragalactic objects with bright nuclei 
into threé classes: in order of increasing optical luminosity these 
are (1) Seyfert galaxies; (2) N galaxies; (3) quasars. Many 
Seyferts and several quasars have been shown to be X-ray 
sources. Here we show that N galaxies are also powerful X-ray 
sources. In fact, all six N galaxies in the 3C radio catalogue with 
redshifts less than 0.06 (ref. 2) are detected by the first full-sky 
survey of the Goddard Space Flight Center detectors (A2) on 
HEAO 1. X-ray emission has alsc been discovered from a strong 
Southern Hemisphere radio source, the N galaxy Pic A. Six of 
the seven objects are classified as broad-line radio galaxies 
(BLRGs) and one (3C371) is classified as a BL Lac object’. 
These objects are differentiated from the newly discovered class 
of ‘emission line’ galaxies’ by their high radio flux and extremely 
broad lines. Before HEAO 1 there was one confirmed N galaxy, 
3C120 (ref. 8), and one suggested, 3C390.3 (refs 9, 10). We 
detect 3C120, strengthen the identification of 3C390.3, and 
present evidence for X-ray emission from four new sources, 
3C111,3C382, 3C371, and Pic A. We also suggest 3C445 as the 
identification of 2A2220-022 (ref. 11). 

Figure 1 shows 90% confidence error boxes on the positions 
of these seven galaxies together with 4U (ref. 10) or 2A (ref. 11) 
error boxes where applicable. The 2-10 keV luminosity of these 
objects, as well as other relevant information, is given in Table 1. 
We have also looked for X-ray flux from the next closest N 
galaxies, PKS0521 — 36 and 3C227. No significant flux was seen, 
but the 90% upper limit on the X-ray luminosities (given in 
Table 2) are consistent with their luminosities being comparable 
to the seven detected N galaxies. Except for quasars, these N 
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galaxies are the most luminous class of compact X-ray sources 
yet detected. 

Grandi and Osterbrock have classified radio galaxies spec- 
troscopically as BLRG or narrow-line radio galaxies (NLRG) 
and have demonstrated a high degree of association between the 
classification ‘broad-line’ and the morphological type ‘N’. In 
marked contrast to the situation for BLRGs, only 3C405 (Cyg 
A) of the five NLRGs listed by Grandi and Osterbrock, with 
redshifts less than 0.06, is a detected X-ray source. 3C317 is 
confused with Ab2052, a distance class 3 cluster, and so its 
luminosity is poorly determined. Upper limits on the flux from 
the other three NLRGs are given in Table 2. The deduced upper 
limits on the luminosities are considerably less than average 
X-ray luminosities for BLRG of ~3 x 10 erg s”*. Note that of 
the detected N galaxies, the one with the narrowest emission 
lines, 3C371, has the smallest X-ray luminosity. 

The lack of X-ray emission from NLRGs contrasted to the 
virtual certainty of X-ray emission from BLRGs is similar to the 
distinction between type 1 and type 2 Seyferts, that is, none of 
the ~20 known X-ray emitting Seyfert galaxies are classical type 
2 Seyferts. Grandi and Osterbrock have drawn attention to the 
optical spectral similarities and differences between BLRGs and 
type 1 Seyferts, and NLRGs and type 2 Seyferts, respectively. 

The fact that many of these N galaxies possess compact radio 
components suggests that the synchrotron self-Compton pro- 
cess (SSC)? may be the principle cause of the X-ray emission. 
For 3C390.3, the best studied of these objects, a SSC model 
predicts a physical size to the X-ray emitting region of ~0.1 pc 
and a time scale for X-ray variability of months’*. The detection 
of 3C390.3 by Uhuru and Copernicus at considerably higher 
flux levels and an Ariel 5 upper limit on 3C382 (ref. 14) ~20% 
lower than the present detection indicate possible variability in 
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"a Table 1 Positive detection of N galaxies 


Lo HEAO* 

Object X-ray name Z (2-10 keV) EE Lı Notes 
3C111 H0415 +37 0.0485 5.6x 10“ Near 3U0430 +37 
3C120 250430 +05 0.033 1.4x 10“ 2.3x 10“ (ref. 7) SAS-III position 
30371 H1807 +69 0.0506 0.5x 10 BL Lac object 
30382 H1832 +32 0.0586 5.5x 10“ <4. 5x10“ (ref. 14) = 
3390.3 4U1847 +78 0.0569 24x10“ 4.4x 10 (ref. 9) Variable” 

` HAS 12x 10“ (ref. 10) 
30445 2A2202~02 0.0568 4.5x 10“ 7x10“ (ref. 11) Variable? 
Pic A H0519—45 0.0342 ` 0.8x10% 5 _ a 





* Luminosity converted assuming all spectra are like that of 3C390.3 and Ho = 50 km s~ Mpc”. Statistical errors are ~20% for weakest source. 


this class of object. However, results from the second complete 
HEAO 1 sky scan will provide a better test of variability in these 
objects because of the difficulty in comparing the fluxes of these 
' weak sources between different satellite experiments. Prelim- 
of data fromthe first HEAO 1 survey indicates no 

variability (+50%) for-theee sources on a day-to-day basis. 
Alternatively, Fabian’* has suggested that the X rays are 
produced by gas clouds colliding with velocities of the order of 
the Doppler width of the broad lines. This would account for the 
strong selection seen between BLRGs and NLRGs and the hard 


spectrum seen in these objects. (Detailed spectral analyses are in 


Further HEAO 1 observations will provide the opportunity to 
determine the detailed spectra of these objects and their vari- 
ability on a time scale of months. Also, further BLRGs, when 
they are discovered optically, may be identified with some of the 
~20 new”, weak, unidentified sources discovered with the 


_ HEAO 1 A2 experiment. 


4 


i Table 2 90% Confidence upper limits 


l and will be reported elsewhere.) Only simultaneous Name . Z. L,(90%) Notes 
radio and X-ray observations similar to that already performed 3098 0.0306 <0.5x10"% NLRG 
for Cen- A” can distinguish between these two mechanisms: ' 3C178- 0.0073 <0.02x10“ NLRG 
3C192 0.0596- <1.0x10“ NLRG 
7 30227 0.0861. .<3.3x 10“ BLRG 
30317 0.0351 <1.6x10% |= NLRG confused with 
> distance class 3 Abell 
cluster 2052. New source 
H1513+07 
PKS0521-36 0.061 <1.5x10“ N galaxy 





Fig. 1 `HEAO 1 A-2 90% confidence error boxes. Other error 


_ boxes indicated where The astertsks indicate the 

` candidate object. The dashed lines indicate 90% confidence error 

boxes under the assumption that the sotirce intensity did not vary 

` during the observation. In the case of 3C371 there is an additional 
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The solar wind 
at the turn of the century 


GEOMAGNETIC ACTIVITY is driven by the solar wind, so 
information on the past history of the wind can be derived from 
studies of geomagnetic indices'~*. Comparison of geomagnetic 
activity and sunspot number over the past hundred years shows 
that although both vary with the 11-yr solar cycle, they do so 
with characteristically different patterns. Geomagnetic activity 
rises and falls with about the same amplitude over each 11-yr 
solar cycle, but these variations seem to be superposed on a 
longer-term cycle of similar amplitude. Consequently there is a 
long-term variation in the 11-yr cycie minima as well as maxima. 
In contrast, in the sunspot number record the long cycle appears 
as changing amplitudes of the 1 1-yr cycles, with sunspot number 
returning to near zero at each 11-yr minimum. As geomagnetic 
activity reflects solar wind conditions, it is possible to 
extrapolate backwards in time the present-day solar wind 
measurements taken near the long-cycle maximum and we 
estimate here that around 1900, near the long-cycle minimum, 
either the average solar wind speed was as much as a factor of 
two lower, or the average southward component of the solar 
wind field was as much as a factor of three smaller, or both 
parameters were significantly less than at present. Thus, in the 
not too distant past the solar energy output by means of the solar 
wind was different from what it is now. 

That the solar cycle variations of sunspot number and 
geomagnetic or auroral activity are different has been known for 
some time. Fritz* first noted that the auroral cycle lags the 
sunspot cycle. More recently, spectral analyses of the magnetic 
activity index A, and sunspot number show that both series have 
the same strong line at 10.2 yr and that the lag noted by Fritz is of 
18 months duration’. The shapes of the two solar-cycle varia- 
tions are also different. Magnetic activity tends to have a secon- 
dary, post-sunspot-maximum peak which is associated with 
recurrent storms’. 

The difference between geomagnetic activity and sunspot 
number that we discuss here concerns the pattern of the minima 
from cycle to cycle. Figure 1 shows the solar-cycle variations of 
yearly averages of sunspot number and aa index of geomagnetic 
activity in the top and middle panels, respectively, for those 
cycles from the 1900s to the 1960s where the (aa) minima 


Fig. 1 Yearly means of sunspot number, the aa index, and 
residual aa during the rising years of the long cycle. 








200 ~- 
AS 
£ 100- 
Ww 
Ar 
= 
w . 
5 \ 
“4 
= 
m 
P 
2 
ran sees = eae 
z 
SS 
Š \ 





1900 10 2 30 40 50 60 


0028--0836/78/0275—0626$0 1.00 


Nature Vol. 275 19 October 1978 





caa > minima 
ued 








a 


NENE, LEET, bccn tect ance ait 
1900 i0 20 30 40 50 60 70 
Year 





1870 80 90 


Fig. 2 Solar cycle minima of yearly means of aa. Points between 
dashed lines increase almost linearly. 


increase almost linearly in time. The total increase is about 
10 units, an amount typical of the change in (aa) over a single 
solar cycle. The slope of the increase is so steep that (aa) at the 
1910 maximum is about the same as (aa) at the 1954 minimum. 
In striking contrast is the behaviour of the average sunspot 
variation. Over the same period the maxima increase by about 
120 units; but at each solar minimum the sunspot number 
returns to near zero. 

The increase in sunspot maxima is part of the well-known 
‘80-yr’ sunspot cycle, and apparently the rise in the (aa) minima 
is the geomagnetic activity or solar wind manifestation of this 
same cycle. Brown’ has recently shown that although the 
sunspot number falls to very low values at minima, the 80-yr 
cycle is also clearly present in the time variation of the minima. 
In addition, he found that the phase difference between the 
variations of the minima and the maxima is such that the level of 
any given minimum is a good predictor of the level of the 
subsequent maximum. 

Figure 2 shows the minima of (aa) as a function of time. A 
root mean least squares fit to the six points between 1900 and 
1960 is given by 


(ad min = 0.22 (T ~ 1900)+ 5.70 (1) 


with a correlation coefficient of 0.99. The variation of these six 
points is remarkably linear. The possibility that the linear 
increase is caused by a systematic error in (aa) owing to some 
change occurring at one of the two stations used to determine 
the daily aa can quickly be ruled out because almost identical 
increases occur at the two antipodal stations (Melbourne and 
Greenwich) used to derive the index. The linear increase is 
apparently the result of a change in the driver of geomagnetic 
activity—the solar wind. 

Because in the case of geomagnetic activity the ll-yr cycle 
appears to be superposed on or added to the long-term cycle, the 
pattern of the 11-yr cycle can be separated from the long-term 
cycle by defining a quantity (aa residua given by 


(aa eesidant aa (aa Tni i (aa Jenin (2) 


where (ad) min iS defined by equation (1). The values of (aa } residual 
are shown in the lower panel of Fig. 1. The important point to 
note is that the amplitudes of the cyclic changes are all about the 
same. The residual (aa) averaged over each cycle varies only 
from a high of 7.2 for the 1910s to a low of 5.8 for the cycle 
beginning in 1924. The shapes of the solar cycle variations of 
residual (aa) are almost square. Post-sunspot-maximum activity 
peaks are clearly present but less pronounced relative to the first 
peak in each cycle as compared to the solar cycle variations of 
(aa) in the middle panel. The first peak does not necessarily 
occur at sunspot maximum, but, on the average, precedes 
maximum. In the two solar cycles preceding those shown in Fig. 
1, the first peaks are well pronounced and also occur before 
sunspot maximum (see Fig. 4 of Mayaud*). Note that these 
findings are not consistent with the usual association of first 
peaks with flare-induced geomagnetic storms, which are 
expected to occur most frequently at sunspot maximum. 
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Following the suggestion of Hirshberg? that the 11-yr 
geomagnetic activity cycle, which is so different from the sunspot 
cycle, may well represent an il-yr cycle of the solar wind, 
N.U.C. et al'° found a remarkable similarity between the 
variations of geomagnetic activity and solar wind speed over the 
past solar cycle. To provide good correlations on both short and 
long time scales, they derive an empirical relationship between 
geomagnetic activity and the product of the square of the solar 
wind speed V and the southward component of the inter- 
planetary magnetic field B,. With a relationship of this kind we 
can estimate what the solar wind speed and/or magnetic field 
intensity may have been in 1901. 

The regression line of (aa) on (B,) (V°) for data from the past 
solar cycle is 


(aa) =1.3+4.7 x 107°(B,)(V’) (3) 


where B, is measured in units of nT and V in kms?. The 
correlation coefficient is 0.9. Equation (3) was used to draw the 
curves of constant (B,)(V*) in Fig. 3 for the maximum and 
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Fig. 3 Curves of constant (B,)(V”) for the values of (aa) listed in 

the right margin. Shaded area indicates ranges of yearly averages of 

observed values. Dashed lines extrapolate variables from the 1965 
minimum to the 1901 minimum. 


minimum (aa) for solar cycle 14 beginning in 1901, and for cycle 
20 beginning in 1965. Cycle 20 occurs just after the peak in the 
long cycle, and cycle 14 occurs at the long-cycle minimum. Thus, 
the overlap in the areas covered by these two cycles in Fig. 3 is 
small. Cycle 19, with an (aa) maximum of 32.9 and minimum of 
17.3, would give essentially no overlap; but cycle 20 is plotted in 
Fig. 3 because it begins the era of spacecraft measurements. The 
ranges of observed (B,) and (V) are indicated by the shaded 
rectangle, and the encircled datum point marks the averages 
(B,) = 1.82 nT and (V)=395 kms" for the (aa) minimum year 
1965. Note that the observed (B,) for 1965 is not the lowest 
observed value, as indicated by the shaded region, which 
extends down to (B,) = 1.53 nT. This lowest value is an average 
from 1964, the year of sunspot minimum; its uncertainty is 
rather large, since only about one month of hourly averages are 
available from 1964!°. Interestingly, if curves were drawn for 
the five (aa) minima recorded prior to 1933, none of them would 
intersect the shaded region of observed solar wind values. 

If in one extreme we assume that the solar wind speed in 1901 
was the same as during (aa) minimum of the recent cycle, it 
follows that the magnitude of (B) was about 0.65nT, as 
indicated in Fig. 3 by the intersection of the dashed line at 
(V)=395 kms’ and the 1901 curve. This value of (B,) is about 
a factor of three smaller than (B,) for the 1965 (aa) minimum. 
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As mentioned by Russell’, a reduced southward component can 
result either from a reduction in the intensity of fluctuations 
relative to the field magnitude, since an undisturbed solar wind 
has no significant southward component in the solar equatorial 
plane, or, if that ratio is constant, from a reduction in the field 
magnitude. Thus if the ratio of the southward component to the 
field magnitude was the same in 1901 as at present, then the fleld 
magnitude may have decreased by as much as a factor of three. 

In the other extreme, we can assume that the solar wind field 
remained constant, and the speed decreased to produce the 
1901 (aa) minimum. If (B,) remained at the 1965 value of 
1.82 nT, then the dashed line at that value in Fig. 3 indicates that 
the solar wind speed average was 237 kms’ in 1901. A more 
physically correct treatment of this extreme is to assume that the 
field magnitude at the Sun and the ratio of (B,) to the field 
magnitude at 1 AU remained constant. In this case, the increase 
in field magnitude with decreasing speed at 1 AU must be taken 
into account. The resulting dashed curve in Fig. 3, which was 
plotted from Parker’s’* equations, indicates that under these 
assumptions (V) was as low as 180 kms ‘. This is indeed a low 
value for a yearly average in comparison to solar wind 
measurements of recent times, where hourly averages of 
~200 km s` are rare. These values for speeds and field intensi- 
ties are extremes, and it is more likely that both quantities 
changed over the 64-yr period. 

Although photographs of the corona during eclipses at the 
turn of the century are available, the plates are not calibrated, so 
comparisons to the present day corona cannot be made. 
However, in this study we have shown that there were consider- 
able changes in the solar wind over the past century. This implies 
some change in the state of the solar corona itself. 

We thank J. A. Eddy for encouragement and G. L. Siscoe and 
T. E. Holzer for helpful suggestions. This work was supported in 
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Power harmonic radiation enhancement 
during the sudden 
commencement of a magnetic storm 


THE enhancements of power harmonic radiation that occurred 
at the same time as a sudden commencement of a geomagnetic 
storm (ssc) and with geomagnetic pulsations that followed the 
ssc are described and discussed here. The power harmonic 
radiation was detected by an ELF-VLF wave receiver with 
two loop antennas and a vertical whip at Riverton, while geo- 
magnetic variations were observed by three induction 
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magnetometers distributed at Thompson (55.9° N, 97.4° W), 
Riverton (51.0° N, 97.0° W} and Star Lake (50.1° N, 95.2° W}, 
Manitoba, Canada. The power harmonic enhancements are 
accounted for in terms of the geomagnetically induced telluric 
current that was possibly shunted through transformer neutrals 
and a transmission line of a power system, giving rise to a near 
saturation of the transformer core material. The important role 
which the enhanced power harmonics may have in stimulation of 
emissions in the magnetosphere is considered. 

During a joint IMS campaign for aurora/ULF-VLF waves in 
Manitoba, Canada, from 10 to 24 September 1977, a magnetic 
storm broke out on 21 September with an ssc. A generally 
accepted concept of an ssc was first presented in 1933’ which in 
terms of hydromagnetics is described as a rapid compression of 
the Earth’s magnetosphere due to an abrupt increase in the solar 
wind kinetic pressure. This specific event is ssc* in type which is 
characterised by a prominent negative kick on the magnetic 
horizontal (N~S) component before the compressional (positive) 
increase. Induction magnetograms at three stations, Thompson, 
Riverton and Star Lake indicate that the negative kick (south- 
wards deflection) started 24.45.00 UT simultaneously at all 
three stations. The negative phase lasted until 20.45.47 at 
Thompson, 20.45.33 at Riverton and 20.45.30 at Star Lake. 
Following the negative phase, the compressional increase 
(northwards deflection) of the horizontal component took place 
during the intervals 20.45.47-20.47.30 at Thompson, 
20.45.33~-20.46.25 at Riverton, and 20.45.30-20.46.17 at Star 
Lake as can be seen in the lower panel of Fig. 1. This positive 
phase was followed by damped oscillations. At Riverton, the 
damped oscillation took a period of approximately 2 min and 
continued until 20.53.00. The ssc* and the subsequent damped 
oscillations in the Earth's magnetic field gave rise to two effects 
on VLF emissions which were recorded at Riverton cencur- 
rently with the ULF magnetic observation using a receiver 
system for finding the arrival direction’. 

One of the two effects concerns natural VLF chorus emis- 
sions. This effect is already known and has been explained in 
terms of increases in gyrofrequency of suprathermal electrons 
and in the anisotropy factor of their distribution in velocity space 
during the course of a magnetospheric compression”. Band- 
width broadening, increase in mean frequency and enhance- 
ment of band-integrated intensity—-the changes characterising 
the ssc effect in chorus as seen in the spectrogram in the upper 
panel of Fig. |-——are reasonably well understood in terms of the 
changes in the two parameters mentioned above. 

The second effect, which is the main one considered here, 1s 
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enhancement of harmonies in commercial electric power. As the 
spectrogram shows, the intensities of the power harmonics 
increased almost concurrently with the distinctive deviations on 
the induction magnetograms. The main harmonic components 
before the ssc were the 3rd (180 Hz) and the 9th (540 Hz), both 
being relatively weak. At the onset of the negative kick, even 
harmonics came out: the bands of the 6th (360 Hz) and 12th 
(720 Hz) harmonics were considerably intensified. The pre- 
existing bands, the 3rd and 9th harmonics, seem to have been 
enhanced also. It is interesting that the harmonics appeared at 
multiples of 180 Hz as if it were the fundamental frequency. This 
suggests that they were generated in a three-phase a.c. trans- 
mission system. These bands then gradually decreased in 
intensity towards 20.45.45. They were enhanced again in a time 
interval 20.45.50-20.46.45 during which the harmonics up to 
18th (1,080 Hz) were excited. After this, their intensity was 
increased again and again, for example, from 20.47.00 to 
20.47.12, from 20.47.25 to 20.48.33 and so forth as shown in 
Fig. 1. 

The initiation of the first enhancement of the harmonics 
(especially 6th) coincided with the initiation of the negative kick 
at Riverton where the VLF recording was carried out, but their 
decay came out about 10s behind the positive turn of the 
magnetic deflection. The second enhancement then began about 
15s behind the positive turn and continued until about 20s 
behind its negative turn at Riverton. The third and the fourth 
enhancements also occurred 15-20 s behind the corresponding 
deflections of the horizontal component at Riverton. 

The above facts strongly suggest that the harmonics were 
generated in a power system near the VLF observation site at 
Riverton due to the effects of the ssc. One possibility is that the 
ssc-induced electric field gave rise to an electric current in a 
circuit consisting of ground—transformer A-transmission line- 
transformer B-ground. The current intensity must have had a 
slow temporal variation with a time scale comparable to that of 
the magnetic field variations detected by the induction 
magnetometers. The current probably gave rise to a quasi-d.c. 
bias to the hysteresis loop of the core material of the trans- 
formers, with probable magnetisation to near saturation with 
resultant non-linear distortion of the current waveforms’. 
Quasi-d.c. electric currents between a transformer neutral and 
ground have been recorded. Currents were found to increase at 
a time of magnetic disturbance. Enhanced currents are referred 
to as solar-induced-currents (SICs) in electrical engineering® 
and were found to be as large as 100 A, during severe magnetic 
storms. 


Fig.l A frequency-time 
spectrogram of chorus 
emission and power line 
harmonics (a), along with 
induction magnetograms 
of the magnetic horizontal 
component recorded at 
Riverton, Star Lake and 
Thompson (b). The 
ELF-VLF signals (mag- 
netic component) were 
received on a loop 
antenna whose plane lay 
im that of the magnetic 
meridian. The power 
harmonics are seen as 
horizontal lines in the low 
frequency band below 
I kHz. Their enhance- 
ments start coincident 
with the initiation of the 
rapid negative deflection 
of the magnetic horizontal 
component. 
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The non-linearity in magnetisation of the transformer core 
materials is bound to give rise to higher harmonics in power line 
currents. It has been shown that the third harmonic is dominant 
among the higher harmonics’. According to our analysis, only 
odd harmonics are excited if the hysteresis loop of the trans- 
former core materials has a point of symmetry, whereas both 
odd and even harmonics are excited in the absence of point- 
symmetry. In the absence of d.c. bias, the hysteresis loop of a 
ferromagnetic material has a point of symmetry; however, the 
symmetry is generally lost if'a d.c. bias is applied. This readily 
explains why odd harmonics only (3rd and 9th) existed before 
the ssc whereas both odd and even harmonics (6th, 12th and 
18th) were generated corresponding to the rapid magnetic 
fluctuations of the ssc. 

The foregoing cause of SIC-induced harmonics suggests that 
the 10-20-s delay of the enhancements of the harmonics after 
the beginnings of the magnetic fluctuations on the horizontal 
component at Riverton may be attributed to the hysteresis of the 
transformer core, as the induced current must be reversed 
between one harmonics enhancement and the next. Possible 
phase differences between magnetic fluctuations and telluric 
currents may also be responsible for the delay. 

It is appropriate to check whether the ssc-induced telluric 
current can be strong enough to bring the transformer cores to 
near saturation. If we assume that the power line is straight and 
Í km in length, flow-pattern of the telluric currents is likely to be 
affected in an area of order of [° km’. Considering a square 
whose side length is /km, the total current flowing across the 
square’s side perpendicular to the power line can be estimated as 
follows. An abrupt magnetic field change of 1 nT is estimated to 
give rise to telluric currents with depth-integrated strength of 
~1 A km~’. The size of the ssc under consideration is estimated 
to be ~ 50 nT. Consequently, the strength of the telluric current 
is ~50 A km™'. Assuming that / is 300 km, the total current 
flowing across the perpendicular side is ~ 15,000 A. A very 
smal] portion of this current, if shunted by the power line, can 
affect transformer cores considerably. 

The observation—interpretation of the ssc-enhanced power 
harmonics leads to two points of interest: one scientific and one 
industrial. The scientific point concerns VLF chorus emissions. 
Chorus emissions are known to increase during magnetic 
substorms. This is generally understood in terms of the increased 
population of suprathermal electrons in the magnetosphere’. 
However, our investigation indicates that the enhancement of 
power harmonics during a magnetic storm may, itself, have an 
important role in giving rise to enhanced stimulation of emis- 
sions in the magnetosphere. The seeding of the harmonic waves 
is known to increase the emission activity’, and our obser- 
vation shows that the seeding process itself is enhanced during 
magnetic disturbances. Note that enhanced seeding of power 
harmonic waves means not only the increase in wave amplitude 
but ako enrichment in spectral content, extension to higher 
frequencies and occurrence of even harmonics. The industrial 
point is that suitably distributed VLF receivers and induction 
magnetometers are expected to be useful for monitoring SICs in 
power systems. Observation of power harmonic waves by VLF 
receiver is expected to yield quantitative information on 
strength of SICs. SICs are likely to be caused by various types of 
Magnetic variations: ssc, magnetic pulsations, polar substorm 
and magnetic storms. Identification of the particular type can be 
made through observation by induction magnetometers. 
Understanding the nature of SICs is expected to help find ways 
of minimising their undesirable effects on power generation, 
transmission and distribution. 
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Thermoluminescence and 
terrestrial age of the Estacado meteorite 


THE terrestrial age of a meteorite is the number of years which 
has elapsed since the meteorite fell to Earth. The terrestrial ages 
of most meteorites are not known directly, as most are ‘finds’ 
rather than observed ‘falls’. Here we discuss the various 
methods which have been suggested to determine the terrestrial 
age of the ‘finds’, and these may be conveniently divided into 
two categories: (1) those which use the decay of spallation- 
produced radioactive isotopes’~*; (2) those which use the ther- 
mal drainage of thermoluminescence (TL) from the material‘. 

Boeckl’ has calculated the terrestrial ages of 19 stony 
meteorites from a derivation of their radiocarbon content. 
Among the meteorites studied was Estacado (H-group chon- 
drite) for which Boeckl calculated a terrestrial age of 6,800+ 
3,000 yr. Recently, McKeever hod Durrani’ have carried out 
some TL studies of Estacado, the results of which are not 
consistent with such a large terrestrial age. After a meteorite 
falls, it is shielded from cosmic rays by the Earth’s atmosphere. 
The TL induced in the meteorite by cosmic-ray bombardment in 
space will thus slowly drain from the meteorite as it rests on the 
FEarth’s surface, the high-temperature (~400 °C) region of the 
TL glow decaying much more slowly than the low-temperature 
(~200 °C) region. The high-temperature region of Estacado’s 
TL glow seems to be far too high to be consistent with a 
terrestrial age of 6,800 yr. 

Figure 1 shows the high-temperature (HT) TL of 14 
meteorites of known terrestrial age (that is, ‘falls’) and the 
high-temperature TL of five ‘finds’. The TL is plotted either 
against known terrestrial age, or against deduced age from “C 
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TL: Height of HT (arbitrary units) 





Fig. 1 isdissay ot Gis dncadity ob is Hise TE 
region from 14 ‘falls’ (O) and five ‘finds’ (O) The +C age for Potter 
is from Suess and Winke*. The uncertainty in the TL is estimated 
from the standard deviation of the high-temperature TL within a 
sample, based on 75 measurements of the natural TL in Estacado. 
The dotted curve is an estimation of the decay curve. Ba, Barwell; 
Br, Bruderheim; Kh, Khanpur; SB, Soko Banja; Bu, Butsura; OL 
Olivenza; Cr, Crumlin; Dh, Dhurmsala; Es, Estacado; Te, 
Tennasiim; Li, Limerick; Al, Aldsworth; Sa, Saratov; Je, Jelica; 
Ga, Gambat; Pl, Plainview; Bi, Bloff;.Di, Dimmit; Po, Potter. 


measurements'*. Clearly, Estacado is ‘anomalous’ in that the 
intensity of the high temperature TL is not consistent with a ““C 
age of 6,800 yr. Indeed, the TL data suggest a true terrestrial age 
of 100 yr. 

Further evidence is available to support a terrestrial age 
= 100 yr for Estacado. First, its appearance is one of a reason- 
ably ‘fresh’ fall. Besides rusting on the surface, the interior of the 
meteorite was very fresh looking (a pale grey) which, when the 
meteorite is compared with meteorites such as Dimmit or 
a aaa sa aa 
6,800 yr. 

Second, there is some atone circumstantial vac to 
indicate that Estacado fell in 1882. Howard and Davison’ have 
given a detailed account of the find of Estacado. In 1882, a 
bright fireball was scen by the residents of the colony of 
Estacado, Hale County, Texas. The meteor was seen to fall 
north-west of them. In 1883 several cowboys came across the 
meteorite in the vicinity of the conjectured fall of the meteor. As 
this is a stoneleas region, the inhabitants considered the 
metedrite to have been the cause of the fireball scen in 1882. 

Viewed in the light of the account reproduced by Howard and 
Davison, the TL data clearly support the view that Estacado’s 
terrestrial spe is only =100 yr and not several thousands of years 
as deduced by Boeckl. 

Thi disciesinn- ok Retacnie's teireatrial age suggests theta 
useful check of a deduced. “C age would be to carry out some TL 
measurements in order to check the consistency of the “C age 
with the TL properties. Similar inconsistencies have been 
highlighted in earlier work’. 
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An explosive volcanic eruption 
in the Southern Hemisphere i in 1928 


SEVERAL élimatolopists™ -> have compiled lists of volcanic 
eruptions which are thought to be of meteorological and clima- 
tological importance. Although these lists have been criticised 
for being incomplete‘, subsequent authors*” have used them in 
studies designed to reproduce and explain the climatic history of 
the Northern Hemisphere. I report Here additional information 
on two volcanic eruptions which may be climatologically 
significant but have generally not been considered in climate 
studies. By clanfying the volcanic chronology, a better test of the 
hypothesis that volcanoes cause part of the observed climate 
change can be made. 

From measurements of solar radiation by the Smithsonian 
Astrophysical Observatory made at Mt Montezuma, Chile, Mt 
Brukkaros, South-west Africa, and Table Mountain, California, 
there is evidence for an increase in atmospheric turbidity in 1928 
which can be best attnbuted to a volcanic eruption which ejected 
acrosols into the stratosphere. Paluweh (8° 19’S, 121° 42’E) in 
the East Indies, which caused tidal waves with its eruption in 
1928, is the major cause of the decrease in atmospheric trans- 
mission at this time, although Reventador (0°05’S, 77°40’ W) in 
Ecuador which also erupted in 1929 may have contributed to 
this decrease. Radiation records at Washington, D.C., Madison, 
Wisconsin, Lincoln, Nebraska, and Blue Hill, Massachusetts 
also show decreases in atmospheric transmission’. Modern di- 
matologists have generally overlooked the volcanic eruption of 
Paluweh in 1928, although this was probably one of the largest 
eruptions between that of Katmai in 1912 and Agung in 1963. 

The Astrophysical Observatory of the Smithsonian Institu- 
tion made pyrheliometric observations of the normal incidence 
irradiance of the Sun at Mt Montezuma, Chile (22°40 S, 
68°56' W) from 1920 to 1955. Fhese measurements were made 
with silver disk pyrheliometers and Angstrom pyrheliometers at 
selected air mass values. Many measurements were made at sea 
level air mass values of 2.0 and 2.5 and are tabulated by Abbot 
and Aldrich* and Aldrich and Hoover’. The true air mass values 
are 1.44 and 1.80 for the mean station surface pressure. 

The ratio of the pyrheliometric measurements at air mass 2.5 
to that at 2.0 provides a relative measure of atmospheric trans- 
mission’® which is independent of the pyrheliometer calibration. 
Ratios are calculated on each day for which the pair of obser- 
vations are available. Monthly means are calculated from the 
daily values. For those months with no data, the average value of 
all the months with the same name is used. The resulting time 
series is then smoothed by using a 13-month running mean 
average to remove seasonal variations. The resulting trans- 
mission curve is shown in Fig. 1. 

Most of the features of this curve can be explained by known 
causes. The low transmission values before 1926 are caused by 
the volcanic eruption of Puyehue, Chile (40°35’ S, 72°08’ W) in 
December 1921 (refs 11, 12). The decrease in atmospheric 
transmission in 1932 was caused by the eruption’of the Quizapu 
crater of Cerro Azul (35°39 S, 70°46’ W) in Argentina.in' April 
1932. A volcanic cloud 15 km in height was observed!*. This 
stratospheric event was observed throughout the Southern 
Hemisphere” and ash fell over much of South America'*, From 
Fig. 1 it can be seen that it took 2-4 yr for the atmosphere to 
return fo normal transmission. This behaviour is characteristic 
of a violent volcanic eruption in which aerosols are injected mto 
the stratosphere. After 1950 the atmospheric transmission 
decreases because of local contamination by a copper smelter at 
the Chuquicamata mine located north of the station. This local 
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Fig. 1 The 13-month running mean values of the ratios of the 
pyrheliometer measurements at air mass 2.5 to that at air mass 2.0 
at Mt Montezuma, Chile. It is a measure of the relative atmospheric 
transmission. The increase in optical depth for air mass 1 after the 
eruption of Paluweh in 1928 averaged about 0.02 for 6 months 
after the eruption at Mt Montezuma. The times of the eruptions of 
Paluweh (1928) and Quizapu (1932) are indicated by arrows. 
Because running means are used, the apparent atmospheric 
transmissions seem to start decreasing about 7 months before the 
date of the eruption. 


contamination becomes particularly evident in late 1952 with 
the opening of a major smelter. 

Another decrease in atmospheric transmission is observed 
starting in 1928. The decrease and subsequent slow rise in 
atmospheric transmission is very similar to the event of 1932. It 
seems to be a stratospheric volcanic event in July or August 
1928, but it is not mentioned in the usual lists of explosive 
volcanoes’ *, The Smithsonian observations of the aureole 
showed an increase in brightness, and the pyrheliometric 
measurements a decrease in intensity at this time in a manner 
similar to that in the period after the Quizapu eruption. There 
was no appreciable change in total precipitable water. The 
measured solar constants of the Smithsonian Astrophysical 
Observatory at Mt Montezuma, Table Mountain and Mt Bruk- 
karos also decreased at this time which is an indication of 
increased atmospheric turbidity because of errors in their 
reduction scheme’. Clearly, the decrease in atmospheric 
transmission in 1928 was caused by an increase in the stratos- 
pheric dust loading both because of the long period of decreased 
atmospheric transmission and because it was observed world- 
wide. Indeed, Stormer’® photographed stratospheric dust clouds 
in Europe in January 1929 which may have originated from the 
1928 volcanic eruption. 
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Although several volcanoes erupted in the period 1927-29, 
the eruption of Paluweh in the Isle Flores or the East Indies was 
the primary cause of the increase in turbidity observed at Mt 
Montezuma. Paluweh was active from 4 August to 25 Septem- 
ber 1928 (ref. 17) and was the only violent volcanic eruption at 
this time. The eruption was accompanied by a tidal wave and the 
creation of three craters with diameters 80-600 m wide. The 
decrease in atmospheric transmission at Mt Montezuma was 
observed immediately after this eruption and continued for 
about 2 yr. 

Reventador (0°05' S, 77°40’ W) in Ecuador erupted in 1929 
with ash rains evident in the Andes’*. This eruption may have 
prolonged the decreased atmospheric transmission and may 
account for the double-bottomed depression in Fig. 1. Other 
minor eruptions in 1928 were Slamet (7°14°S, 109°12'E) in 
Java, Bromo (7°56'S, 112°57'E) in Java, Raung (8°07'S, 
114°02’ E) in Java, Ii Werung (8°32' S, 123°35’ E) in the Lesser 
Sunda Islands, and Batuk Petarangan (7°10°S, 109749 E} in 
Java. Active volcanoes in 1929 include Quizapu, Mt Pelee on 
Martinique, and Asama in Japan. 

Hand’ independently confirms that Paluweh was the major 
contributor to increased turbidity in 1928 and 1929 using the 
Weather Bureau pyrheliometer data. His bricf mention of an 
eruption in the Isle Flores, Dutch East Indies, seems to be the 
only previous comment on a volcanic eruption at this time in the 
meteorological literature. At Washington, D.C., Madison, 
Wisconsin, Lincoln, Nebraska, and Blue Hill, Massachusetts, 
the atmospheric transmission decreased beginning in April of 
1929. The Southern Hemisphere autuma is the most favourable 
time for the transport of stratospheric aerosols across the Equa- 
tor’'’, hence the delay of 6-8 months of the effect of the 
eruption of Paluweh on the radiation records in the US. Meinel 
and Meinel” found a comparable delay before volcanic dust 
from the Agung eruption became evident over the US, Paluweh 
and Agung are located close to each other. From the Smith- 
sonian records, the Lamb dust veil index for this volcano seems 
to be about 100, thus making it the most important eruption 
between Katmai in 1912 and Agung in 1963. The decrease in 
atmospheric transmission in the US after the Paluweh eruption 
was about 30-40% of that observed after the Agung cruption. 

The eruptions of Paluweh in 1928 and Quizapu in 1932 may 
have had a worldwide effect on the mean surface temperature, as 
indicated by Fig. 2 taken from Oliver”. One year after both 
eruptions there was a decrease in the mean surface temperature 
of the Northern Hemisphere of the order of 0.3 °C. Miles and 
Gildersleeves*', have shown that 1 yr after a major volcanic 
eruption there is on the average a decrease in the mean surface 
temperature of 0.29 °C and that there is only ‘a small probability 
of the result being due to chance.’ Mass and Schneider® find that 
the depression in surface temperatures | yr after a volcanic 
eruption is significant at better than the 99% confidence level, 
Humphreys’’, Mitchell”, Yamamoto et al.**, and others reach 
similar conclusions based on experimental data, and Hansen et 
al’, Baldwin et al.*°, and others support these observations by 
theory. Thus, there is reason to believe that the depressed 
surface temperatures in 1929 and 1933 may have a cause and 
effect relationship with the volcanic craptions occuring 1 yr 
earlier. These drops in temperature may occur by chance but the 
probability of this happening is low, probably less than 1%. 
From Budyko*’, the year-to-year variation in the Northern 
Hemisphere annual mean surface temperature is O.12+ 
0.097 °C for the period 1923-54. Therefore, the probability of a 
0.3°C temperature change being caused by chance alone ts 
about 1% or less using three standard deviations as a guide. 
Furthermore, the probability of successfully identifying the 
years when the temperature decreases will occur only from a 
knowledge of the dates of the major volcanic eruptions is even 
less. In short, there is a strong suggestion that the volcanic 
eruptions affect climate 1 yr afterwards but not longer. Further 
studies of these eruptions and their effect on atmospheric 
transmission and climate will be needed to confirm these 
conclusions. 
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Fig. 2 The Northern i 
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ture anomaly (°C) as given by Oliver”. Major volcanic eruptions are indicated below. Events 1 and 2 


Hemisphere temperature 
to the volcanic eruption of Paluweh in 1928 and to the Qurrapu eruption in 1932. These Southern Hemisphere volcanic events may 
have affected the Northern Hemisphere temperatures, as can be seen by the decrease in temperatures about 1 yr after the two events. (The arrows 
for Paluweb and Quizapu are primarily used to mdicate the times of their eruptions, not their strength.) 


Most climatologists'* have failed to include these eruptions 
in their lists and have included other volcanic eruptions which do 
not show up in the radiation records. For example, Oliver” omits 
these eruptions in his analysis of the Northern Hemisphere 
surface temperatures, but it seems that volcanic dust originating 
in the Southern Hemisphere can cross the Equator and 
significantly affect the climate in the Northern Hemisphere. 
However, we emphasise that not all features of the climatic 
record can be explained by volcanic eruptions, although certain 
fluctuations in climate do seem to be caused by this mechanism. 
The climatology of the Southern Hemisphere is not yet well 
enough established in the 1920s to determine the effect of the 
eruption of Paluweh on the climate of the Southern Hemis- 
phere. 


DOUGLAS V. HOYT 
National Oceanic and Atmospheric Administration, 
Boulder, Colorado 80303 
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Stimulated resonance between electrical 
and shear fields by a colloid system 


CERTAIN polymer solutions have been shown using a Couette 
shear dielectric cell’ to exhibit changes in dielectric properties 
when subjected to a shear field*”. For polar polymers which lack 
flexibility, the action of a rotational shear field alters the time- 
dependent distribution of dipole orientation which results in 
changes of permittivity, loss magnitude and relaxation 
frequency’. In quantitative terms these changes seem to cor- 


` respond well with the theoretical treatment due to Barisas*. A 


distinct difference in the situation occurs when flexible polymers 
such as poly(styrenes) or poly(p-ethoxystyrenes) are subjected 
to such shear fields. The changes are inconsistent with the 
magnitude of the polymer dipole and solvent relative permit- 
tivity takes on a rather dominant role’. To test the importance of 
variation of the internal field term on shape changes due to 
polymer coil distortions, we have studied an organic colloid 
system: cross-linked poly(ethylacrylate) dispersed in heptane 
and stabilised with a ‘comb’ graft copolymer [poly-(12-hydroxy 
stearic acid) terminated with glycidyl methacrylate and then 
copolymerised (1:1) with methyl methacrylate]’. 

This latex system consists of mbbery particles of 0.4 um 
average diameter which can presumably shear distort. We 
observed a resonance (Fig. 1) between the shear field (shear rate 
G (s™")) and electric field f (Hz). We know of no previous 
observation of such a phenomenon. 

Certain preliminary observations suggest a mechanism for the 
effect. A study of the frequency dependence of relative permit- 
tivity (e’) and loss (e”) in the absence of a shear field indicates, as 
shown in Fig. 2, that the heptane dispersed colloid has a bigh 
relative permittivity at low frequency and that at least two loss 
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processes are present. One occurs with a maximum at such a low 
frequency (<10* Hz) that its resolution is not possible with our 
audio frequency bridge equipment; the other apparently occurs 
at a frequency ~10° Hz as indicated by spot coaxial line and 
wave guide measurements. Even attempts to shift the low 
frequency process completely into the range of measurements 
(>10° Hz) by increasing the temperature to 60 °C failed, though 
a partial shift did take place. A further temperature increase was 
not practicable due to solvent volatility. The large value of the 
relative permittivity at 10° Hz of a 40% dispersion above that of 
pure heptane (Fig. 2) together with the presence of two loss 
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Fig. 1 Resonances in relatrve permittivity (e) (a) and dielectric 
loss (s”) (b) for the organic colloid in shear (rate G (s~*)). Numbers 
give polarisation frequency f (Hz). 


processes at vastly different frequencies suggest that dissumilar 
mechanisms are responsible. The high frequency process is 
probably dipolar whereas that at low frequency is in our view 
interfacial (Maxwell-Wagner), although a dipolar origin in the 
poly(ethylacrylate) cross-linked phase cannot be ruled out. We 
favour an ionic-conductance process due to trace impurity ions, 
through or over the surface of the particles, promoting inter- 
facial polarisation rather than onentation polarisation because 
of its low frequency, large magnitude and its agreement with a 
mechanism described below. Also, at the frequency of this 
process a bulk conductivity term is present shown by values of s” 
exceeding the incremental relative permittivity (Ae’). 

On the basis of an interfacial polarisation the resonances 
shown in Fig. 1 originate in a coupling between electric field- 
induced charge displacement and forced rotation of the particles 
by the shear field. Indeed, the condition for the position on the 
shear-rate axis for such maxima (G,,,,) can be predicted to occur 
when the angular frequencies of polarisation and rotation 
match. The condition that 2af = G,,,,,/2 follows if the particles 
are spherical and rotational diffusion has no influence®. Angular 
fluctuations due to brownian motion for such large particles will 
be small and even if significant, are not likely to alter the position 
of the maximum. The neglect of diffusion is therefore justified. It 
follows that f should be proportional to Gm, and this is shown in 
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Fig. 2 The increment in relative permittivity (As’= stonnoe — 

£iciven: ) (a) and dielectric loss (s”) (b) of the organic colloid in 

heptane. @, 30°; O, 60°. Dashed line is interpolation based on 
limited data. 


Fig. 3. Also shown in Fig. 3 is the theoretical line of slope (4r y`. 
The slight discrepancies we attribute to inaccuracies in gap 
measurement. An error of 1.3 um in the gap measurement of 
23 um would account for the divergent slopes: this is within the 
limits of the capacitance based measurement’. 

Work is proceeding on this resonance phenomenon and its 
application to aqueous media. This important class of polymer 
systems, which includes biopolymers in their natural environ- 
ment, presents considerable problems in dielectric studies in the 
kHz-MHz frequency range because of the screening effect of 
balk conductance. We have experimentally established with 
dioxan—water mixtures that bulk conductance in isolation does 
not give rise to a shear-induced resonance in permittivity. Thus, 
this resonance phenomenon may possibly be used to decouple 
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dielectric relaxations, particularly interfacial ones, from the 
screening effect of bulk conductivity. 

We thank ICI Paints Division for the supply of the organic 
colloid and for helpful discussions, also the SRC for an equip- 
ment grant and for a postgraduate studentship to E.M.G. 
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Epitaxial synthesis of diamond 
by carbon-ion deposition at low energy 


THIN epitaxial layers have been grown in vacuum by the 
controlled deposition of low-energy carbon ions on to heated 
single crystal diamond substrates by a process described here. 
Reproducible crystalline growth, up to 10 pm in thickness and 
up to several mm* in area, has been observed on both natural 
stones and polished diamond plaques’. Three competing forms 
of ion-deposited carbon have also been characterised. 

Various methods of diamond synthesis have been reported; 
the most successful involve growth at elevated temperature 
under very high pressure. Limited success has also been 
achieved in the metastable region by vapour-phase epitaxy at 
low pressure, but such procedures are constrained by the 
spontaneous graphitisation of diamond at high temperatures. At 
the lower temperatures which have been used, the scale and the 
quality of crystalline growth are severely limited by the compet- 
ing formation of other modifications of carbon. 

In 1971, Aisenberg and Chabot’ described the production of 
‘diamond-like’ films by the deposition of low-energy carbon ions 
on a variety of surfaces. The depositions were carried out at 
room temperature and the substrates did not include diamond. 
The further characterisation of such films by ellipsometry and 
X-ray and electron diffraction has been reported by Spencer ef 
al.*. Although the properties of the deposits were variable, there 
was evidence of polycrystallinity with definite, but usually very 
weak, X-ray lines assignable to diamond. 

In 1967 J.H.F. described the adaptation of a heavy-ion 
accelerator for a variety of ion-bombardment studies on semi- 
conductor substrates*. These included the study of epitaxial 
growth through the deposition of low-energy silicon ions on 
heated wafers of single crystal silicon. Such epitaxy is to be 
expected and it simply reflects the thermodynamic stability and 
the established vapour-phase growth behaviour of crystalline 
silicon. It has been subsequently confirmed in more detailed 
studies® using low-energy silicon and germanium tons. The 
situation with respect to carbon is quite different; not only is 
diamond metastable in such deposition conditions, but it has 
also been observed that the radiation damage due to ton 
bombardment can result in irreversible graphitisation ’. 

Nevertheless, some encouraging indications of diamond 
synthesis were obtained in an initial feasibility study carried out 
in 1972. Carbon ions with an energy < 100 eV were deposited 
on to a small area of a heated diamond plaque. The resulting 
brown layer, ~3,000 A in thickness, resisted simple abrasion 
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Fig. 1 Interferometric micrograph of an epitaxial deposit on a 
polished diamond plaque. Note the carbonaceous inclusions in the 
deposited layer. 


tests and showed evidence of crystallinity when studied by 
proton channelling. It thus seemed that the very localised dis- 
sipation of energy as the ions were stopped on, or very close to, 
the surface may have assisted epitaxial growth by inducing 
mobility at an acceptable substrate temperature. 

A wide range of experiments was carried out subsequently on 
a much improved ion-deceleration apparatus’ installed on a 
Harwell/Lintott type of heavy-ion accelerator. These demon- 
strated that the deposition process is complex and that at least 
three other forms of carbon can compete with the epitaxial 
synthesis. It was also found that, at low ton energies, even slight 
surface contamination affects the reproducibility of deposition. 
The most consistent results and the best quality of growth were 
obtained using carbon ions at an energy of around 900 eV on 
carefully cleaned diamond plaques, heated to about 700 °C. The 
layers, which were deposited to a thickness of several micro- 
metres at a rate of a few thousand Angstroms per hour, regularly 
contained a low density of carbonaceous inclusions but other- 
wise apparently represented continuous epitaxial growth on the 
crystalline substrate 

An interferometric micrograph of an epitaxial deposit 
containing inclusions on a polished diamond plaque is shown in 
Fig. 1. Evidence of crystallinity in such a layer can be seen in the 
reflection high-energy electron diffraction pattern (RHEED) in 
Fig. 2. Various other techniques were also used to characterise 
the ion deposited layers. Finally, on the basis of the accumulated 
experience with a large number of samples, it was concluded that 
non-epitaxial carbon could be confidently distinguished and 
removed by extended polishing with alumina powder followed 
by controlled air oxidation for periods up to two weeks. The 
epitaxial growth was totally resistant to such treatment. 

It was found that the density of the carbonaceous inclusions 
could be substantially reduced by rigorous precleaning of the 
substrate but they were never completely eliminated. They seem 
to be a lower density form of carbon than diamond and they 
consequently grow steadily in size as the deposition proceeds. It 
was thus found that they provide an ultimate limit to the 


Fig. 2 Reflection high-energy electron diffraction (RHEED) 
pattern of an ion-deposited epitaxial layer 
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thickness of crystalline growth which can be achieved in a single 
stage. 

a some experiments a continuous smooth deposit with a 
lower reflectivity and density than diamond was observed in 
place of the epitaxial growth. The nature of these carbonaceous 
layers which may have been associated with the use of a con- 
ventional oil-pumped vacuum system, varied markedly from 
sample to sample. Additionally, a matt black form of carbon was 
sometimes observed at the edge of deposits when masks were 
used to define the boundary of growth. A fuller account of this 
work will be published elsewhere. 

We thank D. Chivers, M. Warman and D. Beanland for help 
with the experiments and R. S. Nelson, J. A. Cairns, J. C. Riviere 
and their colleagues who assisted with the characterisation of the 
deposits. Financial support by the NRDC is gratefully acknow- 
ledged. i 
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The role of hydrogen sulphide 
in environmental transport of mercury 


HYDROGEN SULPHIDE may be evolved in anoxic sulphur- 
containing river or lake sediments’. The effect of the presence of 
sulphide on the availability of inorganic mercury for biological 
methylation has been considered previously. Essentially 
mercury in the form of Hg(0) or Hg) may be converted into 
mercuric sulphide in anoxic sediments’. It might seem that this 
very insoluble material would not, in practice, be available for 
methylation and that sulphide formation would act as a method 
of removing mercury from availability to the general environ- 
ment (that is, it would act as a mercury sink) However in a 
complex natural system (aquarium sediment) it has been shown 
that HgS may, in fact, be methylated in the sediments although 
to produce quantities of methyl mercury substantially less than 
those produced using a more soluble mercury substrate’. 
Therefore, although H3S in a sediment would be expected to 
reduce the rate of mercury methylation considerably by the 
formation of HgS, it would hot be expected to prevent formation 
of methyl mercury entirely. The effect of H2S on methy! mercury 
itself has also been investigated using a purely inorganic model”. 
An aqueous solution of methyi mercuric chloride (1 mg dm~*) 
loses methyl mercury steadily over 3 days after initial exposure 
to HS: A volatile product was evolved into the space above the 
solution. This product was trapped in a sodium carbonate- 
disodium phosphate solution, extracted with toluene and shown 
to co-migrate with methyl mercury on thin layer plates of silica 
gel. It was concluded that the evolved product of the reaction 
i system was a volatile organo-sulphur derivative of mercury that 
' reverted to methyl mercury on extraction. These observations 
suggest that reaction between methyl mercury and H,S 
generated in sediments reduces the amount of methyl mercury 
available for accumulation by fish and shellfish and represents a 
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powerful mechanism adding to the general mobility of mercury 
compounds in the environment. It is therefore important to 
identify the unknown mercury compound evolved from the 
system described above. We have now investigated the inter- 
action of H-S with River Mersey (England) inter-tidal estuary 
sediment samples in order to determine its effect on methyl 
mercury levels in real systems. We have also investigated similar 
reactions in a model system, leading to the identification of the 
previously unknown volatile mercury species responsible for the 
transport of mercury in the work of Rowland et al.’ 

Our experiments with the model system were similar to those 
described previously’, but we used a gas chromatographic tech- 
nique rather than radiochemical labelling to estimate methyl 
mercury losses. Aqueous solutions of CH,HgCl (concentration 
about 1 mg dm™?) were placed in screw top bottles fitted with 
silicone rubber septa. H-S or N, (for control samples) was passed 
through the solutions for 2 min. At intervals solution samples 
were extracted by syringe from each bottle and analysed for 
methyl mercury as follows. 


Residual CH, HgCl in solution(mg dm~?) 





Time (d) 


Fig. 1 Volatilisation of CH;HgCi trom aqueous solution by H3S. 

Initial concentration of solutions was 1 mg dm”. There was an 

immediate rapid decline to 0.85 mg dm” for both solutions owing 

to adsorption on vessel surfaces. This initial decline over the first 

few minutes of the experiment has not been included in the graph. 
Temperature, 18 °C. 


An aliquot of 0.1 cm’ of each solution was placed in a tube and 
N, gas passed over the solution for 30 s to remove excess H-5. 
(CH,HgC! is not affected by this ure.) The sample solu- 
tion was then shaken with 1cm” benzene (GLC grade) and 
0.1 cm? CuSO, solution (10% ) for 2 min. The benzene layer was 
removed and the methyl mercury content determined by elec- 
tron-capture gas chromatography as described previously*. We 
found that methyl mercury was steadily lost from the original 
solution and a typical example from an experiment of this kind is 
shown in Fig: 1. These results are not imcompatible with those of 
Rowland et al.* although our experiments were conducted over 
a rather longer period. - 

As the gas chromatographic technique used was probably 
specific for monomethyl mercury, an attempt was made to 
identify any other species in the solution using 'H NMR spec- 
troscopy. The NMR spectrometer used Geol C60-HL) could 
detect methyl mercury in concentrations of 0.5%. Because of 
solubility difficulties with the chloride we carried out NMR 
experiments using methyl mercuric acetate at a concentration of 
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1% in D,O. NMR spectra of CH,;HgOCOCH; in D-O show 
three principal peaks for methyl mercury, acetate-methyl and 
residual water at 9.0, 8.0 and 4.3 r values respectively. For the 
H-S experiment, 0.25 cm’ of 2% CH,;HgOCOCH; solution in 
D,O was mixed with 0.25 cm’ of saturated H3S solution in D-0 
in an NMR tube (a white precipitate formed immediately). The 
tube was then sealed and a spectrum recorded. The NMR 
spectrum showed peaks only for acetate-methyl and H,O. The 
HS peak did not appear owing to proton exchange with D-0. 
The absence of the methyl mercury peak shows that the forma- 
tion of the white precipitate has reduced the methyl mercury 
concentration in the solution to below that detectable by the 
NMR technique. 

The control (no H-S) and the experimental sealed NMR tubes 
were re-examined several times over a 14-day period. No 
changes in the spectra were seen over this period. The white 
precipitate, however, did change colour slowly from white to 
black 


The initial white compound was prepared, separately, from 
H-S solution and CH;HgOCOCHs. After recrystallisation from 
ethanol, the melting point was found to be 142°C at which 
temperature the compound decomposed to a black solid. A mass 
spectrum was run of the white compound whose highest m/e 
values and characteristic mercury isotope: pattern (see. for 
example ref. 5) and distribution demonstrated it to be 
(CH3Hg)S. The melting point is consistent with the literature 
melting point (143 °C) for (CHsHg)S (ref. 6). 

It seems then that loss of methyl mercury from aqueous 
solution on exposure to H-S is caused initially by formation of 
(CH,Hg)S. The solutions used by Rowland et al. and in our 
GLC experiments were much more dilute than the solutions 
used for NMR, and this might account for a slower appearance 
of (CH,;Hg)S in our GLC work. The subsequent change of 
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white (CH,Hg)S to a black material represents a further reac- 
tion that may account for the actual volatilisation and loss of 
mercury from the. system. . 

An experiment was devised to try to identify the volatile 
product(s) by mass spectrometry. A two-chamber vessel (Fig. 2) 
was constructed such that the aqueous phase reaction between 
CHsHgCl and HS could be carried out with subsequent 
separation of any volatile products. Twenty-five cm’ of aqueous 
CH,HgCI (1 g dm~*) were placed in the lower section and N, 
(control experiment) or H3S was passed through the solution for 
2 min. With H-S a white precipitate formed immediately. After 
3 days in the closed system the upper chamber was evacuated 
and any volatiles present in the lower chamber were allowed to 
pass into this upper section. The apparatus was connected to a 
vacuum line system attached to a mass spectrometer (V.G. 
Micromass 16B). The contents of the upper vessel were trapped 
out using liquid nitrogen in a section of the vacuum system. 
After initial warming excess H,S was pumped away and the trap 
contents were allowed to enter the mass spectrometer. The 
characteristic mass spectrum of dimethyl mercury was observed. 
The compound was identified by the characteristic isotope 
pattern observed for mercury’ surrounding m/e 232, 217 and 


Methyl mercury (ng g~') 





10 20 
Time after collection (d) 
Fig. 3 Analysis of sediment samples (Hale Point, Mersey Estu- 


stored at room temperature 


ary) for methyl mercury. Samples 
(18°C). @, Untreated; O, HS treated samples. 


202 corresponding to (CH;)Hg*, CH,Hg* and Hg*. The 
control sample did not evolve observable amounts of CH,HgCl 
into the vapour phase and hence we conclude that our observed 
CH,Hg* and Hg* peaks were caused by breakdown of 
(CH;)Hg not evolution of CH,HgCL In any case we observe no 
peaks corresponding to m/e 254 and 252 for CH;HgC, nor any 
HgCt" species at 239 and 237. This evidence suggested that only 
(CH;))Hg had been evolved. We could find no evidence for CH, 
or any mercury sulphur species. Compartson with standard mass 
spectra of known samples of (CH;hHg and CH,HgCl reinforced 
these conclusions. We could find no evidence for the presence of 
suitable mass ratio peaks for compounds such as CH,HgSCH, 
and CH,HgSH. The H.S experiment was repeated using a 
1 mg dm~ solution of CH;HgC1 but this was too low a concen- 
tration for detection in our apparatus. 

The reaults of this series of experiments suggest that Rowland 
et al? observed the evolution of volatile (CH,),Hg from the 
reaction between HS and CH,HgCL (CH;Hg)}S was 
apparently formed as an intermediate in the reaction. This 

gradually decomposes to black -HgS and 


R (CH:hHg. This is in accord with the known chemistry of this 
species”. : . 
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Our results for CH;HgCl levels in solution differ in small 
detail from those of Rowland et al. who measured total CH,Hg 
species remaining in solution, whereas our technique measures 
water soluble CH;Hg species remaining in solution. This would 
include CH,HgCl and possibly, to a small extent, (CH;Hg)S. In 
our experiments a precipitate of (CH3Hg)S was observed. 
Rowland et al. do not mention this and it is likely that at the 
higher temperatures they used (37 °C) a precipitate was either 
not present or present only to a very small extent. Our experi- 
ments were carried out at 18°C. 

The rapid early loss of methyl mercury found in our experi- 
ments is probably due to initial rapid formation of some 
(CH;Hg)S to an equilibrium level, followed by a slower decay 
of the sulphide to dimethyl mercury which is lost from solution. 

The question arises as to how much significance these reac- 
tions have for environmental situations. In our experiments on 
the analysis of estuarine sediments for methyl mercury we have 
observed changes in methyl mercury levels over a number of 
days following sampling*. Changes in the redox conditions of the 
sediment following sampling were suspected as a possible cause 
of this effect. In a series of such experiments we passed H2S 
through a container of freshly-sampled sediment; the sediment 
was later sub-divided into a series of bottles. Single bottles were 
analysed for methyl mercury over 28 days and compared with a 
control set which was not exposed to H3S. 

These experiments have demonstrated that diffusion of H2S in 
a sediment significantly reduces the level of methyl mercury in 
that sample relative to a control (Fig. 3.). We have also been able 
to show that dimethyl mercury is evolved into the gaseous phase 
from a mercury-containing sediment which has been treated 
with H-S. A control sediment not exposed to H,S did not evolve 
(CH;):Hg in detectable quantities. For this latter experiment we 
were forced to raise the concentration of methyl mercury to 
100 pgg! by ‘spiking’ with CH,;HgCl. At natural concen- 
trations of methyl mercury, of the order of 15 ng g™’, we could 
not detect (CH;)Hg in control or H-S exposed samples. 

Our results suggest that monomethyl mercury species in 
sediments may be mobilised into the atmosphere as (CH;),Hg if 
HS is generated in the sediments. This points to a natural 
mechanism for the removal of mono-methyl mercury from 
situations where it may be incorporated into fish. In positively 
identifying (CH,),Hg as the volatile species another route in the 
general mercury cycle has been demonstrated. In view of the 
potential generation of further monomethyl mercury species 
from the large ‘reservoir’ of inorganic mercury that accompanies 
monomethyl mercury in sediments’, there is the possibility of 
volatilisation of larger amounts of mercury than the equilibrium 
amounts of methyl mercury present. 

We thank the SRC for support for purchase of GLC equip- 
ment and Leicestershire County Council for a research assis- 
tantship for PDB. We also thank Mrs D. Sutherland, Mr M. I. 
Needham and Dr A. Temple for assistance and useful dis- 
cussions. 
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Reevaluation of the role of 
dimethyl sulphide in the sulphur budget 


THE possible existence of an oceanic source of atmospheric SO, 
has recently been suggested for the fcllowing reasons. First, to 
account for the observed’ SO, backzround concentration of 
0.1X10~g m™ of ar, even very far from any continental 
source and in areas as remote as the Antarctic ocean—despite a 
residence time for SO, in the marine atmosphere of ~ 0.7 d (refs 
2, 3). Second, because another major sòurce such as the ocean is 
necessary to complete the global atmospheric sulphur budget*”’. 
Because of the basic pH of seawater, 50- cannot be emanated 
directly from the oceans. According to Lovelock et al*, the 
dimethyl sulphide (DMS) produced ir the sea by many Irving 
systems, could be evolved in a first step into the atmosphere and 
subsequently oxidised to SO,. These euthors observed a mean 
DMS concentration of the order of 12x 107° gI! in Atlantic 
ocean water. We have developed an improved method for the 
measurement of DMS in seawater and have used this technique 
on several recent oceanographic reseerch cruises. Our results 
suggest that the oceans could contribute over 30% of the 
amount of sulphur required to balance the sulphur budget. 

DMS was first extracted from the seawater using carbon 
tetrachloride, then by 5% aqueous solunon of mercuric chloride 
as a Hg?*-DMS complex which remairs stable for more than 6 
months. In the laboratory, DMS was released by 6M HC, 
redissolved in propan-2-ol at —35 °C and finally measured by 
gas chromatography with a flame photometnc detector. The 
limit of detection is 5x 107"' g of DMS. With the usual yields, 
this figure corresponds to a limit of 3X 107° gI! for a 15-1 
sample of seawater. 

A preliminary list of DMS concentrations for the Atlantic and 
Indian Ocean waters is shown in Table 1. The lowest values 
found agree well with the results of Lovelock et al.*. The highest 
concentrations observed (samples 1, 4 and 12) characterise 
areas with presence of algae (principally of Fucus and Asco- 
phyllum with Polysiphonia Lanosa). Sample 2 was taken in 
water highly polluted by oil, 1 week efter the oil spill of the 
i LTOco Cadiz. 


We determined levels of DMS in the microlayer and the 
concentration distribution with depth in the Mediterranean. To 
the best of our knowledge, this is the first report of such 
measurements. Surface microlayer samples (about ,400 um) 
were obtained by using the Garrett screen’. The DMS concen- 
trations found for these samples are given in Table 2. 

As a general rule, the values observed in the Mediterranean 
are significantly higher than in the Atlartic. The concentrations 


Table 1 Concentration of DMS ın Atlantic and Indian Ocean seawater 


i : Concen- 
Sample : Date of tration 
no. . Location sampling (107 gi?) 
1 ‘Northern coast of Brittany Febnary 1978 38+8 
2 Portsall (Brittany) Marca 1978 194 
3 Roadstead of Brest Marca 1978 7+1 
4 Ré island May -978 2345 
5 Ré island May 1978 1142 
6 Ré island May 1978 15+3 
7 Oleron sland May 1978 1142 
8 QOleron sland May 1978 13+3 
9 Olteron island May 1978 133 
10  Oleron tsland May 1978 245 
11 Guinea Gulf 
(2° 35'S —3° 02’ E) June 1977 1423 
i2 Amsterdam island 
(37° 4T 30° S-77° 32'E) March 1977 3447 
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Tabie 2 Concentration of DMS in Mediterranean seawater 


Sample . 
no. Date Location 
28 June 1977 T3B0E 
13 16 b-18 h 41°20 N 
29 June 1977 T30E 
14 15h-16h 
5 April 1978 .T48' E 
15 14h 30-15 h30 43°17'N 
6 April 1978 T27'E 
16 10h 30 *' 43°38’ N 
7 April 1978 T2430°E 
17 10h 43°36'30" N 
26 April 1978 43°22’ 
18 15h30,. ` - TWE 
l 27 April 1978 43°36'N 
19 10h : T25' E 
28 April 1978 43°22'N 
20 y 13h T°44' EF a 


Concentration (10° g I’) Sea state and 
- temperature of 
Microlayer Subsurface surface water 
1,500 + 300 580+ 116 Calm 
800 + 160 150+30 Calm 
70+ 14 60+ 12 Calm 
: A 13°C 
6012 Rough 
13°C 
i 51+10 Rough 
f 13°C 
173 Rough 
14.70 °C 
(1543 Rough 
14.80 °C 
= HEZ Rough 
13.80 °C 





measured in samples 13 and 14 seem to be anomalously high. 
Possible contamination during the sampling can be ruled out, 
however, because of the strict precautions taken (for instance, 
the water was sampled from a small dinghy 1 km forward of 
the ship). The microlayer is more concentrated in DMS than 
the subsurface water, with ratios of microlayer and subsurface 


Fig 1 DMS depth profile. 
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. levels of between 1.2 and 5.3. Similar ratios (~3) have been 


observed for rear organic carbon and nitrogen in the 
microlayer'* 

. The DMS depth profiles obtained are shown in Fig. 1 together 
with those of temperature, salinity and density of the seawater. 
These profiles show the existence of high DMS concentration 
layers under the sea surface. The maximum DMS concen- 
trations seem to be connected with a sharp variation in the 
gradient of density and therefore to a dynamically stable water 
layer. A similar observation is usual in the case of marine 
particulate matter.’*. —; 

From these preliminary studies, we can draw several 
conclusions. First, a very large range of DMS concentrations is 
observed in the superficial seawater, the figures previously 
obtained by Lovelock® appearing to be a lower limit rather than 
typical of the average oceanic value. Second, the DMS concen- 
tration also varies quite rapidly with depth: factors of 3 have 
been observed, as in Fig. 1, between the surface and the depth of 


. the maximum concentration (10 and 30 m). These maximum 


DMS concentration layers seem to be able to move up, and to. _ 


reach the surface, which could explain the existence of some- 
times very high surface DMS concentrations. Both of these 
observations suggest that the mean oceanic DMS concentration 
should be of the order of 30 x 10° g 1“' instead of 12x 107 g 18? 
indicated by Lovelock*. Third, from the knowledge of the 
oceanic content of DMS, it should be possible to evaluate the 
flux of this sulphur compound to the atmosphere. Liss and 
Slater’* have suggested a method of calculation based on Fick’s 
law of molecular diffusion and a Henry’s law constant of 0.3: 


F=K(Cyo3- C) 


where F is the DMS flux (g cm” h™’), K, the exchange constant 
equal to 19.2cmh™", C, and C, respectively the DMS 
concentration in the air (negligible’*) and in the seawater 
immediately under the molecular diffusion layer, that is here the 
microlayer concentration. 


According to the present work, G >90 107° gI7! which is 3 


times the mean subsurface concentration, since the sampling 
method of the microlayer partially mixes the superficial film with 
the subsurface water. This formula gives for the oceans a flux of 
at least 2.7 10° g yr’ of sulphur. Such a flux could represent 
more than 30% of the amount needed to balance the sulphur 


budget. 
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Derivation of K-rich ultramafic 
magmas from a peridotitic mantle source 


THE genesis of a wide spectrum of basaltic magmas by partial 
melting of a peridotitic upper mantle with small amounts of HO 
as its only volatile component is well established’, as is the role 
of CO; in magma genesis in the upper mantle**. However, the 
origin of K-rich mafic to ultramafic magmas has not been 
satisfactorily explained by mechanisms involving partial melting 
of commonly accepted upper mantle sources. We report here’ 
experiments on an olivine ugandite from Bufumbira, south-west 
Uganda’, in conditions of H10 and H20—CO, mixtures (100, ~ 
0.75) up to 40 kbar, and at an fo, Ni-NiO buffer’. These are 
the first experiments reported on a lava of the ultramafic alkaline 
type with K,0 > Na,O using both H,O and CO, as volatiles and 
showing that K-rich ultramafic magmas can be derived by partial 
melting of a ‘normal’ peridotitic mantle containing both H,O 
and CO ,. Olivine ugandite is believed to be the most primitive 
lava occurring in this K-rich province**’° and may reasonably 
be considered as a model composition for K-rich ultramafic 
magmas generally. 

Magmas with increasing degrees of undersaturation can be 
produced only by progressively decreased amounts of partial 
melting of a peridotitic upper mantle if H20 is the only volatile 
component present’; olivine nephelinites or olivine basanites 
represent the most undersaturated types'’. Experiments up to 
40 kbar on an olivine melilitite’"*'*? indicate that partial melting 
of an upper mantle source containing H20 alone cannot produce 
such a magma, whereas partial melting of an upper mantle 
peridotite containing both H20 and CO, (co, ~ 0.75} provides 
a satisfactory mechanism. Experiments on such magmas using 
both H20 and CO, as volatile components have only involved 
compositions with Na,O#K,0O. A high pressure study” of a 
very K20-rich lava shows that such lavas cannot be produced by 
partial melting of a peridotitic mantle in which H,O is the only 
volatile component. i 
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Figure 1a shows the results of experiments in anhydrous, 5%, 
15% and water-saturated conditions. The absence of ortho- 
pyroxene and garnet and the dominance of olivine and celino- 
pyroxene at, or near, liquidus temperatures precludes the 
possibility of this magma being derived by partial melting of a 
peridotitic mantle source containing only H20. In contrast to 
studies of a composition richer in K,O (ref. 13), phlogopite in 
the olivine ugandite does not occur in near-liquidus conditions 
(Fig. 15), indicating that mechanisms of differentiation involving 
early fractionation of phlogopite” are untenable. 

Figure 1c shows phase relations with xoo, ™ 0.75 representing 
27.5% weight CO, and 3.8% weight H,O (equivalent to the 
15% weight H,O conditions of Fig. 15). In these conditions, 
orthopyroxene, clinopyroxene and spine! are the near-liquidus 
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Fig. 1 P-T projection of olivine ugandite composition. a, Liqui- 
dus relations in anhydrous, 5% H20, 15% H20 and H,0- 
saturated conditions. b, Liquidus and subliquidus relations at 15% 
H,0. c, Liquidus and subliquidus relations with H,O and CO, at 
Xeo,™ 0.75 (mol %) O, Above liquidus; W, olivine; x, chno- 
pyroxene; +, orthopyroxene; @, phlogopite; LI, spinel; ©, garnet 
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phases at 20 kbar and orthopyroxene is the near-liquidus phase 
at 30kbar, closely followed by garnet and clinopyroxene. 
Comparison of these results with those for an olivine melili- 
tite” ™!? indicates that the olivine ugandite could be produced 
by very small amounts of partial melting (<5%) of a peridotitic 
mantle source containing both H,O and CO.. 

Calculations using the microprobe analyses of the minerals 
crystallised in our experiments indicate that it is highly unlikely 
that mechanisms involving fractionation of garnet and/or 
orthopyroxene can develop a K-enrichment trend from parental 
magmas of olivine ugandite compositions. However, cal- 
culations using data on the minerals present in the runs done 
with 15% H20 as the only volatile component (Fig. 1b) show 
that sequential fractionation of olivine, olivine + clinopyroxene, 
and olivine+clinopyroxene+phlogopite between about 
20 kbar and 1,200°C to about 10 kbar and 1,000 °C can pro- 
duce successive liquids with compositions closely corresponding 
to the olivine ugandite—ugandite—olivine leucitite—leucitite 
series of the Bufumbira region®. Such liquids show an enrich- 
ment in K relative to Na (as 100 K/(K +Na)) from 41 in the 
olivine ugandite to 55 in the leucitite, with a concomitant 
decrease in 100 Mg/(Mg+Fe**) from 81 to 46. 
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On the basis of these experiments using olivine ugandite as a 
model parental composition, we propose that such magmas may 
be derived by small amounts of partial melting from a ‘normal’ 
(non K-enriched) peridotitic mantle source containing H,O and 
CO, as essential constituents at =30 kbar and =1,350°C. In 
conditions of crustal warping due to rifting’, this magma may 
rise and its temperature decrease, producing a decrease in the 
solubility of CO, relative to H,O (ref. 15) which suppresses 
crystallisation of garnet and orthopyroxene. At approximately 
20 kbar and 1,200 °C, olivine begins to fractionate, followed by 
olivine + clinopyroxene at lower pressures and temperatures 
(Fig. 15). Residual liquids are depleted in MgO and enriched in 
TiO, Al,Q,, CaO, NaO and K,O. With further decrease in 
pressure and temperature, this residual liquid incorporates 
phlogopite which has previously crystallised from one of the 
liquids derived from the olivine ugandite or, less likely, from the 
olivine ugandite itself. This phlogopite may crystallise at 
«20 kbar (Fig. 1b) and rise by flotation to shallower depths 
equivalent to pressures of 10-20 kbar. With the addition of 
phlogopite and further fractionation of olivine and clinopy- 
roxene, liquids substantially enriched in K,O relative to Na,O 
can be evolved at 10-20 kbar and 21,000 °C. This mechanism 
of K-enrichment for lavas with K,0 > Na,O differs from those 
previously proposed®**'°'* in that the phlogopite is derived 
from the parental magma or its derivatives and is not a xeno- 
crystic phase. 

We thank the NRC of Canada for financial support, Dr A. R. 
Wooley (British Museum, Natural History) for a specimen of 
olivine ugandite and R. L. Barnett, J. Forth and R. Shirran for 
technical assistance. 
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Late Precambrian microfossils from 
Brioverian cherts and limestones 
of Brittany and Normandy, France 


THE discovery of assemblages of unicellular, colonia! and 
multiunit (endosporangium-like) algal microfossils in thin 
sections and in macerations of carbonaceous cherts and dolomi- 
tic limestones from the late Precambrian Brioverian ‘Series’ of 
northwestern France is reported here. These assemblages 
represent new links in the now rapidly expanding known record 
of Precambrian life. They are of interest because of (1) their 
similarity to microbiotas of comparable age reported from 
Canada and Alaska, a similarity suggesting that such assem- 
blages could prove useful for global biostratigraphic correlation 
of late Precambrian strata; (2) their presence in partially 
metamorphosed sediments, an occurrence indicating that Pre- 
cambrian organic-walled microfossils may not be as susceptible 
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to metamorphic alteration as has widely been assumed; (3) one 
of the assemblages is preserved in carbonates, a facies previously 
little studied by Precambrian micropalaeontologists. 

Brioverian rocks are of demonstrably Precambrian age: they 
underlie lavas having a radiometric age of about 550 Myr (ref. 
1); in Normandy, they unconformably underlie sediments 
containing a lower Cambrian fauna, and they are older than 
intrusive granites dated at about 580-620 Myr (ref. 2). The 
sequence is apparently substantially younger than 2,000 Myr, 
the approximate age of the underlying gneissic basement’. 

In Brittany and Normandy, Brioverian rocks can be sub- 
divided into two age-groups: (1) a lower, metamorphosed 
sequence which in its upper portions contains metasediments 
(including black cherts locally known as ‘phtanites’) and which is 
older than 695 Myr, the age of plutonic massifs intrusive into the 
sequence”; (2) a younger, unconformably overlying sequence 
which at its base locally contains volcanic material dated at 
about 640 Myr (ref. 4) and which is comprised largely of 
laminated shales and siltstones containing lenses of sandy 
dolomitic limestone. Three categories of microfossils (types 
I-III, below) were detected in lower Brioverian black cherts 
from the Pont-Mazet Quarry, near Quibou (between Coutances 
and St-L6), Normandy, and from Le Pelikan (near Lamballe), 
Brittany; a fourth category (type IV) has been discovered in 
upper Brioverian dolomitic limestones from Vern-sur-Seiche 
(near Rennes), Brittany (Fig. 1). 


bez, 
ky 
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Fig. 1 Sketch map showing distribution of late Precambrian 

(cross-hatched) and Mesozoic-Cainozoic (stippled) sediments in 

Brittany and Normandy and locations of fossiliferous lower Brio- 

verian black cherts (1, Le Pelikan, near Lamballe; 3, Pont-Mazet 

Quarry, near Quibou) and of upper Brioverian dolomitic lime- 
stones (2, Vern-sur-Seiche, near Rennes). 


Like previously described microfossils from other fine- 
grained, carbonaceous Precambrian cherts™®, those of the lower 
Brioverian cherts have been preserved by siliceous permineral- 
isation in a three-dimensional, structurally little altered condi- 
tion (Fig. 2a—q). Organic matter comprising these fossils ranges 
in colour from light-grey to dark-grey or nearly black; like the 
particulate kerogen that is dispersed throughout these cherts, 
the carbonaceous microfossils were evidently heated, geoche- 
mically altered and ‘coalified’ during metamorphism of the 
sedimentary sequence. Microfossils detected in the upper Brio- 
verian dolomitic limestones (Fig. 2r—v ) are composed of light- to 
dark-brown organic matter, are permineralised in carbonate, 
rather than in silica, and in some cases seem to have been 
physically disrupted during compaction and diagenesis of the 
surrounding carbonate matrix (for example, Fig. 2v). These 
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Fig. 2 Late Precambrian, organically preserved microfossils in 
thin sections (a-c, f, i, j, l, p, r, $, vV) and in macerations (d, e, g, h, k, 
m-o, q, t, u) of lower Brioverian black cherts from Pont-Mazet, 
Normandy (a—o) and from Le Pelikan, Brittany (p, q), and of upper 
Brioverian dolomitic limestones from Vern-sur-Seiche, Brittany 
(r—v). Type I microfossils occur singly (b, d, p, q), in cell-pairs (c) or 
in irregular colonies (a); type II microfossils contain many spore- 
like coccoids (e-m ); type III microfossils contain fewer, somewhat 
larger, spore-like bodies (n, o); type IV microfossils occur singly (t, 
u) or in globular colonies (r, s, v). 


observations, together with studies of the textural relationships 
between these fossils and their encompassing mineral matrices 
and the fact that each of the four types of microfossils occurs 
abundantly (as demonstrated by studies both of acid-resistant 
macerations and of petrographic thin sections), establish that the 
Brioverian unicells and colonies are bona fide Precambrian 
fossils: they are indigenous to sediments of established Pre- 
cambrian age and they were deposited syngenetically with Pre- 
cambrian sedimentation. 

Type I microfossils are spheroidal, thin-walled, unornamen- 
ted unicells 2-15 1m in diameter (mean diameter = 5.6 pm, 
n = 993; Fig. 3a), that occur singly (Fig. 25, d, p), in partially 
divided cell-pairs (Fig. 2c ), or in mucilage-ensheathed, irregular 
colonies composed of a few to hundreds (Fig. 2a) of closely 
packed cells. Such cells comprise about 60% of microfossils 
detected in the lower Brioverian cherts. 

Type II microfossils are spheroidal, noncolonial, multiunit 
cells, 2-12 um in diameter (mean diameter = 4.9 pm, n = 472; 
Fig. 3a), that contain many spore-like, coccoidal bodies. These 
internal, closely packed coccoids, which in well-preserved 
specimens (for example, Fig. 2e, g) form three to four conti- 
guous layers or ‘shells’ concentric about the centre of the 
spheroids, range in diameter from <0.5 to about 2 um. A thin, 
unornamented cell wall can be discerned in those spheroids in 
which the spore-like coccoids only partially fill the enclosing cell 
(Fig. 2h, m), a condition resulting from degradation of the 
internal coccoids or, as evidenced by the common occurrence of 
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solitary, jm-sized, spore-like bodies in the cherts, from the 
release of such coccoids into the surrounding medium before 
preservation. Type II microfossils constitute nearly 40% of all 
forms detected in the lower Brioverian cherts. 

Type III microfossils are noncolonial, multiunit, spheroidal 
cells 7-10 um in diameter, that enclose two or three concentric 
‘shells’ of closely packed, spore-like bodies (Fig. 2, o). These 
bodies range in diameter from <2 to ~4 um; such cells thus 
contain fewer, but appreciably larger, coccoidal bodies than 
those contained in type II microfossils. Type III microfossils 
comprise only a small portion (<1%) of either of the two 
assemblages detected in the Brioverian cherts. Cells of this 
category, and of type II microfossils, are very similar in size to 
the type I microfossils described above (Fig. 3a). Indeed, except 
for the occurrence of coloniality (exhibited only by type I 
microfossils) and of distinctive, internal, spore-like bodies 
(characteristic of types II and III), members of the three cate- 
gories of microfossils are virtually indistinguishable. 

Thus, although additional morphotypes may also be 
represented, the lower Brioverian ‘cherts’ from the Pont-Mazet 
Quarry and Le Pelikan contain at least two morphologically 
distinct types of unicellular fossils: colonies and (at least in part) 
solitary type I microfossils; and type I] +(?) type III + (in part ?) 
solitary type I microfossils. These Brioverian assemblages bear 
only limited resemblance to microfloras previously described 
from late Precambrian cherts of western Europe’, for although 
simple ‘type I-like’ unicells (for example, Paleocryptidium 
cayeuxi) have been detected in Brioverian black cherts at 
Lamballe, Brittany’, and in late Proterozoic cherts of Bohe- 
mia’’, they have not been found in association with the dis- 
tinctive multiunit microfossils described here. In contrast, 
however, the Pont-Mazet and Le Pelikan assemblages seem 
strikingly similar to microfloras recently reported by Moorman 
from late Precambrian sediments of North America'’”’, 
microbiotas regarded by her as being composed solely of growth 
stages of a single taxon, Sphaerocongregus variabilis, a coccoid 
blue-green alga somewhat similar to the modern pleurocap- 
salean Pleurocapsa fuliginosa. According to Moorman’’, soli- 
tary or colonial unicells (as in our type I microfossils) represent 
vegetative growth stages of S. variabilis multiunit cells contain- 
ing many small, spore-like bodies (as in our type II microfossils) 
are reproductive endosporangia, and multiunit cells that contain 
fewer, larger, coccoids (as in our type III microfossils) are 
sporangia containing ‘nannocytes’. Fossils of the Pont-Mazet 
Quarry, le Pelikan and North American assemblages seem 
virtually identical in morphology; thus. although the Brioverian 
material does not permit us to substantiate all phases of the 
“hypothetical growth cycle” proposed by Moorman for S. vari- 
abilis'’ (in particular, we find no evidence of the multiseriate, 
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Fig. 3 a, Size distribution of colonial type I microfossils (- - 

n = 260, measured in thin sections), of solitary type I microfossils 
( , n=733, measured in macerations), and of type I! micro- 
fossils (---—, n = 472, measured in macerations) from lower Brio- 
verian black cherts of Normandy and Brittany. b, Size distribution 
of type IV microfossils from upper Brioverian limestones of Vern- 
sur-Seiche, Brittany; histogram shows sizes of solitary cells 
measured in macerations (n = 386); Aco! (n = 29) and Bcol (n = 
23) show size ranges for cells in two well-preserved colonies, 

measured in thin sections. 
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vegetative, filament-like structures she depicts), these newly 
discovered assemblages support several of her interpretations. 
Specifically, it seems increasingly plausible (1) that the multiunit 
cells may represent reproductive stages, and that the solitary and 
colonial cells may be vegetative stages of a single taxon; (2) that 
this taxon is probably of blue-green algal affinity (although 
its referral to the Pleurocapsales remains in question, as 
endosporulation also occurs among chroococcalean and 
chamaesiphonalean cyanophytes); and (3) that S. variabilis was 
chiefly planktonic, rather than benthonic, in habit (an inter- 
pretation supported in both the North American and French 
material by, among other lines of evidence, the more-or-less 
random distribution of the fossils within the sediments). In 
addition, the Brioverian specimens of Sphaerocongregus, in 
which the cells are preserved as organic residues rather than as 
‘pyritic replacements’, confirm that the multiunit cells are 
authentic microfossils rather than the nonbiological pyrite 
framboids to which they bear superficial resemblance ?™, 

In North America, S. variabilis has been detected in shales of 
the 850-570 Myr-old Hector Formation of the Windermere 
Supergroup of southwestern Alberta, Canada’, and in carbo- 
naceous shales and mudstones of approximately the same age 
from the Tindir Group of east-central Alaska, USA. Multiunit 
microfossils similar to the types II and III microfossils described 
here have also been reported from sediments of the Soviet 
Union (small-celled species of Symplassosphaeridium 
Timofeev = Microconcentrica Naumova) in which they repor- 
tedly range in age from the mid-part of the Middle Riphean 
(about 1,100 Myr in age) into the Late Cambrian’’. Based on 
these known distributions, and in view of stratigraphical and 
geochronological data available for the Brioverian sequence, it 
seems reasonable to suggest that the fossiliferous lower Brio- 
verian phtanites at Pont-Mazet and Le Pelikan are probably 
Middle to Late Riphean (1,100-695 Myr) in age. 

Type IV microfossils (Fig. 2r~o), detected in upper Brioverian 
(Vendian age) sandy dolomitic limestones from Vern-sur- 
Seiche (Fig. 1), are spheroidal, relatively thick-walled 
(Fig. 2r,t), unornamented unicells, 1->20 ym in diameter 
(mean diameter = 5.9 pm, n =386; Fig. 35), occurring singly 
(Fig. 24, u) or in globular colonies composed of a few to many 
cells (Fig. 2r, s, v). Colonies range from <30 to >70 um in 
diameter and have a measured abundance of about 50 colonies 
per cm’ of rock; they most commonly occur within (and tend to 
be orientated parallel to) fine, organic, bedding-plane lamina- 
tions, a distribution suggesting that they were predominantly 
benthonic in habit. In size, shape and colonial organisation, type 
TV fossils bear considerable resemblance to modern, coccoid 
(for example, chroococcalean) blue-green algae, and the broad 
size range exhibited by the total assemblage, in comparison with 
the rather uniform size of member of single colonies (Fig. 2r, s; 
Fig. 3b), indicates that several cyanophytic taxa are probably 
represented. Fossils of this size and organisation have been 
reported from many Precambrian deposits’; the Vern-sur-Sei- 
che assemblage, however, is unusual in that only one’® other of 
the nearly four dozen permineralised microbiotas now known 
from the Precambrian** has been discovered in carbonates, the 
remaining permineralised assemblages occurring exclusively in 
bedded cherts or in cherty portions of algal stromatolites. 

In addition to representing new links in the now rapidly 
expanding knowledge of Precambrian life, the three microfossil 
assemblages described here are of interest for the following 
reasons: (1) two of these assemblages, those occurring in the 
lower Brioverian phtanites, are similar in composition to 
microfloras of apparently comparable age in North America; 
taken with other data’, these similarities suggest that such 
assemblages may ultimately provide a reliable basis for global 
biostratigraphic correlation of, Precambrian strata. (2) The 
occurrence of structurally preserved microorganisms in partially 
metamorphosed Brioverian cherts seems to indicate that Pre- 
cambrian organic-walled microfossils may not be as susceptible 
to metamorphic alteration as has widely been assumed; there is 
thus good reason for continued palaeobiological and biostra- 
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tigraphical studies of such facies, especially im western France 
where many cherts of similar metamorphic grade but of 
uncertain geological age occur. (3) .The occurrence of 
permineralised, well-preserved microfossils in upper Brioverian 
limestones suggests that in addition to shales and cherty facies, 
carbonates represent a productive, but as yet largely untapped, 
source of new evidence regarding the diversity, evolution and 
biostratigraphical usefulness of the Precambrian biota. 

Samples were collected by J.J.C.; laboratory work at UCLA 
was supported by grants from the NSF (DEB 77-03888 and 
DEB 77-22518), from NASA (NGR 05-007-407) and from the 
University of Rennes. 
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Influence of a predator on the optimal 
foraging behaviour of 
sticklebacks (Gasterosteus aculeatus L.) 


ACCORDING to the principle of natural selection, each indivi- 
dual animal is assumed to maximise its inclusive fitness’. Thus, 
observed behaviour patterns should result from optimisation 
processes involving costs and benefits measured in a currency of 
fitness*”. Certain foraging strategies have been shown to 
maximise energy intake per unit time**. Maximisation of the 
rate of energy intake, however, is an optimal strategy only if 
feeding behaviour does not conflict with other needs, such as the 
detection of predators. If the foraging animal runs a high risk of 
being preyed upon, the optimal strategy may be a compromise of 
both needs. A predator’s influence on optimal forage has been 
dealt with, so far, only in a hypothetical manner*~. We have 
investigated this problem experimentally -using three- spined 
sticklebacks (Gasterosteus aculeatus) attacking a swarm of water 
fleas (Daphnia magna). We report here that after exposure to a 
model of an avian predator the sticklebacks’ foraging behaviour 
changes such that they attack swarm regions of lower density 
which provide a lower feeding rate but should increase their 
ability to detect an approaching predator. This is predicted by a 
model using Pontryagin’s principle of maximisation. 
Sticklebacks first attacked swarm regions of high prey density, 
but with decreasing attack readiness (for example, induced by 
decreasing hunger) showed a preference for less dense regions, 
directing their last attacks at stragglers’. A high swarm density 
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enables the predator to achieve a high feeding rate because of 
short inter-prey distances. However, at high prey densities the 
predator has increased difficulty in aiming at individual prey 
targets®° (‘confusion effect’). Thus it seems likely that feeding in 
high swarm densities reduces the stickleback’s ability to pay 
attention to other visual stimuli, for example, an approaching 
predator. 

We have developed a model representing the situation of a 
stickleback confronted with a swarm of water fleas. At any time f 
its costs in terms of fitness units, result from its hunger state s(t) 
and confusion while feeding at a capture rate c(t) in a density 
d(t). The dependence of fitness on hunger state is assumed to be 
as’(t), due to an increased risk of starvation’, the costs resulting 
from confusion are assumed to be Bd(r)c*(t), due to a higher 
vulnerability in the face of predators (greek symbols are used as 
constants of proportionality to enable adjustment of considered 
influences). These costs will rise with increasing feeding rate 
and/or density (our unpublished results). During a given time 
interval (0, T) the stickleback should minimise its total costs”. In 
other words it will minimise the integral value 


| | as*(t)+ Bd(t)c*(t) dt (1) 


Because the decrease in hunger is proportional to the capture 
rate we have 


ds 
a — ye{t) (2) 


Capture rate c(t) and density d(t) cannot vary independently, 
because a high capture rate is impossible at a low prey density. 
On the other hand c(r) is limited by the minimum time taken to 
swallow an item of prey; that is 


E 


(a) õc(t)sd(t) and (b) OF c(t)= Cmax (3) 


Therefore the stickleback is able to vary d(1) and c(t) freely in an 
area under a linear curve reaching a plateau. The predictions 
deduced from the model will remain true if a dependency similar 
to Holling’s disk equation is assumed. In order to choose the 
combination of d(t) and c(t) with lowest costs, equality will hold 
in equation (3a). According to Pontryagin’s maximum principle, 
(1) can be minimised by maximising the hamiltonian'® 


H(c, 1) = —[as*(t)+ Bdc*(1) + ye(t)p() (4) 
with unknown adjoint variable p(t). This gives 

3 BSC max 

Cas plu) < -Eme 
y 
7 
c()=) ’ Lae otherwise; 

0 p(t)>0 (5) 


d(t)= dc(t) always. 
By solving the system of first order differential equations: 


ds dp 
eats ane p + aa = 2 S 
ry yc(t) r as(t) (6) 


the optimal courses of s(t), and therefore c(t) and d(t), can be 
calculated. This model leads to the following predictions. First, 
the stickleback has to start in a high density with a high feeding 
rate; with decreasing hunger, a lower feeding rate should be 
achieved with less confusion at a lower prey density (our unpub- 
lished results and Fig. 1). Second, if the stickleback’s costs of 
confusion are raised because of a predator presence, a lower 
capture rate within a lower density will be optimal at the start 
(Fig. |). Higher capture rates for some time provide a lower 
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Fig. 1 Optimal courses of capture rates and densities in time 
(arbitrary units) for different risks of predation. For clarity the 
same set of curves indicates both the appropriate capture rates, 
when read with the left scale, and simultaneously the densities, 
when read with the scale on the right. The more elevated the risk of 
predation the lower should be the stickleback’s initial capture rate 
and its aimed density. =- —, low risk; ee eee -— . medium risk, 
— =, high risk. 


hunger state after this time. Thus sticklebacks initially feeding 
faster, will have lower capture rates in lower densities after- 
wards. 

Thus in the presence of a predator a hungry stickleback which 
would normally attack the most dense region of a swarm with a 
high feeding rate, has to divide its attention between prey and 
predator and would be expected especially at the start to slow its 
feeding rate and to attack a region inducing less confusion, that 
is, a swarm region of a lower density. These qualitative predic- 
tions have been tested by the following experiments. 

A tank (25.5 12.517 ¢em) was divided into halves by a 
partition which included a sliding door. In front of the back wall 
of one half of the tank there was a transparent plexiglass cell 
containing the prey, 9cm from the sliding door. This cell was 
divided into seven adjacent compartments, cach with a base of 
1X I cm. These contained 0, 2, 0, 40, 20, 2, and 0 water fleas of 
approximately equal size (water level 1.5 cm). To simulate the 
presence of a stickleback’ predator a black silhouette of a 
European kingfisher (Alcedo atthis, 16 cm beak to tail length) 
suspended on two nylon threads was made to glide over the 
other half of the tank (start compartment) at a mean distance of 
41 cm and at an angle of 50° subtended horizontally. To ensure 
that the bird stood out from the ‘sky’ there was a large white 
canvas sheet 2 m above the tank illuminated from above by a 
500 W bulb. Two alternating experiments (with and without 
predator) were conducted. 

Before each trial three water fleas and then a stickleback 
which had last fed on the previous day were transferred to the 
start compartment. In the first experiment after the Daphnia 
had been eaten the silhouette was made to glide over the tank 
and then the sliding door was opened. In the second experiment 
the bird was not shown. The initial meal of three Daphnia 
ensured that the stickleback reacted to the cell. All fish passed 
through the door within five minutes and began biting at the 
prey-containing cell. Attacks on the prey cell were recorded 
until there was no bite for at least one min. Each fish was used 
only once. Mean fish length did not differ significantly between 
experiments. 

The sticklebacks in the presence of the predator (disturbed) 
hesitated longer between door and first bite (median 10.2 s; 
quart. 7.1 and 18.8) than those in its absence (undisturbed) 
(median 6.7s; quart. 5.2 and 7.7; P<0.01, Mann-Whitney 
U-test, 2-tailed). The undisturbed fish initially attacked the 
most dense region whereas the disturbed  sticklebacks 
preferentially the least dense region, that is the stragglers (Fig. 
2). In subsequent attacks the disturbed fish continued 
to prefer the two least dense regions and the stragglers in 


R< 0.001 


First bite 
= 


First 10 bites per fish — 


All bites per fish 





Density region 


Fig.2 Attacks ın relation to swarm density in the presence (black 

columns) and absence of the predator model (white columns). Parts 

of columns below bar represent the first half of total number of 

attacks, n= 60; P after Mann-Whitney U-test, 2-tailed; Pp after - 
Freeman—Halton test. 


particular. With decreasing attack readiness the undisturbed 
sticklebacks changed their initial preference for dense regions to 
a preference for the least dense regions (Fig. 2). During the first 
ten bites, each region was attacked nearly equally often, during 
the first half of the total reaction, there was a slight preference 
for the less dense regions, while the stragglers were strongly 
preferred in the second half. Overall, the disturbed fish bit less 
often (26.0+ 16.8) than the undisturbed ones (49.74 23.1, P< 
0.0001, Mann-Whitney U-test, 2-tailed). 

The presence of any predator, for example the kingfisher, 


should distract the fish’s attention when detected. Indeed - 


sticklebacks showed a marked fright response to a dark object 
about the size of a bird moving above them’*”. It seems 
improbable that the change in the sticklebacks’ preference is an 
epiphenomenon of a more general adaptation to shock, because 
electric shock increases the sticklebacks’ feeding intensity”, 
whereas our disturbed fish decrease their feeding intensity. Also 
in starlings, surveillance diminished their feeding activity’. 
There is good reason to believe that a decrease in motivation to 
bite against the prey cell acts in a similar way on chosen densities 
and capture rates as a decrease in hunger (our unpublished 
results). Thus, as proposed by the model, the changed foraging 
behaviour is an optimal strategy supplying both needs, namely 
to pay attention to a predator and with the remaining attention 
to m mise eneray itake Dy attackingia ee contiens xem 
density. 
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Effect of reduced litter size on the 
suckling behaviour of developing rats 


DURING the past 20 years considerable attention has been 
drawn to the effects of altered litter size on the growth and 
development of various mammals. Studies with rodents have 
shown that increasing litter size permanently reduces body 
growth by attenuating the rate of cell division and the final 
number of cells per organ’*. Conversely, reduction of litter size 
enhances growth and development’**. Altering litter size has 
also been shown to effect adult behaviour; by elevating emo- 
tional reactivity?”’, and reducing learning ability’? in pups 
raised in large litters, and by reducing emotionality in pups 
raised in small litters*°”’7. It is not known, however, how quickly 
behavioural differences may result from alterations in litter size. 


Moreover, it is unclear whether such behavioural effects are a 


consequence of nutritional changes or of alterations in the pups’ 
developmental experiences. For example, behavioural 
differences may be due to alterations in maternal behaviour, as 
rats nursing small litters spend more time in the nest with these 
pups, and more time handling and manipulating them’*’*. 
Additionally, varying litter size probably alters within litter 
competition for the nipples, and this may effect behavioural 
development as well. Utilising recently pba ees techniques 

* we attempted 
to discover whether altering litter size directly affects the 
behaviour of pre-weanling rats. We now report that reducing 
litter size has the surprising effect of reducing both the willing- 
ness of pups to suckle and the vigour of their search behaviour 
on the mother. Moreover, these effects seem more directty 
linked to alterations in the litter experience than to nutritional 
differences. 

Sprague-Dawley rats were mated and bred in our own colony. 
Each experimental comparison was made between two litters of 
pups born within 3 h of each other. In half the replications the 
pups were randomised between the mothers and culled to 
produce a normal size litter (¥ = 12, range 8-16) and a small 
litter of three pups. In the other replications the same litter sizes 
were used but each pup remained with its natural mother. 
Culling took place on the day of birth, which was considered day 
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0. Altogether 36 pups raised in litters of three, and 144 pups 
raised in 12 natural size litters were studied. Half of the litters 
were tested on day 5, and the remainder on day 10. 

Five hours before the start of testing half the pups from the 
large litter and randomly either 1 or 2 pups from the small litter 
were removed and placed in an incubator. These pups consti- 
tuted the deprived groups. Following deprivation each mother 
was anaesthetised (Chloropent, 2ml per kg body weight, 
intrapentoneally, Fort Dodge Laboratories) and laid supine in a 
clear plexiglas trough. Both depnved and nondeprived pups 
were placed individually next to the mother and tested for nipple 
attachment'”’’*. Numbers of pups attaching and latency scores 
were recorded. Each pup was tested for 5 min. Pups were tested 
both on their own mother and the paired complementary 
mother. 

In addition to this suckling test, a second procedure was 
used’*. In this test each pup was independently held and gently 
positioned so that its snout came into direct contact with a 
presuckled nipple. Attachment latencies were recorded, and a 1 
min ceiling was used. Previous research has shown that these are 
both sensitive tests for the appetitive components of suckling, 
though the former test (pups on mother) requires that the pups 
locate the nipples while the latter (pups on nipple) does not". 

Maternally-directed activity was measured using a digital 
readout vibrational activity monitor’? modified to record 
activity only when the pup was in the immediate vicinity (3 cm) 
of the mother. Each pup was placed on the sensitive surface with 
its snout in direct contact with its anaesthetised mother. Activity 
was recorded for 15 s, which was sufficient time for an accurate 
measurement of maternally-directed exploration, but was too 
brief to permit the pups to attach to a nipple. 

By 10 days of age serious deficits in suckling behaviour were 
noted in pups raised in small litters (see Fig. 1). Per cent 
attachment fell from 100% to 50% (deprived) and from 92% to 
0% (nondeprived) on the pups on mother test (z = 4.49, P< 
0.001; z=5.42, P<0.001. Test for the significance of the 
difference between two proportions”). Testing the pups from 
the small litters on the mother raising the larger litters had 
absolutely no restorative effects on suckling. This indicates that 
the deficit is primary to the pups and is not simply due to some 
inadequacy of their mother as a target stimulus. Furthermore, 
the deficits were fully apparent when the pups were placed in 
contact with highly salient nipples; falling from 100% to 30% 
(deprived n = 10), and from 94% to 25% (nondeprived n = 8) 
respectively (z = 5.43, P<0.001; z= 4.61, P<0.001). 

These deficits in nipple attachment were in part mirrored in 
the activity scores. Normally pups of these ages show an 
immediate response to anaesthetised mothers, and begin 
searching the mother’s ventrum for nipples. Raising pups in 
small litters attenuated this behaviour (F(1,40)= 11.03, P< 
0.005; main effect of litter size), though the effect was age 
dependent, showing up only at day 10 (F(1,40)=6.56, P< 
0.025; interaction of age x litter size, day 5: t(22)= 0.39, not 
significant, day 10: #(22)=5.80, P<0.001), and more 
specifically within the normally very vigorous deprived 
group (F'(1,40)= 4.24, P<0.05 interaction of age x litter size x 
depnvation; day 10 deprived: r(10) = 13.73, P<0.001, day 10 
nondeprived: ¢(10)™=2.11, P<0.10). This observation 
highlights the fact that the failure of deprived 10-day-old pups to 
locate and suckle in these test protocols was not just due to an 
inability to find the nipple (as happens to normal pups on washed 
mothers") but stems from a general failure to initiate any sort of 
active search process. i 

The suckling behaviour of 5-day-old pups however, was less 
markedly affected by alterations in litter size. Both deprived and 
nondeprived pups raised in litters of three attached in fewer 
numbers than normally reared pups when they were required to 
forage for the nipples of the mothers with which they were 
reared (depnved: z =2.69, P<0.01; nondeprived: z = 2.28, 
P<0.025). Nondeprived pups also attached in fewer numbers 
when held in contact with these nipples (z = 3.58, -P < 0.001), 


although deprived pups attached as readily as controls. Overall, 
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these deficits in suckling behaviour were less pronounced than 
those seen on day 10. Moreover, these early deficits were 
partially ameliorated by testing the pups raised in small litters on 
mothers raising larger litters, and m most instances significant 
litter size effects were no longer seen (pups on mother: deprived, 
z = 1.21, not significant; nondeprived z = 1.49, not significant; 
pups on nipple: nondeprived, z = 2.07, P<0.05). In short, the 
suckling behaviour of 5-day-old pups raised in litters of three is 
slightly abnormal and exacerbated by the apparently poor 
mammary development of mothers raising these small litters. 

We have demonstrated that raising pups in litters of three 
markedly affects their pre-weaning suckling behaviour. This 
finding is of particular importance because we are able to detect 
the litter size effect at such an early age. However, it raises the 
interesting question of what factors, nutritive or experiential, 
create these differences in behaviour. Are the deficiencies in 
nipple attachment of 10-day-old pups raised in small litters due 
directly to their elevated body weights (29.5% greater than 
controls) or to certain experiential diderences such as reduced 
competition in the smaller litter? Fortunately, the general facili- 
tory effect of reduced litter size on body weight and growth was 
not absolute, but was relative to the body weight of the mother. 
Thus pups raised in a litter of three with a small mother 
frequently weighed no more than sibl-ngs raised in a litter of 12 
with a much heavier mother. This allowed us to separate 
experiential effects from nutritive effects. In doing so it became 
clear that litter size per se and not body weight was the crucial 
factor. Pups reared m litters of three with light mothers (who 
obtain only normal weight levels) c.early manifest the same 
deficits in nipple attachment as much heavier pups reared in 


Fig. 1 Effects of reduced litter sıze on suckling (pups on mother 
and pups on nipple test) and maternalle-directed actvity. Litters 
were culled and pups cross-fostered on the day of birth to produce 
both natural (= 12 pups) and small -3-pup) litters. Pups were 
tested at either 5 or 10 days of age. Open columns, litters of 12 
tested on mother raising litters of 12; crcss-hatched columns, litters 
of 3 tested on mothers raising litters of 12; solid columns, litters of 3 
tested on mothers raising htters of 3. 


Pups on mother test 





Pups on nipp.e teat 
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litters of three with large mothers. The correlations between 
litter size and ‘attachment latency for both test protocols were 
oe even when body weight was excluded from the analy- 

(r = —0.935 and —0.732 pups on mother and pups'on 
nipple test respectively, all P-values <0.001). On the other 
hand, the correlations between body weight and attachment 
latencies were insignificant when litter size was excluded (r= 
—0.234 and 0.114 respectively, all P values not significant). This 
result strongly suggests that the litter size manipulation was not 
affecting suckling simply through its modulation of food 
availability and body weight. Rather, some experiential aspect 
‘of the situation seems to be influencing the pups behaviour. One 
possibility is that the reduced level of ‘competition in the small 
litters was not adequate to maintain performance on these 
suckling tasks, while an alternative possibility is that pups from 
small litters are accustomed to, and require, a great degree of 
maternal stimulation before suckling and fail to suckle anaes- 
thetised mothers who do not provide this stimulation. 

Overall, it is apparent that raising pups in litters of three 
attenuates both the appetitive ‘component of suckling, and the 
vigour with which these pups search their anaesthetised 
mothers. These differences were small at day 5 and to a large 
extent reflected differences between the mothers, more than 
differences between the pups. By day 10 however, deficits in 
suckling behaviour were marked, and were primary to the pups. 
Finally, although rats raised in small litters usually weigh more 
than siblings raised in larger litters, this increase in body weight 
was not a necessary condition for the disruption in suckling 
behaviour. It may seem paradoxical for 10-day-old pups from 
small litters to weigh more than siblings raised in large litters 
given their apparent hypomotivational state. However, it must 
be pointed out that the mother’s lactational capacity is clearly 
the rate limiting factor for weight gain in pre-visual pups Taised 
in large litters****. Thus, although these pups may be more 
vigorous in their suckling behaviour, their body weights are in 
fact limited by restricted food availability. 

This study demonstrates that early experience may have 
significant effects on the ontogeny of ingestive behaviour. What 
precisely these expenences are, and whether their effects extend 
beyond the suckling pernod, remains to be determined. 
However, this study clearly indicates that ‘nutritional’ studies 
relying on litter size manipulations may be producing effects 
which are not in fact due primarily to changes in nutrition. 
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Thermal acclimation 
in temperate lizards 


THERMAL acclimation has been studied most intensively in 
aquatic ectotherms’ in which body temperature closely approx- 
imates water temperature, which changes slowly with season. As 


aquatic ectotherms must therefore be active over a range of 


slowly changing body temperatures, acclimation usually 
functions as a homeostatic mechanism; following a temperature 
change in the environment, the organism’s metabolic rate is 
adjusted so that it is returned to near its original level’. Some 
terrestrial animals, particularly reptiles which thermoregulate 
behaviourally, are subject to considerable daily fluctuations in 
body temperature’. This difference in the thermal ecology of 
aquatic ectotherms and terrestrial reptiles, which may cause a 
difference in the acclimatory responses of the two groups, has 
not been considered in the work on thermal acclimation in 
reptiles**. Consequently, this work is of little use in predicting 
the acclimatory responses of reptiles to seasonal temperature 
changes in the field. We present here evidence that lizards 
allowed to thermoregulate behaviourally acclimate only at low 
body temperatures and that the common pattern of acclimation 
differs from that of aquatic organisms in being determined by 
requirements of low temperature energy conservation rather 
than metabolic homeostasis. 

Males of four lizard species were used, two from a warm 
temperature climate (Podarcis hispanica and Prammodromus 
hispanicus) and two from a cool temperate climate (Lacerta 
vivipara and Anguis fragilis). The experimental design was 
similar for all species. Lizards were housed in vivaria in a 
constant temperature room with the temperature adjusted to 
the mean night time temperature of the season under study. 
Heat lamps in the vivaria were turned on daily for a period 
corresponding to the mean photoperiod of the season (Table 1). 
When allowed access to these lamps, the lizards maintained a 
relatively constant body temperature which was considerably 
higher than, and independent of, shade air temperature. At 
night, with the heat lamps off, the lizards’ temperatures fell 
quickly to ambient. Thus, under these experimental conditions, 
the lizards were subjected to a fluctuating daily temperature 


Table 1 Photoperiod and night time temperature regimes used in the 
seasonal acclimation study 


Climatic type 

Warm temperate Coo] temperate” 
Night tme ttime Photoperiod 
temperature ({light:dark) temperature (light: dark) 

CC) (h) CC) -(h) 
Spring 10 13:11 5 13.75 :10.25 

Summer 20 14:10 15 15.50°8 50 

Autumn 15 11:13 10 10.75: 13.25 

Winter 5 10:14 -— ==- 





* Cool temperate lizards were studied only in spring, summer and 
autumn because they are in hibernation, and therefore not exposed to a 
fluctuating temperature regime, in winter. 
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regime similar to that experienced under natural conditions. All 
animals were maintained in this way for at least a month before 
measurements of metabolic rate were made. Metabolic rate was 
measured as the rate of oxygen consumption of lizards in smal! 
constant pressure respirometers immersed in a constant 
temperature water bath. All measurements were made on 
quiescent, post-absorptive animals and therefore approximate 
to standard metabolic rate. Oxygen consumption rates were 
measured at 5 degree intervals from 5 °C (the lowest tempera- 
ture experienced by any animal under the experimental regime) 
to 30 or 35 °C (the upper body temperatures attained when the 
heat lamps were on’). 

For each species, seasonal acclimation had little or no effect 
on rates of oxygen consumption at the higher temperatures, 
although significant differences between seasonal groups occur 
at the lower temperatures for all species (Fig. 1). In other words, 
differences in metabolic rate do not generally occur when oxy- 
gen consumption is measured at temperatures experienced by 
all groups every day; it is only at temperatures experienced by 
some seasonal groups but not by others (the lower temperatures) 
that differences in metabolic rate occur. These seasonal 
differences in low temperature metabolic rate can be interpreted 
as mechanisms for energy conservation. In Podarcis hispanica 


Fig. 1 Rates of oxygen consumption at different temperatures for 
the different seasonal acclimation groups for males of the four 
lizard species a, Podarcis hispanica; b, Psammodromus hispanicus ; 
c, Lacerta vivipara; d, Anguis fragilis. O, Mean rates of oxygen 
consumption for spring acclimation groupe; x, mean rates of 


oxygen 
Tse verica lines above and below oach medn Kre 05% coundan= 
limits of that mean. At each temperature, means not underscored 
by a common line or a Hne at the same level are significantly 
different from each other (analysed by one-factor analysis of 
variance and Duncan’s 5% new multiple range test). 
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and Psammodromus hispanicus (Fig. la, b) low temperature 
metabolic rates are lowest in winter ard spring. In the region 
where these lizards originate, it is at thece seasons that there are 
the longest periods of adverse weather when the lizards cannot 
come out to bask and feed. In Lacersa vivipara and Anguis 
fragilis (Fig. 1c, d) low temperature respiration is less in autumn 
than in spring or summer; this is porsibly a mechanism for 
reducing low temperature energy expenditure in cool temperate 
animals entering or about to enter hibernation. 

As many reptiles utilise solar radiation to maintain high, 
relatively constant body temperatures®”, it is not surprising that 
little or no thermal acclimation occurs at high temperatures 
because such body temperatures can be attained each day that 
the sun shines. To the animal, the main thermal difference 
between the seasons is the temperature to which its body drops 
at night, and it is at these low temperatures that seasonal 
differences in metabolic rate (acclimation) occur. The animal is 
incapable of feeding at these low bod" temperatures and it is 
therefore energetically efficient to eTect some measure of 
energy conservation when the animal has to spend long periods 
at low temperatures. Thus the common dattern of acclimation in 
temperate reptiles is determined by considerations of low 
temperature energy conservation. Some other terrestrial ecto- 
therms also thermoregulate behaviourelly’*"? and it is possible 
that this pattern of acclimation is widespread in terrestrial 
animals. 

This work was supported by a grant from the SRC. 
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Feeding, blood glucose and 
plasma insulin of mice at dusk 


MOST omnivorous species exhibit a Grcadian rhythm of food 
intake. During one part of the day food is consumed at a rate in 
excess of immediate metabolic needs, and the surplus is stored to 
support metabolism for the remainder Le Magnen and Devos’, 
for example, have shown a predominence of lipogenesis in the 
night-time feeding period of the rat, and pronounced lipolysis 
during the day, when little food is consumed. A variety of 
metabolic adaptations exists to match this discontinuous pattern 
of food intake with relatively constant metabolic use of 
nutrient’, but the question remains wkether the hyperphagia at 
one time of day produces these changss or 18 a consequence of 
them. Le Magnen suggests the latter’, at least in the case of 
increased night-time meal frequency, andi in models of feeding, 
such as that of Toates and Booth‘, an increased rate of metabolic 
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clearance of food at night is a considerable factor in promoting 
increased food intake. On the other hand, eating at a high rate 
clearly will promote metabolic changes, as bunching of the 
norma! daily i intake into a very short period will lead to increased 
weight gain”. A compromise possibility is that a greatly 
increased rate of feeding at dusk rapidly promotes metabolic 
changes subsequently favouring a high rate of feeding in the 
ways suggested by previous authors. The results reported here 
suggest that such a mechanism may operate in the feeding of 
mice, in that a great increase in feeding rate around the onset of 
darkness produces changes in carbohydrate metabolism which 
may both favour storage of energy and tend to increase 
subsequent food intake. 

All experiments used individually caged female C57 mice, 
~100 d old at the start of the experiments, and kept for their 
entire lives in a t ture-controlled room (23+ 1 °C), on a 
constant 12-h light, 12-h dark cycle (lights off 13.00). Unless 
stated otherwise, standard laboratory food (Spratts rodent 
breeding diet) and water were available ad libitum. Food intake 
was measured where necessary by regularly weighing feeder 
inserts in the cages“. Blood samples were withdrawn from a tail 
vein within 2 min of removal from home cage (this technique 
yields assay results indistinguishable from blood obtained by 
immediate decapitation). Glucose was assayed in duplicate 100- 


Fig. 1 Effects of food restriction on blood glucose (a) and insulm 

levels (b) at dusk In the control group (circles), blood glucose falls 

and blood insulin rises significantly at dusk (P<0.01 in each case, 

t-test with 14 d.f.). There s no significant in either vanable 

(squares on each graph) if food intake ts restncted (P> 0.1 in each 
case, t-test with 14 df.) 


I hK— 


N- 


110 


Blood glucose (mg per 100ml) 
s 


100 





Plasma insulin (Um?!) 
D 


i / 


EEEE —— tt 





a -1 Duk +1 42 #43 +4 


Time of day (h) 


Nature Vol. 275 19 October 1978 


110 


5 
OS NNE O 
Le 
a 
Pa 
D 





sons 
= 


Blood glucose (mg per 100ml) 
B B 
n O O | 
/ 
| 
D 
Plasma insulin (HU ml-') 





1 0 ' 20 
| a a ene 
o 15 30 45 60 


Tume after last meal (muin) 


Fig. 2 Effects of combinations of meals on blood glucose and 
insulin levels. Each graph shows blood glucose (circles) and insulin 
(squares) levels at 15-mm intervals after one (a), two (b) or three 
(c) meals taken at regular intervals around dusk. Each glucose 
point is the mean of 12 observations and each insulin the mean of 8. 
Glucose levels rise significantly only after one meal (P<0.01, 
t-test 22 d.f.), and fall significantly after the third (P<0.01, t-test 
= d.f.). Blood insulin levels rise significantly after all combinations 

of meals, although the magnitude of the mse clearly varies (P< 

0.01, t-test with 14 d.f. in each case). 


pl samples of whole blood, using a standard glucose oxidase 
technique (Glucostat, Worthington). Insulin was measured by 
radioimmunoassay, again using a standard kit (Radiochemical 
Amersham), on duplicate 100-1 samples of plasma. A human 
insulin standard was used, but as all conclusions are drawn from 
comparisons of insulin levels in different groups of animals, any 
slight systematic error thereby introduced will not affect their 
validity. In any one experiment each animal was bled only once, 
and at least 3 weeks passed between successive bleedings of the 
same individual, none of which were bled more than three times. 

In the first study, the hourly rate of food intake of mice was 
measured for a few hours before and after dusk, and blood 
samples were removed at regular intervals for assay. Second, a 
group of mice were fed normally untl 1h before dusk, and 
thereafter restricted to their afternoon rate of feeding. Blood 
glucose and insulin levels sampled at regular intervals were 
compared with a control group allowed ad libitum access to 
food. 

Mice normally eat in meals®*’, and in the final experiment the 
normal dusk pattern of meal taking wes mimicked to examine its 
metabolic consequence. Mice were allowed ad libitum food and 


‘water until 2h before dusk, after which food was removed. 
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Starting 90 min later, groups of animals were given one, two or 
three ‘meals’ by allowing 10-min periods of access to food, 
separated by 20 min. Animals were observed to eat about the 
same amount in each period, and the 5% of animals who failed 
to eat in any or all of the periods were discarded. Blood samples 
were taken from groups of animals at | 5-min intervals after their 
last meal. 

There is a fivefold increase in the hourly rate of feeding at 
dusk. (P < 0.001 t-test with 31 d.f.), and this is closely associated 
with a fall in blood glucose (P< 0.01 t-test with 34 d.f.) and a 
rise in blood insulin (P< 0.01 t-test 14 d.f.) As the rate of 
feeding subsequently declines, these changes are reversed. If 
food intake is restricted (Fig. 1), blood glucose levels do not fall, 
and insulin levels do not rise. In the third experiment, the three 
‘meals’ had quite different consequences. Figure 2 shows that 
the first meal promotes a rise in blood glucose, with little 
secretion of insulin, the second a further rise in glucose with a 
considerable rise in insulin, and the third very high insulin levels, 
associated with a fall in blood glucose. Insulin levels, however, 
fall more rapidly after the third meal than after the previous two. 

Around dusk, therefore, the rate of insulin secretion in these 
animals increases to an extent sufficient to depress blood glucose 
levels in spite of a high rate of feeding. This increase could be 
due either to some endogenous rhythm of pancreatic activity, or 
to some direct or indirect effect of the sudden increase in 
feeding. The disappearance of the changes when food intake is 
restricted would favour the latter explanation. The high rate of 
feeding is known’ to be due to a very high meal frequency (three 
per hour), and the final experiment shows that during a series of 
meals very similar to that taken spontaneously by free-feeding 
animals, there is a transition between the day-time pattern of 
elevated glucose with relatively little insulin secretion to the 
night-time pattern of high insulin secretion, high rate of 
metabolic clearance of glucose, and presumably storage of 
energy. The voluntary pattern of feeding adopted by mice at 
dusk therefore seems to promote metabolic changes leading to 
more rapid clearance of a meal, which may, as suggested by Le 
Magnen, and Toates and Booth, facilitate a greater rate of food 
consumption by shortening the interval between subsequent 
meals, thus forming a type of metabolic ‘positive feedback’ of 
feeding upon itself. There are several, as yet inseparable, ways in 
which this might occur. Clearly, the activity of eating frequently, 
the operation of the gut receiving meals in rapid succession, or 
the metabolic effects of feeding at a high rate provide some 
additional stimulus to the pancreas, leading to a higher rate of 
insulin secretion at a given blood glucose level. The pancreatic 
islets are Known to be influenced by both the nervous system and 
the gut hormones, so that either or both may contribute to the 
effect”. 

If such a positive feedback could be shown to operate in other 
species, such as our own, then its inappropriate activation by 
frequent voluntary consumption at high rates may facilitate 
excessive weight gain. 
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Cardioactive substances in the monarch 
butterfly and Euploea 
core reared on leaf-free artificial diet 


THE monarch butterfly (Danaus plexippus) is one of the best 
known species which sequester and store cardiac glycosides’~ 
obtained directly from their larval food plants. On the other 
hand Euploea core, a related Danaid species feeding on the same 
family, Asclepiadaceae, is a poor storer of these substances". 
Cardenolides are absent if the butterfles are reared on plants 
which do not contain them, and, in the past, all cardioactivity in 
the insects’ body tissues has been attributed to dietary cardeno- 
lides. We now report that extracts of both larva and pupa reared 
on a leaf-free artificial diet’ proved cardioactive, slowing the 
action of an isolated rat heart (Langendorff preparation)® and 
increasing the amplitude of contraction. 

Specimens were extracted by grinding in a mortar with saline. 
The volume of saline varied depending on the weight of 
material, and, where possible, volumes were adjusted to give the 
same proportion of material to saline. The extraction mixture 
was centrifuged and 0.1-ml aliquots of this supernatant were 
injected into the perfusion feed line of the isolated rat heart 
(Langendorff) preparation. The number of hearts used and the 
weight of material extracted per 0.1 ml of saline are indicated in 
Table 1. The maximum change in amplitude of contraction is 
expressed as a percentage of the control value, and the heart rate 
was measured over 10-30 s after injection and is also expressed 
as a percentage of control values. 

The emetic effect of mascerated specimens and extracts of D. 
plexippus (at all stages of the life cycle) when fed to pigeons is 
well known”. The sensitivity of this test is greater than that of 
the isolated rat heart, as the presence of small amounts of 
cardiac glycosides in a butterfly extract can produce delayed 
emesis when administered to the pigeon, although no response 
may be observed when the same extract is applied to the rat 
heart". 

Extracts of larvae of D. plexippus reared on Asclepias curas- 
savica produced an effect typical of cardiac glycosides (Table 1 
and Fig. 1b), that is, a marked increase in the strength of 
contraction, seen most clearly in the latter half of the trace. Note 
that the drop in heart rate, although associated with cardenolide 
action, is also reminiscent of the effect of potassium ions which 
may have been present in the extracts, or could equally be due to 


Fig. 1 a, Effect of artificial diet-reared D. plexippus larval extract 
on the rate and strength of contraction of the isolated rat heart 
(each-vertical trace represents one heart beat). b, Effect of A. 
curassavica-fed D. plexippus larval extract on the isolated rat 
heart. c, Effect of A. curassavica extract on the isolated rat heart. 
On each figure the horizontal line indicates 10 s (this is omitted in 
Fig. 2b); extracts were given at the begnning of the 10-s period. 
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Table 1 Assay of larvae and pupae of D. plexippus on the rat heart 


No. of 
experiments 
Artificial Larvae (2nd instar) 2 
diet fed Larvae (4th instar) 2 
Asclepias fed Larvae (2nd instar) l 
Larvae (4th instar) l 


rh 


Asclepias fed Pupae 


Average weight 


of material No. of insects % Change in 


extracted (mg) extracted Rate Amplitude 
283 7 ~78 +67 
249 7 —66 +56 
283 5 ~97 +119 
249 5 ~98 +127 
161 2 —79 +84 





Larvae were starved for 24 h before testing. Diet-reared malformed pupae did not produce emesis when fed to the pigeon whereas pupae reared on 


Asclepias did’. 


the insect’s own secretions. Figure 1c shows that the extract of 
the food plant produces a qualitatively similar effect. 
Comparison of this with Fig. 2c, produced by an extract from a 
cardenolide-free Asclepiad plant, Marsdenia erecta, shows that 
the latter had no discernible effect on the isolated rat heart. The 
same negative result was obtained with extracts from the 
cardenolide-free artificial diet. In contrast, extracts of larvae of 
both D. plexippus (Fig. 1a) and E. core (Fig. 2a) reared on the 
artificial diet, showed cardio-activity. The same effect was pro- 
duced by extracts of the latter species reared on Marsdenia (Fig. 
2b). However, the relatively brief slowing of the heart rate and 
increase in contraction are not typical of the cardenolide 
response elicited by Asclepias-reared material. 

For comparison, we tested Tyria jacobaeae, an aposematic 
moth, highly repellent to vertebrate predators’, containing 
large concentrations of pyrrolizidine alkaloids which it 
sequesters from its food plant'’. Neither pupa (Fig. 2d) nor 
foliage of the food plant on which it was reared (Senecio jaco- 
baea; produced any marked action on the rat heart. 

It is unlikely that the cardioactive substance produced by D. 
plexippus is a cardenolide, despite its action on the isolated heart 
and the fact that some insects are known to secrete them’”, for 
Roeske et al. found no cardiac glycosides in this species reared 
on plants such as Gonolobus rostratus and A. amplexicanlis’, 
which lack such substances. They did not, of course, test their 


Fig.2 Contractions of the isolated rat heart on treatment with the 

following. a, Larva of E. core reared on an artificial diet. b, Larva of 

E. core reared on M. erecta. c, Foliage of M. erecta. d, Pupa of T. 
jacobaeae reared on S, jacobaea. 
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specimens for other cardio-active substances, which we can, 
nevertheless, assume were present. Furthermore, a substance 
with a very similar effect, found in Ipomoea batatas, and also 
present in the butterfly Hypolimnas bolina fed on it, was 
demonstrated by Reichstein (in Dixon ef al.*) not to be a 
cardenolide. 

Most highly coloured insects possess more than one chemical 
deterrent, frequently a combination of both a primary self- 
secreted or self-manufactured substance, and a secondary, 
superimposed, plant-sequestered toxin. Such a primary defence 
must be particularly important in the case of D. plexippus, as the 
cardenolides which it sequesters and stores, and which so far 
have been considered by many workers to be its only defence 
mechanism, are frequently lacking in the foliage of its favourite 
food plants such as A. syriaca’*. Thus, a self-secreted cardio- 
active substance, even though non-emetic, will make the popu- 
lation much less dependent on the variation and fluctuations 
characteristic of the secondary plant substances. 

Experiments are in progress with various predators and live 
Danaids reared on an artificial diet. It is essential to use fresh 
material in these feeding experiments, as, unlike the secondary 
plant substances, the majority of toxic self-secretions of Lepi- 
doptera are lost or destroyed** by storage. 
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The relationship between 

tonicity and flagellar length 


THE manner in which a cell regulates the size and number of 
its organelles is not fully understood. We have studied the 
regulation of flagellar length. Flagella are organelles involved in 
cellular motility and sensory transduction’, and in standardised 
conditions, the flagella of a given species are constant in length 
and number. Thus, taxonomists include these characteristics in 
species descriptions’. The organism we are investigating is the 
unicellular biflagellate green alga Chlamydomonas reinhardi, in 
which the two flagella are of equal length’. If the flagella of 
Chlamydomonas are amputated, they regenerate to-their ori- 
ginal length in approximately 90 min (ref. 3). If only one flagel- 
lum is removed the remaining organelle shrinks while the new 
flagellum is elongating, until both are of the same length. At this 
point both organelles proceed to elongate, stopping when the 
normal length is reached**. Resorption of organelles containing 
microtubules has been shown to occur under a number of 
conditions in different organisms’. Recently it has been shown 
that the flagella of Chlamydomonas can be caused to shorten by 
a variety of agents such as pyrophosphate**, chelators®, halo- 
thane” and other salt solutions®’®’’. This large variety of 
substances led us to study the effects of tonicity, per se, on 
flagellar length. 

To determine what effect osmotic pressure has on flagellar 
length, vegetative cells of Chlamydomonas reinhardi were 
incubated in two salt solutions: sodium chloride and sodum 
pyrophosphate, and two sugar solutions: mannitol and sucrose, 
all at a tonicity approximately three times that of normal growth 
media. Figure 1 shows that the flagella shorten to almost half 
their original length during the first 60 min, regardless of the 
solution used to alter the tonicity. Furthermore, the rate of 
shortening is similar in all cases. Since the only similarity 
between the various solutions is tonicity (not molarity), we 
attribute the shortening to the increased osmotic pressure. 

After 60 min the flagella of cells which are in salt continue to 
shorten, until a steady state is reached. However, the flagella of 
cells which are in sugar begin to regrow, reaching near normal 
lengths after six h. This regrowth of flagella in the sugar can be 
prevented by placing the cells in the dark (data not shown). This 
phenomenon is under investigation. l 

For any given solution, the length of the flagella, at 60 min, 
appears to be inversely related to the tonicity of the surrounding 
medium. This is shown in Fig. 2a and b. Figure 2a presents data 
for NaCl at various tonicities and Fig. 2b presents data for 
sucrose at different tonicities. 

The experiments in Figs 1 and 2 were of short duration (6 h), 
and it was of interest to determine if in continuous culture in salt 
solutions of different tonicities, the cells would adapt to the 
increased osmotic pressure and possess flagella of normal 


Tabie 1 Flagellar length of cells grown in various salt concentrahons 


Salt concentration Flagellar length Per cent reduction in 
(osmolarity) (um) flagellar length 
Normal] medium 13.3 — 
(81) 
0.02 M 6.5 5i 
(90) 
0.05 M 4.4 67 
(116) 
0.1M L2 91 
(196) 


Flasks containing 50 mi of culture media, at various salt concen- 
trations, were inoculated with 2 x 10° cells and placed to grow on a 12 h 
light-12 h dark cycle. After two weeks samples were removed, fixed 
with glutaraldehyde and flagellar lengths measured as in Fig 1. 
Oamolarities were measured as in Fig. 1. 
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Fig. 1 Change in flagellar length at increased osmotic pressure. 
Vegetative cells of Chlamydomonas remzardi were on a 
12 h light-12 h dark cycle as previously described’’*"*, An equal 
volume of a cell suspension at a concentration of 3 x107 cells per 
mi were mixed with solutions of ether mannose, sucrose, sodium 
chloride or sodium pyrophosphate (made ap in growth media with 
the pH adjusted to 7.0). At timed interva.s thereafter, aliquots of 
the cellular suspension were removed, fixed with 2.5% glutaral- 
dehyde and flagellar lengths measured as previously descnbed”? 
In addition, aliquots were centrifuged to remove the cells and the 
osmotic pressure of the supernatant was measured on a model 
5100 vapour ure oamometer (Wescor). Mannitol 
(260 mOsm kg”; 0.25 M), @ sucrose (23E mOsm kg ; 0.2 M); A 
sodium chloride (240 mOsm kg’; 0.125 M); Ml sodium pyro- 
phosphate (257 mOsm kg™’; 0 05 M); A, normal growth medium 
(81 mOsm kg”) 


length. The data presented in Table 1 show that the flagella of 
cells grown for 2) weeks in various Na—] concentrations were 
shorter than normal, and the higher the salt concentration, the 
shorter the flagella. It should be noted that at higher salt 
concentrations (0.1 M and higher) the rate of cell division was 
partially inhibited, indicating a stress condition. Thus, flagellar 
length might be an indicator of osmctic stress on the cells. 
Furthermore, the short flagella at higher salt concentrations 
were not a result of mutant selection, since cells washed free of 
salt regenerated longer flagella (data not shown). 

The evidence presented here indicetes that the flagella of 
Chlamydomonas reinhardi respond to changes in osmotic pres- 
sure. Higher osmotic pressures (increased by either salt or sugar) 
causes shortening of the flagella. Thus we conclude that flagellar 
length is, in part, controlled by the csmotic pressure of the 
medium. This conclusion is further substantiated by the work of 
Telser’, in which flagella of Chlamydomonas reinhardi were 
observed to clongate when the cells were placed in distilled 
water. We have repeated those experiments with similar results. 
Also, increased osmotic pressure has been shown to lead to the 
stoppage of the ciliary beat and ultrastructural changes in the 
cytosol of mussel gill cilia’*. We speculate that some of the 
flagellar length mutants of Chlamydomonas reinhardi'*'* might 
be osmoregulatory mutants; the cells may be altered in their 
ability to osmoregulate and therefore have shorter or longer 
flagella than normal. 

We do not yet know the mechanisn of shortening due to 
increased osmotic pressure. One possibility is the action of high 
tonicities on the microtubules forming the axoneme of the 
flagella. Protein turnover has been demonstrated in full length 
flagella, and it appears that the organelle is maintained in a state 
of dynamic equilibrium’’’*. The loss of water from the cells 
(due to the osmotic stress) could change the concentrations of 
solutes in the cell and flagella, which, in turn, would alter the 
polymerisation and depolymenisation of microtubules. 

The regulation of the length of flagella is obviously under the 
control of complex metabolic processes. Osmotic pressure 
seems to be an environmental factor which can influence those 
processes. However, not all flagellar shortenings are due to 
osmotic effects. Drugs, such as halothane’ and herbicides such as 
amiprophosmethyl® probably cause Hagellar shortening by 
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Fig. 2 Change in flagellar length in solutions of drfferent 
osmolarities. Conditions of cell growth and experimental pro- 
cedure were the same as in Fig. 1. a, Changes in flagellar length in 
sodium chloride solutions a various osmolaritics: rs 
163 mOsm kg (0075 M); O, 221mOsmkg™ (0.1M); A, 

256'mOsm kg’ (0.125 M). b shows changes in flagellar length in 
sucrose solutions of various osmolarities: A, 153 mOsm kg’ 
(0.125 M), O, 193 mOsm kg™* (0.175M); A, 229 mOsm kg’ 
(0.2 M) Normal growth medium has an osmolarity of 
_ 81 mOsm kg” . The molarities of the solutions given above are in 

addition to normal medium. 


specific chemical action. Innate cellular properties are also 
involved in control of flagellar length as illustrated by the alga 
Euglena gracilis which has two flagella of unequal length”. 

- Our results are significant not only to the cell biologist inter- 
ested in the physiology of the flagellum, but are also directly 
related to algal classification, where flagellar length is often 
included as a species characterisation’. Attention should be paid 
to the salinity of the environment when comparisons are made of 
flagellar lengths of presumed different species. ` 

` After submission of this manuscript a paper which dealt with 
flagella shortening in Chlamydomonas was published’. It was 
reported that 150 mM NaCl caused shortening of flagella while 
equimolar KCI did not. Our unpublished: results show that 
equimolar KCi will cause flagella to shorten. However, the 
flagella re-elongate (as in the presence of sugar) and by 90 min 
(the time at which flagella were measured by Quader et al.”') the 
flagella are of normal length. In addition we find that during 
re-elongation of flagella in the presence of sugar there is a 
simultaneous accumulation of potassium by the cells. The rela- 
tionship of potassium to flagellar re-elongation is under study. 

We thank Dr Aletha Solter for critical reading of the manus- 
cript and Darry! Ray and Drs L. Wilson, R. Trench, P. Laris, D. 
Morse and N. Sharon for their comments. This work was 
supported by NSF grant PCM 77-07380. 
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Degenerating nerve products 
affect innervated muscle fibres 


THE main factor controlling mammalian muscle fibre 
membrane characteristics 1s the fibre’s activity’?. Other 
influences may be a trophic factor”, and a loosely termed 
‘inflammatory effect’. The latter effect is unspecific, a 

when a thread or degenerating nerve is placed over the muscle’, 
after operative procedures near the muscle (ref. 2 and our 
unpublished observations) and after axonal degeneration within 
the muscle’s own nerve'’*. This inflammatory effect may 
underlie the observations of Cangiano and Lutzemberger’ that 
the innervated fibres in a partially denervated muscle show ’ 
certain membrane changes similar to those seen on inactive 
muscle fibres. Such surface changes in inactive muscles have 
been implicated as the cause of æ motoneuronal terminal 
sprouting’, and that they may also occur on innervated fibres in 
partially denervated muscles provides an explanation for the 
occurrence of terminal sprouting here too without invoking 
additional mechanisms. However Cangiano and Lutzember- 
ger’s results have been disputed’®. We now report an experi- 
ment which demonstrates. that degenerating nerve fibres can 
affect innervated muscle fibtes, and that this interaction may 
well stimulate motoneuronal terminal sprouting. 

We produced muscles with afferent nerve fibre degeneration 
but with normal efferent innervation by cutting the dorsal roots 
supplying the muscles, peripheral to the dorsal root ganglia. We 
used the soleus and peroneus tertius muscles of mice weighi 
30 g or more. Under chloral hydrate anaesthesia (0.2 ml of 3.5% 
solution per 10 g body weight) the L4 and LS spinal foraminae 
were exposed and as much of the dorsal root ganglia as possible 
removed, care being taken to avoid damaging the ventral roots. 
Five to eight days later (when any inflammatory effect should be 
present’) the acute experiment was performed, the muscles 
being examined in vitro using methods described previously’’. 
We confirmed the absence of motor denervation by comparing 
the nerve and directly evoked twitch and 50 Hz, tetanic tensions. 
We also counted the number of motor units in the muscle using 
carefully graded stimuli to the nerve and compared this total 
with that obtained from contralateral control muscles. Muscles 
with any indication of motoneurone death were discarded (8 
muscles from 38 operations). A muscle’s acetylcholine sensi- 
tivity was taken as the size of its contracture m 5X 10™* g mi” 
acetylcholine perchlorate, as a percentage of its 
maximum directly evoked 50 Hz tetanus. The muscles with their 
nerves were stained in zinc iodide and osmium tetroxide, and the 
amounts of degeneration within the nerve, de-afferented muscle 
spindles, and motoneuronal sprouting were determined. 

Controls consisted of the normal contralateral muscles from 
experimental animals, and also muscles from mice with dorsal 
roots cut central to the ganglion and hence with intact afferent 
axons (rhizotomy). This latter group controls for the effects of 
removing some afferent input to the spinal cord on muscle 
activity, and also for any effects of nerve degeneration within the 
spinal cord. 
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Fig. 1 Histograms of the acetylcholine sensitivities of the various 
groups of muscles. The rhirotomised solei (b) are not significantly 
different from the normal control muscles (a) However, the 
solei (c) are significantty different from normal 
muscles (P« 0.001 Mann-Whitney U test), and significantly 
different from the rhirotomised control muscles (P< 0.025) The - 
rhmotomised peronei are significantly different from normal 
controls (P<0.05), as are the ganglionectomised peronei (P< 
pa ae ai hast tase lpia da “pemagee nap a 
different acetylcholine sensitivities in thm muscle, although the 
mean sensitivity is higher in the ganglionectomies (10+0.5 n= 15 
compared with 7+ 1.6, n = 10) The black portions on the histo- 
grams are the results from muscles where more than 40% of the 
spindies were de-afferented. 


Figure 1 shows the acetylcholine sensitivity of the three 
groups of muscles. The 
more sensitive than either of the control groups (P<0.025, 
Mann-Whitney U test), which are not significantly different 
from one another. Both the ganglionectomised and rhizo- 
tomised peronei are significantly more sensitive than the control 
normal muscles (P<0.01 and P<0.05, Mann-Whitney U 
tests). In this muscle the two operations do not produce 
significantly different effects, though ganglionectomy does 
produce the higher mean sensitivity (10+0.5, n = 15 compared 
with 7+1.6, n= 10, mean + s8.e.m.). Figure 2a shows a scat- 
tergram of the relationship between the acetylcholine sensitivity 
and the amount of de-afferentation within soleus. The cor- 
relation (r,= 0.525) is significant (P<0.05). Thus, particularly 
in the soleus, nerve degeneration products do scem to cause 
innervated muscle fibres to become acetylcholine sensitive. 

Examination of the a-motoneurone terminals in experimen- 
tal muscles reveals terminal sprouting. Figure 25 is a scat- 
tergram of the relationship between terminal sprouting and 
de-afferentation in soleus, and there is a significant correlation 
_ (4, 0.453, P<0.05). The percentage of terminals with sprouts 
was 17+5.6, n = 16 in ganglionectomised solei, 6+ 1.0, n =9 in 
rhizotomised solei and 7+ 2:8, n = 10 in normal solei. 

These results support the suggestion that muscle fibre surface 
changes are a local stimulus to terminal sprouting’, and agree 
with the results of other experiments’?. However, we cannot 
rule out the possibility that some feature of degenerating nerves 
might act directly on intact nerve fibres to stimulate terminal 
sprouting, as seems to be the case for collateral or nodal 
sprouting'®. We do in fact see some collateral sprouting in the 


ectomised solei are significantly » 
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intramuscular nerve branches of these de-afferented prepare- 
tions. ` 

Extensive de-afferentation is required to give significant 
increases in acetylcholine sensitivity (Fig. 2a) and it is only in 
such muscles that we see much sprouting (Fig. 25). However, it is 
well known that relatively small amounts of partial motor 
denervation are sufficient to produce large incfeases in sprout- 
ing. In fact, removing only one or two motor units from soleus by 
selective ventral root damage can produce up to 60% terminal 
sprouting (data not shown). This might suggest that muscle fibres 
or motoneurones are especially responsive to motoneurone 
degeneration. A simpler explanation is that motoneurones 
arborise profusely within a muscle and pass close to one ano- 
ther’s endplates, unlike afferent fibres which do not branch 
much nor run through the endplate zone. Consequently a single 
degenerating efferent fibre may produce larger amounts of 
active substances closer to their sites of action than a single 
degenerating afferent. A third possible explanation for the 
apparently greater amount of sprouting after ventral root 
damage is that denervated muscle fibres might liberate a sprout- 
ing agent which could spread through the muscle. This seems 
unlikely, because in a muscle where transmission is partially 
blocked, sprouting occurs only from the blocked terminals’. If 
the inactive and hence altered muscle fibres liberated diffusible 
chemicals which could elicit sprouting then one might expect 
unblocked terminals to sprout also. 


% Terminals with sprouts 





20 40 60 80 10 20 40 60 80 10 
% Deafferentation 


Flg.2 a, Ascattergram of the relationship between acetylcholine 
sensitivity of solei and the amount of de-afferentation produced in 
ganghonectomised preparations, r3 (Spearman rank correlation 
coeflicient) = 0.525, which is significant (P<0.05) The degree 
of de-afferentation was assessed by counting the number of 
deafferented muscle spindles and expressing this as a percentage 
of the tota] number of spindles m that muscle. A normal soleus has 
6—8 spindles. Obviously this may only be a rough estimate of the 
total amount of de-afferentation. This graph demonstrates that 
large amounts of de-afferentation must be produced to have much 
effect on the muscle’s sensitivity, and this may 
explain the small size of the differences seen in Fig. 1. Especially in 
the earlier experiments, in trying to avoid ventral root damage the 
surgery was over cautious and removed rather little of the ganglia. 
Histologically, only small amounts of degeneration were seen, and 
the proportion of de-afferented spindles was small. This problem 
was particularly acute m the peroneus, because this muscle appears 
to receive the bulk of its afferents through L5, and this ganglion 
being harder to remove is usually less damaged. The result was that 
fewer than half the perone: had any completely de~afferented 
spindics. the black squares in Fig. 1 (de- 
afferentation>40%), the effect of ganglionectomy w quite 
obvious. (The rhizotomy operation is relatively casy, and always 
destroys 100% of the limb’s afferent input to the spinal cord.) The « 
particularly small effect of y in peroneus might also 
be because it contains ‘fast’ inotor units. It has been shown that a 
fast pattern of muscle activity is perticularty effective in inhibiting 
the development of acetylcholine supersensitrvity’. b, A scat- 
tergram of the relationship between terminal sprouting and de- 

_ afferentation. There is a significant correlation (rs = 0.453, P< 
0.05). There is also a significant correlation between the amount of 
sprouting and the sensitivity of the muscle (= 
0.523, Ne ee eee 

sprouting occurs” 
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Finally, in order to unravel complex innervation patterns (for 
example, those of the muscle spindle), it is common to use 
de-atferented or de-efferented preparations. Our experiments 
have shown that de-afferentation causes efferent sprouting; 
clearly this may produce misleading descriptions of the normal 
pattern of innervation in such preparations. Perhaps this 
explains some of the controversy” over the innervation of the 
muscle spindle. 

R.L.H. and R.I. receive MRC training studentships. This 
work was supported by an MRC project grant. 
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Adjuvant-induced thymus-derived 
suppressor cells of 
cell-mediated tumour immunity 


THE use of immunoadjuvants in enhancing immune responses 
to various antigens and particularly in tumour therapy is based 
largely on the concept that an increased level of specific 
immunity may be achieved by nonspecific stimulation of the 
immune system'. However, the tumour-protective effect of 
adjuvants has not been entirely consistent in all systems studied, 
and also, an immune suppressive effect of adjuvants has been 
demonstrated mainly by using in vitro assays of cell-mediated 
immunity”. It remains to be determined whether a defect 
measured by such general tests of lymphocyte function may also 
represent an indication of depressed cell-mediated immunity 
against the progressive growth of tumours. Moreover, the target 
cell in the immune system for adjuvant effect has not been 
characterised clearly. Our laboratory has made extensive study 
of immune response to SV40-induced syngeneic transplantable 
MKSA cells of BALB/c mice*”’. This tumour has been shown to 
possess tumour-associated antigens which can immunise 
specifically against the growth of MKSA cells. The role of T 
lymphocytes in the immune response against $V40-induced 
tumour-associated antigens was shown by in vive tumour cell 
neutralisation assay (Winn)° and by in vitro *'Cr release assay’. 
We now report that injection of complete Freund’s adjuvant 
(CFA), one of the most useful adjuvants in enhancing immune 
responses, markedly inhibited the ability of immune spleen cells 
to prevent $V40-induced tumour growth in the Winn assay and 
to lyse SV40-transformed cells in the cytotoxicity assay. 
Moreover, untreated mice which reject suboptimal numbers of 
tumour cells die of progressive tumour growth following treat- 
ment with CFA and tumour cells; adult thymectomy reverses 
the suppression caused by CFA; and the target cell for CFA 
effect is the T lymphocyte. These data suggest that treatment 
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Table 1 The effect of CFA on growth of SV40-induced tumour and on 
cell-mediated cytoxicity against $V40-transformed cells 


Challenge Neutralisation 
with MKSA of MKSA % Cytotoxicity 
cells* cellst against C57S8V 
Treatment (dead/total) (dead/total) cellst 
None 0/10 0/10 39,2 
CFA 9/10 10/10 2.3 





This is a representative experiment out of five experiments with 
similar results. 

* CBF, mice were inoculated s.c. with 2 x 10’ C57SV cells. After 15d 
the animals were challenged s.c. with 1x 1 0° MKSA cells. 

+ CBF, mice were inoculated s.c. with 2 x 10’ C57SV cells. After 15 d 
the spleens were removed and a T-cell-enriched fraction was prepared 
as described earlier. The cells were incubated with 1 x 10° MKSA cells, 
at a 300:1 lymphocyte : tumour cell ratio, for 45 min at 37 °C in a CO, 
incubator and injected s.c, into normal CBF, mice. 

+ CBF, mice were inoculated s.c. with 2 x 10’ CS7SV cells. After 8 da 
T-cell-enriched fraction was prepared from the spleens of these mice 
and used in the in vitro “'Cr release assay. The assay was carried out in 
the wells of flat-bottom microplates. C57SV target cells were trypsinised 
and 1x 10* cells and 5 aCi Na°’'CrO, in 0.2 mi RPMI 1640 medium 
containing 5% fetal bovine serum were added to each well. After 18 hat 
37 °C in a CO, incubator, the target cells were washed and effector cells 
were added in a 0.2 mi volume in a ratio of 200: 1 lymphocyte: target 
cell. After 6 h incubation at 37°C in a CO; incubator, the plates were 
centrifuged at 350g for 5min and 0.1 mi of the supernatant was 
removed for counting. results are calculated from the mean of triplicate 
samples and expressed as: 


% Specific lysis 
Si a x 4 
c.p.m.” Cr released in the presence of immune cells 


c.p.m.°'Cr released in the presence of normal cells ~ 
c.p.m.” Cr released in the presence of 1% SDS | 
The *'Cr released in the presence of normal cells was always either very 
‘close or identical to the release in medium and ranged over 5-15%. 


with CFA causes depression of specific anti-tumour cell-medi- 
ated immunity by activation of suppressor thymus-derived 
lymphocytes. 

Female CBF, (BALB/c CS7BL/6)F,; mice aged 8-12 
weeks (unless otherwise indicated) were used and SV40-trans- 
formed cells, C57SV, of C57BL/6 mice. These cells are good 
targets in the in vitro *'Cr release assay’ but do not grow in vivo. 
SV40-transformed cells, MKSA, of BALB/c mice grow in vivo” 
but are poor targets in vitro. Both cell lines were shown to 
possess tumour-associated transplantation antigens which can 
immunise specifically against the growth of MKSA cells*®. 

In the first experiment the mice were inoculated intraperi- 
toneally (i.p.) with 0.5 ml of CFA (0.5 mg ml”! Mycobacterium 
tuberculosis, Difco) or left untreated, and immediately after- 
wards they were inoculated subcutaneously (s.c.) with 2 x 10’ 
C57SV cells. (The amount of CFA and the timing of inoculation 
in relation to C57SV cell immunisation were based on preli- 
minary experiments.) The mice were then divided into three 
groups. The spleens of the first group of mice were removed 8 d 
after immunisation’, and a T-cell-enriched fraction was pre- 
pared using nylon wool columns, as described by Julius et al 
About 30% of the starting spleen cell population was recovered 
in the nonadherent fraction; of these, 1-3% (compared to 
40-45% in the unfractionated population) were surface 
immunoglobulin-positive cells, and 0.3% were phagocytic cells 
(compared to about 5% in the unfractionated population) as 
judged by latex particle ingestion. The cells were used in the *'Cr 
release assay against C57SV target cells. Marked depression of 
cell-mediated cytotoxic activity was observed in the CFA- 
treated group as compared to the control group (Table 1). This 
suppression was demonstrated by using various attacker: target 
cell ratios and by testing spleen cells at various times after 
CS57SV cell immunisation. The second group of mice was chal- 
lenged s.c, with 1x 10° MKSA cells 15 d after immunisation. 
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Table 2 The effect of CFA-induced suppressor T cells on growth of 





SV40-induced tumours 
Challenge 

with MKSA 
Treatment and no. of cellst 

spleen colls transferred (dead/total) 
Untreated unfractionated 6x10’ 0/10 
CFA-treated unfractionated 6x10’ 8/10 
CFA-treated unfractionated 3x 107 1/10 
CFA-treated unfractionated 1.5x107 1/10 
Untreated nylon column 6x10’ 1/10 
CFA-treated nylon column 6x10’ 9/10 
CFA-treated nylon column 3x10 8/10 
CFA-treated nylon column 1.5107 1/10 
Untreated anti-6 and complement (C)* 6x10” 2/10 
CFA treated anti-8 and C’ 6x10 . 0/10 
CFA treated anti-9 and C 3x10’ 1/10 
CFA treated anti-§ and C 1.5x10’ 1/10 
CFA treated C alone 6x 107 8/10 


* The preparation of AKR anty-Thy 1.2 C3H antibody and the 
treatment of lymphoid cells were carned out according to the technique 
deacribed in detail in ref. 12. This antiserum lysed more than 97% of 
C3H thymocytes and 35-40% of C3H spleen cells by trypan blue dye 
exclusion. The T-cell response of spleen cells to phytohaemagglutinin 
was abolished after treatment, whereas the B-cell response to lipopoly- 
saccharide was left intact. 

+ CBF, mice were inoculated i v. with various spleen cell preparation 
as shown and immediately s.c. with 1x 10° MKSA cells. 


The third group was killed 15 d after immunisation and T- 
enriched spleen cell populations were mixed with 1 x 10* MKSA 
cells and injected s.c. into normal CBF, mice. AL the mice were 
inspected until death from tumour growth. 

In both groups, CFA treatment caused suppression of tumour 
immunity (Table 1); thus, most CFA-treated . mice died of 
progressive tumour growth after challenge whereas no tumours 
were observed in untreated animals and no animal died. 
Similarly, in the Winn assay, inhibition of tumour cell neu- 
tralisation activity of lymphocytes from CFA-treated mice 
resulted in tumour growth and death of all animals as opposed to 
untreated animals, in which tumour cell neutralisation resulted 
in complete protection against tumour growth. Similar results 
were observed at various times after immunisation and by using 
various lymphocyte : tumour cell ratios. Incomplete Freund's 
adjuvant did not have such an effect. No animal died if inocu- 
lated with CFA alone. These experiments suggested that 
suppression of specific cell-mediated tumour immunity may be 
caused by either a defect in T-cell function or by activation of 
suppressor cells. To test these hypotheses further, the following 
in vivo experiment was carried out. Normal CBF, mice were 
inoculated i.p. with 0.5 ml of CFA or left untreated. Seven days 
later (a time based on preliminary experiments), the animals 
were killed and their spleens were either left unfractionated, 
passed through nylon wool columns to remove B cells and 
phagocytic cells, or treated with specific anti-Thy 1.2 serum and 
complement to remove T cells. The various spleen cell popu- 
lations were inoculated intravenously (i.v.) into normal CBF, 
mice which were then injected s.c. with 1 x 10° MKSA cells (the 
number of tumour cells which in preliminary experiments was 
found to result in no tumour growth in normal CBF, mice as 
opposed to a higher number of cells). The results of a represen- 
tative experiment out of two experiments with similar results are 
summarised in Table 2. Injection of mice with spleen cells from 
untreated animals, either unfractionated or enriched for T cells 
or B cells and macrophages, and challenge with MKSA cells did 
not result in tumour growth or death of these animals. On the 
other hand, injection of mice with spleen cells from mice 
pretreated with CFA, either unfractionated or enriched for T 
cells, resulted in tumour growth and death of the animals. 
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Treatment of cells with specific ant-Thy 1.2 serum and 
complement but not with complement alone abolished the 
suppressive activity. These results suggested that suppressor T 
cells were generated in CFA-treated an-mals and suppressed in 
vivo the immune response against MKSA cells. 

A similar experiment was carried out using adult thymectomy, 
as it was shown that adult thymus mey actively regulate the 
function of T cells’’. Normal CBF, mice 6-8 weeks old were 
either sham thymectomised, thymectonised or left untreated. 
Ten days later the mice were inoculated i.p. with 0.5 ml CFA or 
were left untreated, and all mice were inoculated s.c. with 
1x 10° MKSA cells. The results of a representative experiment 
out of three experiments with similar results are summarised in 
Table 3. Normal mice treated with CFA. died of tumour growth 
as compared to nontreated animals Similar results were 
obtained with sham thymectomised mice. On the other hand, 
thymectomy and treatment with CFA did not result in tumour 
growth, similar to results with thymectcmy without CFA treat- 
ment. Thus, adult thymectomy reversed the suppressive effect of 
CFA, and protected mice from the lethal effect of tumour 
growth. 


Table 3 The effect of adult thymectomy and CFA on growth of 


SV40-induced tumcur 
Challenge 

with MKSA 
cells* 

Treatment CFA (dead/total) 
None ~ 1/10 
None + 9/10 
Sham thymectomy = 0/10 
Sham thymectomy + 8/10 
Thymectomy — 2/10 
Thymectomy + 1/10 


* CBF, mice were treated as shown anc descnbed in the text and 
inoculated s.c. with 1x 10° MKSA cells. 


The present study demonstrates the suppression of anti- 
tumour cellular immunity by treatment with CFA, as assessed by 
in vivo tumour rejection and in vitro ce I-mediated cytotoxicity, 
two immunological functions mediated by T cells. CBF, mice 
challenged with syngeneic $V40-transformed cells and CFA 
failed to develop effector cells, and instead they developed 
suppressor T cells which inhibited in vivo effector T-cell 
functions. In contrast, adult thymectomy reversed the suppres- 
sion caused by CFA, suggesting that the intact adult thymus was 
necessary for the induction of suppressor cells, that is, the 
thymus may regulate immune respons.veness by the export of 
suppressor T cells which regulate other T-cell responses. These 
studies agree with those demonstrating suppression of m vitro 
immune responses to alloantigens by CFA’*’*. In contrast to 
suppressing effector-cell function to artigens, CFA augmented 
antibody responses to the same antigens’®’’. Those studies 
suggested that increased helper T-cell activity is favoured by 
adjuvant. Taken together, these and Dur own studies suggest 
that CFA has a differential effect on at least two T-cell sub- 
populations. Regulation of T-cell function is accomplished by 
the induction of suppressor T cells tha- selectively interact with 
pre-killer T cells while sparing helper 7 cells. A relevant aspect 
of tumour immunology suggested by -he present study is that 
there may be quite a delicate balance between the beneficial 
anti-tumour effects of adjuvants and their immunosuppressive 
effects. Considerable experimentation seems to be necessary to 
determine the various factors contribucing to this complex situ- 
ation; therefore, caution should be exercised in using adjuvants 
for immunotherapy of cancer. 
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Characterisation of a tumour-specific 
antigen on 
the surface of feline lymphosarcoma cells 


IN domestic cats, regression of tumours originally induced by 
inoculation of feline sarcoma virus (FeSV) as well as the resis- 
tance to feline leukaemia virus (FeLV)-induced lymphosarcoma 
in the natural environment are correlated with high titres of 
antibody to the feline oncornavirus-associated cell membrane 
antigen (FOCMA)'™. FOCMA is present on FeLV-producing 
and nonproducing feline lymphosarcoma (LSA) cells and FeSV- 
infected fibrosarcoma cells but is absent from Fel V-infected 
normal cells. This finding is consistent with the interpretation 
that FOCMA represents an FeLV or FeSV-induced trans- 
formation-specific protein’. Other workers have initiated 
studies of the biochemical nature of FOCMA derived from 
cytoplasmic extracts of cells of a heterologous species (mink) 
nonproductively transformed by FeSV*"'°. However, our pri- 
mary interest has been to analyse FOCMA expressed on 
naturally occurring LSA cells from pet cats. We describe here 
the identification of a hitherto unrecognised protein on the 
surface of feline LSA cells and cultured transformed feline 
lymphoblastoid cells which exhibits antigenic determinants in 
common with FOCMA. The molecular weight of this protein ts 
approximately 70,000, Our data agree with the accumulating 
evidence that FOCMA is distinct from all FeLV and RD114- 
coded virion antigens?°""'. 

Cell-surface molecules carrying FOCMA determinants were 
characterised by methods previously used in studies of murine 
leukaemia virus-coded cell-surface components of normal and 
leukaemic murine lymphoid cells: enzymatic radioiodination of 
viable cells, precipitation with typing serum from detergent 
lysates, and analysis of proteins in immunoprecipitates by 
polyacrylamide gel electrophoresis in the presence of sodium 
dodecyl sulphate (SDS-PAGE)’**. Correct interpretation 
of the results obtained was dependent on the availability of 
monospecific FOCMA typing sera. Therefore, a preliminary 
comparative analysis of feline sera for antibodies to FOCMA 
and to FeLV structural protein antigens was made. A panel of 
selected coded sera were tested for the presence of (1) FOCMA- 
reactive antibodies by the viable cell membrane 
immunofluorescence test, (2) Fel V-neutralising antibodies, and 
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(3) precipitating antibodies to individually purified FeLV-AB 
virion proteins in radioimmunoassays. We were able to select cat 
sera (Table 1) which reacted only against FOCMA and not 
against FeLV structural protein antigens (hereafter referred to 
as FOCMA typing serum (from a class 6 cat)), sera reacting only 
against FeLV proteins (class 3 cat), or sera negative for FOCMA 
or FeLV antibodies (class 5 cat). 

Figure | shows electropheregrams of proteins precipitated 
from lysates of surface-iodinated primary feline LSA cells by 
sera from different classes of FeLV -exposed cats. Figure la and 
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Fig. 1 SDS-—polyacrylamide gel (PAG) analysis of '**I-labelled 
surface proteins of primary feline lymphosarcoma (LSA) cells 
precipitated from cell lysates by antibodies in different classes of 
feline sera (@). Tumour tissue was obtained from animals at 
autopsy; thymic LSA cells, Fel V-positive in a fluorescent antibody 
test for FeLV gs antigens’, were obtained from cat no. 3304. LSA 
cells negative for FeLV antigen expression were obtained from a 
lymph node of a second animal (3309) with multicentric LSA. 
Preparation of cells and radioiodination of cell-surface proteins 
were accomplished according to protocols published in detail 
elsewhere '*. Labelled proteins were solubilised by incubating cells 
in a cell lysis buffer (CLB) (0.05 M NaCl, 0.02 M Tris-HCI, pH 7.4, 
0.5% Nonidet P40, 0.5% sodium deoxycholate) containing 10% 
Trasylol, a general protease inhibitor (FBA Pharmaceuticals). 
After dialysis for 16 h at 4°C, insoluble material was removed by 
centrifugation. For our double-antibody precipitation procedure, 
2 wl of test feline sera was added to aliquots of lysate from 5 x 10° 
cells (final volume 100 wl in CLB, 2-3 x 10° trichloroacetic acid 
(TCA)-precipitable '*"I c.p.m.). The suspensions were incubated 
at 4°C for 30 min and the total IgG was precipitated by further 
incubation (4 °C, 2 h) with an excess of rabbit anti-cat IgG. Pre- 
cipitates were collected by centrifugation at 3,000g and sequen- 
tially washed with 1-mi aliquots of cold (1) 0.5 M NaCl, 0.02 M 
Tris-HCl, pH 7.4, 0.5% NP40, (2) 1.0 M NaCl, 0.02 M Tris-HCI, 
pH 7.4, 0.5% NP40, and (3) 0.002 M Tris-HCI, pH 7.4, 0.5% 
NP40. Labelled polypeptides in immunoprecipitates were 
analysed by PAG electrophoresis in the presence of SDS and 
2-mercaptoethanol in 0.58.5 cm cylindrical gels (7.5% acryl- 
amide) topped with 0.6 x 1.5 cm stacking gels (4.5% acrylamide) 
according to the method of Laemmli’*. The ratio of acrylamide to 
bisacrylamide was 30:0.8. After electrophoresis at 3mA per 
gel for 3h, gels were fractionated and 13T in the fractions was 
determined in a Beckman radioimmuno analyser y counter. a—c 
show proteins immunoprecipitated from 3304 LSA cell lysate with 
FOCMA typing serum 3192A (a), Fel V-neutralising serum 
2934C (b) and contre! cat serum 2263A (c). Proteins immuno- 
precipitated from 3309 LSA cell lysate with feline sera 3192A, 
2934C and 2263A are shown in d, e and f, respectively. “H- 
glucosamine-labelled AKR murine leukaemia virus was subjected 
to co-electrophoresis with immunoprecipitates to serve as a marker 
for viral gp70 (©). 
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FeLV. 
FeLV neutralising 
Serum code Class* status? antibodył 
2934C 3 ~- >10 
2530A 3 — >10 
2584D 3 = >10 
2768B 3 ~- >10 
2904C 3 7 >10 
2263A 5 + <2 
2313A 6 + <2 
3192A 6 + <2 


Table 1 Antibodies in different classes of feline sera 
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RIA titres against 


1251 Jabelled FeLV proteins! 


FOCMA i 
antibody$ gp70 p30 pis. 
<16 80 320 646 
<16 1,286 640 

<16 20 

<16 80 
<16 40 2,560 
<16 <20 <20 <20 
32-64 <20 <20 <20 
128 <20 <20 <20 


ern etn cnrannarentecseet aE 

* Classification of Hardy et al.*. Class 1 cats are those uninfected cats not exposed to FeLV who do not have neutralising or FOCMA antibody. 
Classes 2, 3 and 4 cats are uninfected cats exposed to FeLV but not persistently infected with the virus; class 2 cats develop antibodies to FOCMA but 
no FeLV-neutralising antibodies, class 3 cats develop only neutralising antibodies and class 4 cats develop both types of antibodies. Classes 5 and 6 cats 
are persistently infected with FeLV; class 5 cats develop no Fel. V-neutralising or FOCMA-reactive antibodies, and class 6 cats develop only 


antibodies to FOCMA,. 


+ Immunofluorescent antibody tests of peripheral blood leukocytes’ ”. 


+ Titres are the reciprocal of serum dilution giving complete neutralisation of the ability of 40 infectious units of FeLV to induce fluorescent foci in 


cultured feline fibroblasts. 


§ Titres are reciprocals of serum dilutions staining at least 50% of 7.5 x 10° target feline transformed lymphoblastoid cells (FL74)°. 
| Titres are reciprocals of dilutions of monospecific rabbit immune sera still precipitating 2.5 ng of corresponding radioiodinated FeLV protein. 


d shows that antibodies in our FOCMA typing serum pre- 
cipitated a single protein species from LSA cells, regardless of 
whether these cells showed concomitant expression of FeLV 
structural antigens. In contrast, immunoprecipitation of a 
presumed FeLV gp70 molecule with the FeLV-neutralising 
serum from a class 3 cat was restricted to the FeL V-positive cells 
(Fig. 1b, e). The latter molecule was not precipitated by serum 
from the antibody-negative class 5 cat (Fig. 1c, f). The data 
shown are representative of results obtained in a series of 
experiments with biopsied tumour tissue from thymic, multi- 
centric and alimentary forms of feline LSA. Cells from LSAs of 
the thymus, lymph nodes, kidneys or blood, including tumours 
of both T- and B-cell origin, were analysed. The molecular 
weights of the molecules reactive with the gp70 and FOCMA 
typing sera were estimated to be about 70,000 daltons by virtue 
of their co-migration with *H-glucosamine-labelled AKR virus 
gp70 subjected to co-electrophoresis. A comparison by co- 
electrophoresis in slab gels of these molecules and several 
marker proteins of known molecular weight led to a similar 
conclusion. 

These results suggested that the virus-neutralising serum 
reacted with cell-surface FeLV gp70 and the FOCMA typing 
serum with a similarly sized molecule possessing different anti- 
genic characteristics. To clarify the reactivities in these sera for 
FeLV-producing transformed cells a standard target cell line 
was needed. For this, we chose the well characterised trans- 
formed feline lymphoblastoid line FL74 (ref. 5), the standard 
line used for detection of FOCMA antibodies in cat sera. These 
cells had been shown to produce FeLV of A, B and C serotypes 
and to express FeLV envelope and core protein antigens on their 
surface*’'*. A second transformed feline lymphoblastoid cell line 
(FOCMA-positive but not expressing FeLV antigens) recently 
established in our laboratories was also studied as a control 
(W.D.H. Jr et al., in preparation). 

In initial experiments (Fig. 2), using a radioimmuno- 
precipitation assay as described above, we verified that our 
FOCMA-reactive and FeLV-neutralising sera recognised cell 
surface molecules on FL74 cells which were similar to those 
detected on freshly biopsied tumour tissue. That the FOCMA- 
specific and Fel. V-neutralising cat sera were in fact recognising 
different 70,000-dalton molecules on these cells was established 
in absorption experiments. Absorption of FOCMA typing 
serum with normal cat lymph node cells (cells from six animals 
were tested, including one replicating FeLV), cultured unin- 
fected or FeLV-producing feline lung fibroblasts (FLF), or 
cultured heterologous mink lung fibroblasts (CCL64)'°, had a 
negligible effect on precipitation of FOCMA. However, 
absorption with LSA cells (three samples of FeLV producers 


and four FeLV nonproducers) or heterologous mink lung fibro- 
blasts nonproductively transformed by FeSV (64F3CL7 cells)” 
led to a sharp decrease in precipitating activity, such that 
electropheregrams resembled that obtained with antibody- 
negative cat serum (for example, Fig. 2c). Conversely, absorp- 
tion of precipitating activity in the Fel. V-neutralising serum was 
achieved with FeLV-infected normal feline lymph node cells, 
cultured FLE cells and LSAs, but not with FeL.V-uninfected 
cells of those types. In other experiments, complete absorption 


Fig. 2 SDS-PAGE analysis of '**I-labelled surface proteins of 
cultured transformed feline lymphoblastoid cells precipitated from 
cell lysates by antibodies in different classes of feline sera. The 
transformed feline lymphoblastoid cell lines studied were F174, 
producing FeLV of subgroups A, B and C, and 3201B, an FeLV 
nonproducer line established in this laboratory from a naturally 
acquired feline lymphosarcoma (W.D.H. Jr et al., in preparation). 
The cells were maintained as suspension cultures in T-75 plastic 
flasks (Falcon) using McCoy’s medium and 15% fetal bovine serum 
(FBS). Ceil surface proteins were radioiodinated, solubilised, 
immunoprecipitated and electrophoresed as described in the 
legend to Fig. 1. a-c show polypeptides immunoprecipitated from 
an FL74 cell lysate with FOCMA typing serum 3192A (a), FeLV- 
neutralising serum 2934C (b) and control cat serum 2263A (c). 
Polypeptides immunoprecipitated fram 3201B cells with feline 
sera 3192A, 2934C and 2263A are shown in d, e and f, respec- 
tively. @, "I c.p.m.; O, *H-glucosamine-labelled AKR gp70. 
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of reactivity in the Fel V-neutralising serum could be achieved 
with a 70,000 dalton fraction from purified FeLV obtained by 
gel filtration in the presence of 6M guanidine hydrochloride 
(GuHCl)'’, whereas fractions containing p30, p15 and p12 had 
negligible effects. No absorption of reactivity in the FOCMA- 
specific serum was achieved with any of these fractions of virus in 
a parallel experiment. The above results indicate that feline LSA 
cells express on their surface a 70,000-dalton molecule carrying 
FOCMA which can be distinguished serologically from cell- 
surface antigens related to FeLV structural proteins. 

FOCMA is also induced by FeSV infections, and evidence 
suggests that in this instance FOCMA may actually be encoded 
in the FeSV genome’, By gel filtration in 6 M GuHC] of proteins 
from mink cells nonproductively transformed by FeSV, 
Stephenson et al. detected a protein of 85,000 daltons (p85) 
expressing FeLV p15 and p12 and FOCMA antigens’. Pulse- 
chase experiments showed that this protein is cleaved to give a 
65,000-dalton species containing FOCMA and a 25,000-dalton 
species containing p15 and p12. In addition, Sherr et al. 
described a phosphorylated polyprotein in pseudotype feline 
sarcoma Virus virions (pp85) that seems to be analogous to the 
p85 precursor described above’®. Surface molecules of FeSV- 
transformed nonproducer mink cells (64F3CL7) carrying 
FOCMA were analysed by radioiodination, immunoprecipita- 
tion and SDS-PAGE (Fig. 3). In this case, two protein species 
were precipitated by FOCMA antiserum, and their mobilities in 
gels corresponded to the intracellular p85 and p65 species 
described previously. Neither species was precipitated by the 
control cat serum (Fig. 3a). Identification of the more slowly 
migrating species as p85 was supported by our finding that it was 
precipitated with rabbit antiserum to FeLV p12 (Fig. 3b) or p15 
(not shown) but was not reactive with anti-FeLV p30 (Fig. 3b). 
In a control experiment no protein species from similarly 


Fig. 3 SDS-PAGE analysis of 125] labelled surface proteins of 
nonproducer mink cell clones transformed by FeSV (64F3CL7) or 
by the Kirsten murine sarcoma virus (64J1) precipitated from cell 
lysates by antibodies in cat sera and immune rabbit sera. The cells 
were maintained as monolayers in plastic T-75 flasks (Falcon) using 
Dulbecco's high glucose medium and 15% FBS. Cell surface 
proteins were radioiodinated, solubilised, immunoprecipitated and 
electrophoresed as described in the legend to Fig. |. a, Poly- 
peptides immunoprecipitated from 64F3CL7 cells with FOCMA 
typing serum 3192A (@) and control feline serum 2263A (©): b, 
polypeptides precipitated from this lysate with rabbit anti-FeLV 
p12 (@), anti-p30 (©); c, proteins precipitated from a lysate of 64JI 
cells with 3192A serum. 
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labelled mink cells nonproductively transformed by Kirsten 
murine sarcoma virus was precipitated by the anti-FOCMA 
serum (Fig. 3c). These results suggest that the FOCMA-asso- 
ciated p85 and p65 molecules previously described in FeSV- 
transformed mink cells are associated with the cell membrane. It 
is likely that the p65 on 64F3CL7 cells is biochemically similar if 
not identical to the 70,000-MW species described on feline LSA 
cells. However, in an analysis of many primary feline LSAs we 
have not detected a larger species (that is, p85) containing both 
FOCMA and FeLV gag gene-coded antigens. This suggests that 
expression of a FOCMA-associated p85 species may be a 
unique feature of FeSV-transformed cells, and possibly of 
64F3CL7 cells in particular. 
The biological function of the FOCMA protein is unknown. 
Purification and further biochemical analysis of this protein 
should contribute to a better understanding of initiation and 
maintenance of neoplastic transformation. 
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Cytogenetic mapping of the trisomic 
segment of chromosome 15 
in murine T-cell leukaemia 


A NONRANDOM cytogenetic change in the form of trisomy of 
chromosome 15 is associated with mouse T-cell leukaemia 
induced by various agents, such as Gross, Rad and Moloney 
leukaemia viruses, X rays and a chemical carcinogen, 7,12- 
dimethylbenz(a)anthracene (DMBA)'™*. The uniformity of the 
chromosomal change and its apparent independence of the 
inducing agent suggest that it plays an important and perhaps 
decisive part in the neoplastic transformation of the mouse T 
lymphocyte. During our studies of the role of chromosome 15 
and related factors in lymphoma development, we have investi- 
gated whether any particular region of the chromosome needs to 
be duplicated. Using DMBA to induce T-cell leukaemias in 
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Fig. 1 Schematic illustrahon of two alternatives (a and b) for 
chromosome 15 triomic T-cell leukaemias in CBAT6TS6 mice. 


mice carrying chromosome 15 translocations, we have found, 
and now report that the duplicated chromosome segment is 
located distal to the T6 breakpoint of chromosome 15. 

T-cell leukaemias were induced by feeding DMBA to female 
and male CBAT6T6 mice (Weizmann Institute) as described 
elsewhere”. Overt leukaemias were transplanted sub- 
cutaneously to CBA recipients of the opposite sex. The 
chromosomes of leukaemic cells of the first passage generation 
were analysed by G banding. Banded metaphase plates were 
prepared from subcutaneous tumours, spleens and bone marrow 
by a slight modification of Wang and Fedoroff’s procedure’. 
Magnified photographs were used for karyotype analysis, and 
trisomic chromosomes were also identified under the micro- 
scope i metaphase plates with high banding quality. 
Chromosome identification followed the nomenclature of the 
Committee of Genetic Standardization’. Because all leukaemic 
cells originated from donor CBAT6T6 mice, they could be 
distinguished easily from host cells by the double critena of the 
sex chromosome and the T6T6 markers. The CBAT6T6 mouse 
carries the reciprocal translocation T(14:15)6 (ref. 8). 
Chromosome [5-trisomic T-cell leukaemias were expected to 
conform to one of the two patterns illustrated schematically in 
Fig. 1. 

Chromosome counts of six tumours are summarised in Fig. 2. 
Five out of six leukaemias were aneuploid; tumours with a 
modal number of 41 chromosomes and tumours with a modal 
number of 42 and 40 + 1 bi-armed (total 42) chromosomes. Only 
one tumour (mice 2 and 3) had a modal number of 40 chromo- 
somes. Table 1 shows the results of banding analysis. All five 
aneuploid leukaemias with a modal number of 41 and 42 


Fig.2 Chromosome (Chr.) constitution of cells originating from 

subcutancous (s c.) tumours, spleens and bone marrow of CBA 

nuce inoculated with DMBA-induced CBAT6T6 leukaemic cells. 
* 1 Bi-armed chromosome. 
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Table 1 G-banding analysis of leukaemic cells 


with aneuploid chromosome constitution 
Modal No. of plates 
Mouse chromosome analysed by Trisomy of 
no. no. banding chromosomet 
1 42 14+8* T(14:15% 
2 40 20+10* 
5 40+1B 15+15" TG4:15% 
9 42 10+5* T(14:15)6 
10 42 12+4* T(14:15% 
11 4i 10+8* T(14.15}6 


B, bt-armed. The bi-armed chromosome was formed by centromeric 
(Roberstonian) fusion between one of chromosomes T(14:15)6 and 
chromosome 12. 

* Karyotyped from magnified photos. 

t The second trisomy involved mostly chromosomes 2,6 and 19. 


chromosomes had a trisomy T(14:15)6 (Fig. 3). The second 
trisomy of tumours with a modal number of 42 chromosomes 
was distributed randomly, involving mostly chromosomes 2, 6 
and 19. The banding pattern of the single tumour with a modal 
number of 40 chromosomes was indistinguishable from a diploid 
CBAT6T6 cell. 

These results show that the gene(s) that tend to be duplicated 
during DMBA leukaemogenesis are located distal to the T6 
breakpoint of chromosome 15. The consistency of the change 
further emphasises the specific role of genes associated with 


Fig.3 G-banded and metaphase plate of a leukaemic 

cell originating from a female CBAT6T6 mouse and inoculated s.c, 

into a male CBA mouse. Note the presence of tnsomy T(14:15)6 
(arrows). The second trisomy invotved chromosome 6. 
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chromosome 15 in T-cell leukaemia. However, the occurrence 
of a diploid leukaemia in one tumour shows that the change is 
not exclusive. This agrees with previous findings on AKR and 
the RadLV leukaemias'”. In possible analogy with the present 
work, a specific chromosome aberration affecting one 
chromosome 14 was found in human B-cell derived neoplasias’, 
suggesting that certain chromosome segments carry genes that 
are critical to the neoplastic growth of given target cells. 

This investigation was supported by grant no. 2R§1CA 
14054-06, awarded by the NCI, DHEW and by a grant from the 
Swedish Cancer Society. We thank Miss Agneta Manneborg for 
technical assistance. 
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An inducible gene involved 
in commitment 
of lymphocytes to transform 


CONCANAVALIN A (Con A) stimulates nondividing lympho- 
cytes (in Gy) to transform and enter the division cycle’. Within 
3h a significant proportion of the cells become committed to 
transform and do so after the removal of Con A (ref. 2). When 
the translation of mRNA into protein is inhibited (by low 
concentrations of anisomycin) lymphocyte transformation is 
also blocked*®. Anisomycin has proved particularly useful in 
studying lymphocyte transformation because its effect is rever- 
sible: in the presence of ConA it holds the cells in Gp, 
apparently without adverse effects, and the cells transform 
following its removal’. Using anisomycin it has been shown that 
Con A induces the synthesis of factor(s) which commit lympho- 
cytes to transform’. I have examined the stability and nature of 
the ‘transformation signal’, again exploiting the reversible effect 
of anisomycin, and report here that on binding to the surface of 
nondividing lymphocytes, Con A induces the transcription of a 
short-lived mRNA. This mRNA encodes a ‘transformation 
factor’ which, when translated, commits lymphocytes to enter 
the division cycle; extracellular Con A is no longer required. 

Spicen cells from BALB/c mice (6-10-week-old males) were 
cultured in RPMI medium (see legend to Table 1). Trans- 
formation was measured by the incorporation of tritiated thy- 
midine CH-TdR) into cellular DNA over 48-50 h; the stimula- 
tion index was calculated as the ratio of c.p.m. in Con A-treated 
cultures to c.p.m. in control cultures. The mitogenic response to 
Con A peaked at | »gml”' and this concentration was used 
routinely. Anisomycin (10 ng ml~') was used to hold Con A- 
treated cells in Ga for the first 24h in culture, after which 
extracellular ConA was removed using a-methyl-p- 
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Fig. 1 Plan of experimental procedures described in the text. a, 
The ¢,,2 of the transformation signal was estimated by treating 
BALB/c spleen cells with Con A (1 pg ml) plus anisomycin 
(10 ng ml’) for 24h. Con A was removed at 24 h using a-methyl- 
D-mannoside (50 mM), and anisomycin was continued for a 
further 2 or 4h before it also was removed. The cells were then 
cultured in normai medium and “HTdR was added at 48 hfor 2 hto 
assess DNA synthesis. The cells were collected at 50h. b, The 
possibility that the transformation signal might be mRNA was 


a further 2 h after the removal of Con A plus a-amanitin. The cells 
were subsequently cultured and labelled as above. a = a-amanitin. 


mannoside*. Additional experimental procedures are sum- 
marised in Fig. 1. 

The stability of the transformation signal was estimated by 
continuing anisomycin for various periods after the removal of 
Con A. The cells recovered and transformed when anisomycin 
was continued for 2h after Con A removal but when it was 
continued for 4h after Con A removal cell transformation fell 
by 60% (Table 1). This indicates a half life (¢,,.) of approxi- 
mately 3-4 h for the transformation signal (in the presence of 
anisomycin). This relatively short t,,. suggests that it must be 
continually expressed in Con A-treated cells held in Gy for 24h 
(by anisomycin) because the cells transform following the 
simultaneous removal of mitogen plus inhibitor’. Continuous 
production of the transformation factor presumably depends on 
the continued presence of Con A, as the ability of the cells to 
transform fell rapidly 2 h after the removal of Con A (Table 1). 

a-Amanitin, a selective inhibitor of mRNA transcription*”, 
was used to examine the possibility that the transformation 
signal might be a species of mRNA transcribed in response to 
Con A. If the signal is Con A-dependent mRNA, with a f of 
3-4h, it follows that cell transformation should decline 
markedly when mRNA transcription (in the presence of Con A) 
and translation (in the absence of Con A) are inhibited sequen- 
tially for 2 h each. Again, spleen cells were cultured with Con A 
plus anisomycin for 24 h. a-Amanitin (10 pg ml’) was added to 
the cultures at 22h and removed at 24h, together with the 
Con A (Fig. 16). Anisomycin was continued for a further 2 h 
before it also was removed. Experimental controls showed that 
continued exposure to a-amanitin blocked transformation, 
whereas cells recovered and transformed when exposed to 
either a-amanitin at 22-24 h or continued anisomycin for 2 h 
after Con A removal (Table 2). However, transformation fell by 
50% in those cells treated with @-amanitin 2h before and 
anisomycin 2 h after the removal of Con A. In other words, the 
sequential inhibition of mRNA transcription and translation for 
a total of 4h resulted in a 50% drop in cell transformation, 
consistent with the transformation signal being mRNA. 

Interpretation of these results clearly depends on the actions 
of the two antibiotics a-amanitin and anisomycin, In cell-free 
systems, each has been shown to be highly selective: anisomycin 
blocks peptidyl transferase activity on 80S ribosomes? and 
@-amanitin inhibits RNA polymerase [I*? (mRNA synthesis). 
At very high concentrations (2200 pg mi~’) a-amanitin also 
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Table 1 and transformation after prolonged anisomycin 
inhibition for 1, 2 and 4 h after removal of Con A (see Fig. 1a) 
*H-TdR 
incorporation Stimulation 
Treatment (c.p.m.) index 
Untreated contro] 2,645 — 
Con A throughout 48,273 18 
I4 Con A+ anisomycin 3,267 Le 
throughout 
Con A removed at 24 h 44,842 17 
Con A+ansomycin, removed 39,287 15 
at 24h 
Con A+anisomycin, removed 48,346 18 
O4 at 25h 
Con A+ ansomycin, removed 42,375 16 
at 26h 
Con å + ansomyan, removed 17,290 6.5 
at 28h 


BALB/c spleen cells exposed to Con A (1 pg mi~ +) and ansomyan 
(1ngml”*): the fi} of the transformation factor was determined by 
‘continuing anisomycin inhibition for various periods after removal of 
Con A at 24 h, Washed spleen cells from a single mouse were diluted to 
510° ml~' wth RPM1 plus 100 IU mi” and 100 pg mi~’ 
streptomycin. Aliquots (100 ul) were dispensed unto flat-bottomed wells 
of a microtitre tray and cultured in a huoudified atmosphere of 10% CO, 
in ar at 37°C. After removal of Con A (group H) the medium was 
replaced with Con A-free medium plus a methyl-D-mannoside 
(50 mM) to displace any cell~bound Coa A (ref. 3). At 25 h the medium 
was replaced with normal medium. Anisomycin (10 ng ml’) was added 
to the replacement media for 1, 2 or 4h after the removal of Con A; 
thereafter, 1t was replaced with normal medium. Transformation was 
assessed by measuring DNA synthesis using standard techniques after 
labelling each culture with 2 pCi [6-*H]thymidine (specific activity 
5 Cı mmol’) for 2 h at 48-50 h. Each value represents the mean of four 
cultures. 


inhibits RNA polymerase II’ (tRNA and 5S RNA synthesis). 
Intact cells are reputed by some to be impermeable to a- 
amanitin and this seems to be true for rat hepatoma cells’. 
However, this is not a generalised phenomenon and normal rat 
liver cells in vivo*, adrenal cortical cells” and lymphocytes in 
vitro (this work) are all sensitive to a-amanitin at concentrations 
known to block mRNA synthesis selectively. a~-Amanitin may 
also indirectly affect rRNA synthesis which seems to depend on 


Table 2 Recovery and transformation after the sequential inhibition of 
mRNA transcription (by a-amanitm) and translation (by anszsomycin) 
for 2 h each (see Fig. 1b) 


°H-TdR 
incorporation Stimulation 
Treatment (c p.m.) index 
Untreated control 550 = 
Con A 52,000 95 
Con A + a-amanitin 480 0.9 
I throughout 
Con A+ ansomycin 4,108 8 
throughout : 
Con A 34,708 63 
Con A+a-amanitin for 2 h, ‘at 29,261 53 
22-24 h | . 
Con At+animomycin continued 28,100 51 
for 2h after Con A removal 
Con A+ @-amanitin (2 h at 22- 13,307 24 
24 h)+ anisomycin 


(continued for 2h after 
removal of ConAt+ea 
amanitin) 





BALB/c spleen cells cultured and labelled as described in the legend 
to Table 1. Group I, ConA present throughout, group I, ConA 
removed at 24 h. Anisomycin (10 ng ml~*) and a-amanıtın (10 pg ml?) 
were added to the culture medium as indicated Each value represents 
the mean of four cultures. 
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mRNA with a fa of about 20 min (see ref. 10, in which 
actinomycin D, rather than a-amanitm, was used). If rRNA 
synthesis in lymphocytes is similarly affected by a-amanitin the 
effect must be reversible, as inhibition for 2 h is reversible (Table 
2). It follows that the present results with a-amanitin cannot be 
attributed to an indirect affect on rRNA synthesis. 

Using a-amanitin and anisomycin as inhibitors of mRNA 
transcription and translation respectively it has been shown that 
(1) the transformation factor in lymphocytes seems to be coded 
for by mRNA; (2) the mRNA has a tin of 3—A h; (3) extracel- 
lular Con A is necessary for its continuous production when cell 
transformation is blocked by anisomycin. The effect of 
anisomycin 1s reversible and when mRNA translation is allowed 
to proceed normally (within 2h of Con A removal), the cells 
transform independently of extracellular Con A On the basis of 
these observations it 1s postulated that ConA induces the 
transcription of a new species of mRNA(s) in lymphocytes 
When this mRNA is translated the newly synthesised protein 
takes over and commits the cells to enter the division cycle; 
extracellular Con A 1s no longer required. 
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Release of vasoactive intestinal 


polypeptide in 
mast cells by histamine liberators 


VASOACTIVE INTESTINAL POLYPEPTIDE (VIP), onginally 
isolated from porcine duodenum’, is a potent relaxant of vascu- 
lar and nonvascular smooth muscle’, and a stimulant of adenyl- 
ate cyclase activity’*. The peptide has been localised in endo- 
crine cells in the gastrointestinal tract and pancreatic islets*“, as 
well as in nervous structures in these and other organs’, the 
peripheral autonomic nervous system and selected areas of the 
brain® *', We report here mmunological evidence that VIP, ora 
closely related peptide, occurs in mast cells, from which it can be 
released by compound 48/80 or by the Ca? ionophore 
A23187. © 

Rat peritoneal mast cells were collected from the peritoneal 
cavities of rats. Under ether anaesthesia, the rats were injected 
intraperitoneally with 12 ml of Sorensen phosphate buffer, 
pH 7.0. The rats were killed with ether 5-10 min later, their 
abdomens were opened and the peritoneal fluid removed and 
centrifuged at 400g for 8 min. The cell pellet, resuspended in 
2-3 ml of buffer per rat, contained approximately 10° mast cells 
(10% of the total cell population). Aliquots of washed cell 
suspensions were incubated for 15 min at 37°C with 0.1 ug per 
ml of compound 48/80 (Burroughs-Wellcome) or 1 ug per ml of 
Ca** ionophore A23187 (Lilly). After incubation the media 
were separated from the cells by centrifugation at 400g for 
8 min. The supernatants were decanted and then assa for 
VIP immunoreactivity by a specific radioimmunoassay’? sensi- 
tive to 10 pg per ml, and for histamine by the fluorometric 
method of Shore’™’. The amounts of the peptide and amine 
released were expressed as per cent of their respective total 
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Table 1 VIP and histamine in rat peritoneal mast cells 
p 


VIP Histamine 
Total content (ng miy’ 3.6+ 0.8 (6) 689.3 + 3 (6) 
Release (% of total) 
48/80 45410 (5) 48+ 4 (5) 
A23187 50+ 10 (4) 67 +6 (4) 





Figures are means +s.e.m.: numbers of determinations are in paren- 
theses. 


content, measured after disrupting the cells by boiling in water 
for 3 min. 

The mean VIP content in suspensions of rat peritoneal mast 
cells (3.6+0.8ng per ml or 1.4ng per 10° mast cells) was a 
fraction of their histamine content (689.3 +3 ng per ml); 1 ml 
contained approximately 410° mast cells. Incubation of the 
cells with compound 48/80 or with A23187 provoked release of 
the peptide in proportions similar to those of the associated 
histamine release (Table 1). 

For immunohistochemical studies, VIP antibodies were 
raised in rabbits against porcine VIP (GIH Laboratory, Stock- 
holm), and included the same antibody (89N) used for 
radioimmunoassay, and two others (TR, and TR;). Samples of 
lung and small intestine were obtained from adult and newborn 
Wistar rats and from mice, and were processed for immuno- 
histochemistry according to the method of Pearse and Polak’. 
The samples were quenched in melting Arcton 22, freeze-dried, 
vapour-fixed in recrystallised benzoquinone at 60 °C for 3 hand 
embedded in paraffin; sections were cut at 5-7 um. Pellets of rat 
peritoneal mast cells were processed for immunohistochemistry 
in the same way. The indirect immunofluorescence technique 
(24-48 h incubation at 4 °C) was carried out using the three VIP 
antibodies (dilutions 1:5 to 1:100), and antibodies against 
porcine secretin, synthetic human G-17 gastrin and porcine 
glucagon. As a second layer, fluorescein-labelled goat anti- 
rabbit IgG was used. The following control procedures were 
carried out: (1) incubation with VIP antisera (1 :5)to which pure 
VIP (60 pmol per ml) had been added; (2) the first layer was 
replaced by non-immunised rabbit serum or phosphate buffer; 
(3) incubation with the second layer only. Following examina- 
tion under the fluorescence microscope the sections were 
stained with toluidine blue (pH 5) to identify and confirm the 
presence of mast cells. 

Sections of rat and mouse lungs incubated with VIP antisera 
(up to 1: 100 dilutions) showed strong positive fluorescence in 
mast cells in perivascular, peribronchial and interstitial locations 
(Fig. 1). Examination at higher magnification revealed that VIP 
was locahsed within mast-cell granules (Fig. 1 inset). Mast cells 


Fig.1 Many strongly fluorescent, VIP-immunoreactive mast cells 
in rat lung, Mast cells are scattered in the connective tissue, but 
some are concentrated along the wall of a blood vessel (BV). 
(indirect immunofiuorescence method, VIP antibody TR>, 1:50, 
x400.) Inset, higher magnification {x 900) of mast cells showing 
VIP immunoreactivity confined to cytoplasmic granules (arrow). 
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in sections of small intestine and in cell preparations from 
peritoneal lavage also showed strong VIP immunoreactivity. No 
fluorescence was observed with VIP-treated VIP antisera, or 
with the antisera against the other peptides. Mast cells were 
cross-identified in sections stained with toluidine blue; the cells 
contained typical metachromatic granules and their size, 
appearance and distribution were identical to those of VIP- 
immunoreactive cells. 

The demonstration of immunoreactive VIP in mast cells from 
different locations from two mammalian species, and the release 
of the peptide by histamine releasers suggest interesting 
functional implications. The mast cell is the principal target cell 
in immediate hypersensitivity, playing a key part in anaphylaxis, 
extrinsic (allergic) asthma, hay fever and other IgE-dependent 
immunological responses'’. The release of VIP by the ion- 
ophore A23187 is of special interest as this agent releases 
histamine by a mechanism similar to that of anaphylaxis'®. As 
VIP stimulates the production of cyclic AMP in the lung and 
other tissues”*, and as agents which promote cyclic AMP accu- 
mulation in the lung also inhibit mediator release”, VIP could 
have an important modulating influence on the release of 
histamine and other mediators from mast cells. 

Further, VIP may, when discharged from pulmonary mast 
cells, exert its relaxant actions on bronchial and vascular smooth 
muscle’, providing another level of modulation of airway and 
vascular responses by the peptide. 

VIP immunoreactivity has been reported in peptide extracts 
of normal porcine lungs". The evidence presented here of VIP 
immunofiuorescence in pulmonary mast cells provides an ana- 
tomical basis for that finding. Finally, mast cells are widely 
distributed in connective tissues of various organs of the body 
and are generally concentrated along the blood vessels. VIP in 
mast cells is therefore in a position to influence local or regional 
blood flow, in normal or pathological conditions. 

We thank Dr J. Gauldie, McMaster University, for help with 
the production of VIP antibodies TR; and TR,. This work was 
supported in part by a grant from the Ontario Thoracic Society 
and by a Lung Center Award from the National Heart, Lung and 
Blood Institute, USPHS. 
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Are dopamine receptors accessible 
to intracellularly applied agonist? 


THERE is much evidence that receptors to neurotransmitters 
are generally on the outer surface of cell membranes’. The 
experiments reported here raise the possibility that acinar cells 
of cockroach salivary glands may be activated intracellularly as 
well as by extracellularly applied agonists. 

Studies were performed using the isolated innervated salivary 
gland of Nauphoeta cinerea (Olivier) bathed in flowing solution 
(2 ml min™') containing (mM) NaCl, 160; KCI, 1; CaCl, 5; 
Tris-HCI pH 7.6 buffer, 5 and mounted as previously described‘. 
Cells were impaled with microelectrodes containing agonists in 
concentrations of up to 1.0M dissolved in either potassium 
acetate or KCI. The electrodes were used not only for intracel- 
lular recording but also for ejecting the agonist by means of 
current pulses. The reservoir ducts were drawn into a small 
suction electrode to allow stimulation of the salivary nerve. 
Figure 1a shows two successive responses of an acinar cell, N to 
a single nerve stimulus and D to the application of a current 
pulse to the intracellular electrode equivalent to a charge of 
40 nC. The responses can be seen to be very similar. In Fig. 1b 
the response to a burst of nerve stimuli, N, is followed by three 
responses to increasing ionophoretic charges and it can be seen 
that there is a graded relationship between amplitude of 
response and charge. 

Intracellular applications of dopamine were made to about 
100 cells and responses were obtained from about two-thirds of 
these. In a few experiments responses were also obtained from 
intracellular applications of adrenaline, noradrenaline and 5- 
hydroxytryptamine which, like dopamine, have also been shown 
to be effective when applied extracellularly’. 

Two possible explanations for these responses are (1) recep- 
tors are activated intracellularly by the ionophoretically applied 
agonists or (2) the receptors on the outer membrane surface are 
activated by agonist which has leaked through the membrane. 
Attempts to distinguish between (1) and (2) have so far been 
inconclusive. In one experiment we compared the sensitivity of a 
series of cells to extra- and intracellular application from the 
same ionophoretic pipette. The cell was first impaled with a 
separate recording electrode, the ionophoretic pipette was 
brought as close as possible to the outer surface of the acinus and 
a response to a pulse of dopamine was elicited. An attempt was 


Fig. 1 a, Lower trace, voltage; upper trace, current passed 
through recording electrode. N, intracellularly recorded response 
to a stimulus applied to the salivary nerve; D, response to a 
dopamine pulse ejected by a 100 nA current for 0.4 s. Downward 
deflection corresponds to hyperpolarisation. The electrode 


contained 0.7 M dopamine and 1 M potassium acetate. b, Intracel- 

lular response, N, to a burst of three nerve stimuli followed by 

responses to three pulses of dopamine ejected from the intracel- 

lular electrode by currents of 100 nA for durations of 0.2, 0.4 and 

0.6 s respectively. The electrode contained 0.3 M dopamine and 
1 M potassium acetate. 
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Fig. 2 Effect of phentolamine on intracellularly recorded 
responses from the same cell. a, Int, pulses of dopamine ejected 
from the intracellular electrode (100 nA for 0.4 s}; Ext, pulses of 
dopamine ejected from an extracellular pipette (200 nA for 
0.08 s). Both electrode and pipette contained 0.5 M dopamine and 
3M potassium acetate. Top records, control; middle records, 
during recovery from a short exposure to 150 pM phentolamine; 
bottom records, in 25 pM phentolamine. Å, part of time course of 
experiment from which records in a were taken. ©, Intracellularly 
applied dopamine; C, extracellularly applied dopamine. 


then made to insert the ionophoretic pipette. The initial record- 
ing electrode was usually dislodged in the process but this did not 
matter because if the cell was successfully impaled with the 
ionophoretic pipette it could also be used for recording. Little 
difference was found between the maximum sensitivities with 
the two different methods of application. For an electrode 
containing 50mM dopamine in 3M potassium acetate the 
largest value for the ratio of response to ionophoretic charge was 
3 mV nC"! for intracellular and 2.3 mV nC™ for extracellular 
application. (If it is assumed that half the current is carried by 
cations and that the transport number of the dopamine ion is the 
same as that of K*, 1 nC would correspond to the ejection of 
about 107'* mol; this would give rise to an internal concen- 
tration of about 10°’ M if the dopamine was uniformly dis- 
tributed throughout an acinus of the usual diameter of about 
100 pm.) This result might be thought to argue against the 
leakage hypothesis, (2), but the result of a second type of 
experiment was found to be consistent with it. Cells were 
impaled with one ionophoretic pipette for intracellular record- 
ing and dopamine application and a second similar pipette was 
placed close to the acinar surface for extracellular dopamine 
application. After matching responses were obtained, phen- 
tolamine, which is known to antagonise extracellularly applied 
dopamine’, was added to the flowing bathing solution. Respon- 
ses to both intracellular and extracellular dopamine were 
reduced to the same extent (Fig. 2); thus the leakage hypothesis 
cannot be rejected. However, as phentolamine may be able to 
leak into the acinar cells, the possibility that the receptors might 
be accessible from both sides of the membrane cannot be 
excluded. 
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lonophoretic model 
for Na-Ca counter transport 


IN most mammalian cells the cytosolic concentration of free 
ionised Ca** is thought to approximate 10 4^-10 7 M, whereas 
the extracellular Ca** concentration is close to 107° M (ref. 1). 
The efflux of Ca** across the cell membrane, which takes place 
against an electrochemical gradient, ts apparently meditated 
either by a Ca**-stimulated ATPase’ or by a Na-Ca counter 
transport process. In the latter process, the entry of Na* into the 
cell, which is a passive event driven by the electrochemical 
gradient of Na” across the plasma membrane, is thought to be 
coupled with the uphill outwards transport of Ca’* (ref. 3). 
Although a possible modulatory effect of ATP on such a process 
has been suggested, it is generally assumed that the Na-Ca 
counter transport mechanism does not consume ATP (discussed 
in ref. 4). Because several passive ionic movements (such as the 
influx of Na? or Ca’* into the cell) could be mediated by native 
ionophoretic molecules, we have explored whether it was 
possible, using an artificial system for the study of tonophoresis, 
to reproduce the major characteristics of the Na-Ca counter 
transport process. We report here our success. 

A CCl, organic phase (3.2 ml) containing Br-XS37A 
(1.4 mM, Roche) was placed in the bottom of a Pressman cell’. 
lonophore Br-X537A was used because it transports both 
monovalent and divalent cations®. The composition of the 
supernatant aqueous phases (1.6 ml) which was placed in each 
chamber of the Pressman cell is given in the legend of Fig. 1. 

At the end of the experiments—after 24 h—the immiscible 
organic phase contained only trace amounts of **Na, represent- 
ing no more than 0.22 +0.05% of the total radioactivity in the 
system. The “Ca content of the final immiscible phase was 
greater. Relative to the total amount of radioactivity present in 
the system and with 4 mM Ca’** in each chamber, it averaged 
4.5+0.7%(n = 13) and 11.8 1.0%(n = 8) in the presence of 
Na* (121 mM in both chambers) and the absence of Na’, 
respectively. These values correspond to apparent calcium 
concentrations, in the immiscible phase of 0.18+0.03 and 
0.47+ 0.04 mM (as distinct from 2.4 + 0.9 uM in the absence of 
X537A). 

In the absence of ionophore, no significant amount of **Na 
ever seemed to be translocated. Relative to the total amount of 
“°Ca present in the system, the transfer rate for **Ca averaged no 
more than 0.21 +0.03% perh. 

In the presence of Br-X537A but in the absence of ionic 
gradient, that is when both aqueous phases had the same ionic 
concentration at time zero, **Ca (which was added to only one of 
the chambers) moved towards the other chamber, and even- 
tually the radioactivity was equally distributed among both 
chambers (Fig. 1, left). At the same Ca** concentration (4 mM), 
the initial rate at which the radioactivity moved from one 
chamber to the other was greater in the absence than in the 
presence of Na* (120 mM). The latter observation is consistent 
with the fact that Na* decreases the ability of the ionophore to 
translocate *°Ca into an organic immiscible phase (our unpub- 
lished observation). When 4 mM Ca** and 120 mM Na’ were 
present in both chambers, **Na was transferred relatively slowly 
(approximately 1.0% of the total radioactivity transferred per h) 
so that, even after 24 h, the partition equilibrium for Na was 
not reached. 

The pattern for *°Ca translocation was different when an ionic 
gradient was imposed on the system at time zero. When 
4 mM Ca** was present in both chambers, but Na” was dis- 
tributed asymetrically (120 mM out (O) and 6 mM in (1)), most 
of the *°Ca initially added to the I compartment was transferred 
to the O compartment. After 24 h, more than 80% of the total 
radioactivity was recovered in the O chamber. This occurred 
independently of any electrical gradient, also being observed 
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when the two chambers were connected by an agar-agar bridge 
(4%, w/v, in Hartmann’s solution Na* 158 mM, K* 5 mM, 
Ca** 2 mM, Cl 139 mM, CH, — CHOH ~— CQ; 28 mM). When, 
in addition to the Na* gradient (120 mM O and 6 mM J), a Ca** 
gradient (0.2 mM I and 4 mM O) was also introduced, up to 
90% of the “Ca initially present in the I compartment was 
transferred to the O compartment. A dramatic uphill trans- 
location of **Ca™ (I >O) also occurred when only a trace of 
*8Ca** (1.0 pM) and no *°Ca** was added to the I chamber (data 
not shown). These observations indicate that *°Ca can move 
against the Ca** gradient. The initial rate of “Ca transfer was 
much greater when the Ca** gradient was superimposed on to 
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Fig.1 Transfer of *°Ca (upper graphs) and “*Na (lower graphs) in 
a Pressman cell, across an immiscible organic phase containing 
Br-X537A. The aqueous phases consisted of a Hepes solution 
(25 mM) buffered to pH 7.0 with either NaOH or Ca(OH) and 
containing, as required, CaCl,, NaCl and trace amounts of Cach 
(0.5-1.0 pCi ml!) or NaCl (0.25 pCi mi~’). The organic phase 
was stirred continuously (about 120 r.p.m.) with a magnetic bar, 
the experiments being carried out at room temperature (about 
22°C). At the onset of the experiments and af timed intervals 
thereafter, a sample of the aqueous phase (0.05 mi) was removed 
from each chamber and examined for its radioactive content by 
liquid scintillation counting. The observed radioactivity was cor- 
rected for the change in volume due to the sampling procedure. 
Evaporation was minimised by the use of a glass cover and was 
corrected for by expressing individual data as a percentage of the 
total radioactivity recovered at each sampling time in both the I and 
O chambers. In the left panels, both aqueous phases contained 
Ca°* (4 mM) in the presence (&) or absence (@) of Na” (120 mM). 
The control data for *°Ca translocation obtained in the absence of 
Br-X537A are also shown (©). In the right-hand graphs, a Na” 
gradient (120 mM O, and 6 mM 1) was always used, either the same 
Ca** concentration (4 mM) being initially present in both aqueous 
phases (©) or a Ca?” gradient (0~ 0.2 mM I, and 4 mM O) being 
superimposed on the Na” gradient (@). The data for *"Ca always 
refer to the radioactivity found in the O compartment, whether 
*°Ca was initially located in the I (ascending curves) or O (upper flat 
curve) chamber, The data for **Na always refer to the radioactivity 
found in the | compartment, the tracer being tn all cases initially 
located in the O chamber. In the inset (upper right graph), the data 
for *°Ca transfer (@) are shown in a semi-logarithmic plot, the 
difference between equilibrium and observed values for *°Ca being 
ranged on a logarithmic scale. Mean values (-s.e.m.) refer to 6-12 
individual experiments. 
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the Na* gradient than when only the Na” gradient was initially 
present (Fig. 1, right). This difference is attributable to the much 
lower initial Ca?* concentration (0.2mM compared with 
4.0 mM) in the I compartment, so that much more radioactivity 
moved from I to O even if the same total Ca?* was translocated 
in the same direction. Using a comparable experimental design 
(that is Na* 120 mM O and 6 mM I; Ca”* nil I and 4 mM O) but 
with **Ca initially located in the O chamber, about 95% of 
radioactivity remained in the O chamber, even after 24h of 
incubation. In all these experiments, “Na (which was initially 
located in the O chamber) moved in the I chamber at a-rate 
comparable with that seen in the absence of Na” gradient (Fig. 1, 


lower graphs). Less than 15% of the total “Na was transferred 


from the O to the I chamber after 24 h of incubation. 

The true concentration of Na* and Ca’* in the two chambers 

was also measured. In the absence of ionophore, Na* and Ca** 
concentrations remained close to their r ive initial values, 
whatever the experimental conditions (data not shown). In the 
presence of the ionophore Br-X537A and with a Na” gradient 
(Na* 120 mM 0, and 6 mM I; Ca**4mM on both sides), the 
Ca?* concentration progressively decreased in the I compart- 
ment and concomitantly mcreased in the O compartment at a 
. mean rate of 0.48+0.02 mM perh, so that 96% of the total 
amount of Ca** was present in the O chamber at the 8th h. In the 
presence of both Na* and Ca** gradient (Nat 120 mM O and 
6 mM I; Ca?*'4 mM O and nil I), no significant translocation of 
Ca?* was observed, the concentration of Ca** plateauing at 
4.06 + 0.04-mM in the O chamber and no detectable amount of 
Ca?* (less than 0.1 mM) appearing in the I chamber, even after 
24 h. In both types of experiment, the Na* concentration slightly 
decreased in the O chamber and concomitantly increased in the I 
chamber at a rate not exceeding 0. 8+0.3 mM per h. Even at the 
24th h, the concentration of Na* remained six to seven times 
higher in the O than in the I chamber. 
_ The experimental condition which mimics more closely the 
situation encountered in most mammalian cells corresponds to 
the following distribution: in the O chamber (that is the 
extracellular fluid) Na* 120 mM and Ca** 4 mM; in the I cham- 
ber (that is the intracellular compartment) Nat 6mM and 
Ca?*.< 0.2 mM. In such conditions the initial rate of transfer of 
radioactivity ave raged 0.9% per h for ”Na(O >I) and at least 
88.0% per h for “Ca(l >O; see inset Fig. 1). These values 
correspond to cationic fluxes of 1.1 mM Na* per h and 
0.2 mM Ca?” per h. In hving cells, three to four sodium ions are 
thought to enter the cell for each Ca** ion extruded by the 
Na—Ca counter transport process’. 

In conclusion, Br-X537A can represent a model for the 
Na-Ca counter transport process. Our results show that a Na* 
gradient can be sufficient to maintain a Ca’* gradient and to 
insure the transport of Ca’* against such a gradient by ion- 
ophoresis. 

This work was supported by a grant from the Belgian Foun- 
dation for Scientific Medical Research. .We thank M. Mahy for 
technical assistance. 
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Potassium channels in the 
apical membrane of the toad gallbladder 


' IT has been demonstrated that the apical and the basolateral cell 


membrane of the gallbladder have a high K* permeability’? and 
that the electrochemical potential for potassium in the cytosol is 
about 50 mV more positive than that in the bathing solutions’. 
Because of the existence of an (Na‘, K*)ATPase* which is 
located on the basal lateral surface of the epithelial cells’, it is 
possible that K* is actively transported in the cells at the serosal 
side and partially leaves the cellular compartment through the 
apical membrane under the influence of its electrochemical 
gradient. In the present study we have investigated this hypo- 
thesis by analysis of the current fluctuations recorded in voltage- 
clamp conditions. This method has been shown to be very useful 
for the investigation of the kinetic properties of ion transport in 
such different biological tissues as nerve, postsynaptic 
membranes” and epithelia®, We have found K’*-selective 
channels which open and close randomly in the apical 
membrane of the toad gallbladder. However, this study did not 
reveal the presence of fluctuating ionic channels in the serosal 
membrane. 

The gallbladder epithelium of the Mexican toad Bufo marinus 
was mounted in a modified Ussing chamber with a free surface of 
0.16 cm*.. With Na Ringer’s solutions (115 mM NaCl, 1 mM 
CaCl,,1 mM MgCl, 1.08 mM K,HPO, and 0.36 mM KH2PO,) 
on both sides, the transepithelial resistance was 212415 Q cm 
(n = 79) and the transepithelial potential was 0.44+0.16mV 
(n = 34), serosa positive. Strong amplification of this potential 
reveals that it is not constant but fluctuates around its macros- 
copic mean value. These voltage fluctuations were clamped to 
zero with a low-noise voltage-clamp circuit using a FET input 
amplifier’. The resultant current noise signal was sampled at a 
frequency of 500 Hz. The power spectrum of a time series of 
2,048 data points was calculated on a PDP11/34 computer. The 
final spectra represent an average of 40 records. 

With Na Ringer’s on both sides, we observed a spontaneous 
lorentzian component in the power spectrum in 30 of 95 blad- 
ders (curve a in Fig. 1A). The plateau value (So) and the corner 
frequency (f.) could be quite accurately determined in 16 blad- 
ders: So =3.7+0.8x 107° A?scm™ and f,=4.0+0.2 Hz. In 
many cases, as in curve a of Fig. 1B, there was also a low- 
frequency noise component. In most of the experiments the 
lorentzian component was either masked by low-frequency 
noise or its intensity was too small to be detectable. The lorent- 
zian noise component could be caused by one of the following 
mechanisms: (1) conductance fluctuations in one of the cell 
membranes or in the paracellular shunt produced by ‘ open and 
close’ kinetics of ion-selective channels; (2) fluctuations in the 
active idn-transport flux in the case of an electrogenic transport 
mechanism. The relaxation time, 7, of the process we measured 
can be calculated from f,; thus, r = 1/(2zf.), being in this series 
of experiments 41 +2 ms. The addition of a metabolic inhibitor 
(3 mM KCN +3 mM sodium iodoacetate) to the serosal solution 
resulted in a complete disappearance of the lorentzian 
component within 20 min (Fig. 1A). The application of 1 mM 
ouabain to the serosal solution caused a slow decrease of So with 
a concomitant increase of f, (Fig. 1B). From these experiments it 
cannot be concluded that the underlying transport mechanism is 
an active one because the inhibition of active transport reduces 
the electrochemical gradients across the mucosal and the serosal 
membrane’. Consequently, it is possible that the metabolic 
inhibitors and ouabain cause an indirect decrease of So by 
reducing the driving force for passive ionic movements. The 
increase of f, after ouabain cannot be explained with the avail- 
able data. 

In most of the remaining bladders we investigated, large 
low-frequency components were recorded and a lorentzian 
component could not be detected with Na Ringer’s on both 
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Fig. 1 Power spectra of the current fluctuations through the toad galfbaldder epithelium in control conditions and after the additon of various 
agents. A, Curve a, spontancous lorentzian noise spectrum recorded with Na Ringer’s on both sides. The plateau value is So= 4.3 x 107°? A? s cm 
and the corner frequency fe™ 5.3 Hz Curve b, fluctuations are depressed to levels comparable to the amplifier noise after the addition of 3 mM 
KCN+3 mM sodium iodoacctate. Because of the capacitive reactance component in the membrane impedance, the amplifier noise increases 


in the high frequency range and may become larger than the excess noise of the preparation’? 


observed at higher frequencies. B, Influence of ouabain. Curve a, 


. This explains the Increase of the density 


igh a = 
recorded in control conditions: Sy=2.7* 107°” A“ scm and 


spectrum 
fom 5.7 Hx. Curve b, 15 min after the addition of 1 mM ouaban to the serosal solution: Sy = 1.2* 107” A? cm” and f,= 17.1 Hz. Curve c was 
recorded 35 min after the addition of ouabain. C, Influence of TEA. Curve a, lorentzian recorded with Na Ringer’s on the serosal side and with 
Ringer's in which all Na” was replaced by K* on the mucosal side: Sy = 3.1 x 1077" A? s cm~? and f,= 4.7 Hz Curve b, the addition of 5 mM TEA 
Suen oer ne umn ruaene 


sides. The low-frequency component could be depressed by 
replacing 36 mM of the serosal Na* by K*. It cannot be excluded 
that these fluctuations, which we shall not discuss further, are 
due to smooth muscle activity, and consequently can be depres- 
sed by a K*-induced depolarisation. A lorentzian could be 
shown in 71% of these preparations after replacing all Na* by 
K* at either the mucosal or the serosal side. This indicates that 
the underlying mechanism depends on the presence of potas- 
sium in the bathing solutions. We therefore investigated the 
dependence of So ahd f, on the mucosal ([K],,) and the serosal 
AKL) K* concentration. These experiments were done with 
bladders which showed a spontaneous lorentzian component in 
the power spectrum. During all Na*—K”* replacements f, did not 
change significantly. The substitution of 36 mM of the mucosal 
Na* by K* led to a complete disappearance of the lorentzian 
component (Fig. 2). The increase of [K],, reduces the elec- 
trochemical gradient across the mucosal membrane"’, so that 
possibly the K* efflux to the mucosal side decreases. A further 
increase of [K]. enhanced the fluctuations, and the lorentzian 
component reappeared. At [K],= 115 mM, So was even larger 
than in control conditions. In these circumstances a K* inftux 
through the mucosal membrane can be expected. An increase of 
[K], led to an increase of So over the entire range of Kt 
concentrations. Even after potsoning the epithelium with a 
metabolic inhibitor, the lorentzlan component could be obser- 
ved in the spectra when a large K* gradient was applied. 

From these data it can be concluded that the relaxation 
process underlying the lorentzian component is related to K* 
movements through the mucosal membrane. The gradual rise of 
So with [K], can be understood because the increase of [KL 
depolarises the intracellular potential” and possibly leads to an 
increase of the cellular K* concentration. Consequently, the 
increased electrochemical gradient for K* across the mucosal 
membrane results in a rise in the K* efflux. 

More evidence for the existence of K*-selective channels in 
the mucosal membrane was found in the following experiments. 
It is known that tetraethylammonium (TEA) blocks the K* 
channels in nerve membrane? and reduces the permeability of 
the mucosal membrane of the gallbladder’. ' The addition of 
5mM TEA to the mucosal bathing solution completely 


inhibited the lorentzian noise components (Fig. 1C). This was 
observed for the spontaneous lorentzian current fluctua- 
tions recorded with Na Ringer’s on both sides, as well as in 
experiments where the lorentzian was produced by a K* 
gradient across the epithelium. The inhibitory effect of TEA 
occurred in less than 5 min and was completely reversible. 
Added to the serosal side, TEA had no effect on the fluctuations. 
This clearly demonstrates that the fluctuating K* channels are 
located on the mucosal side. 

As the paracellular shuntpath of the gallbladder has a high 
conductance’, especially for K* (ref. 2), we investigated the 
possibility that the fluctuations are caused by a K* flux through 


Fig. 2 Plateau values, So, as a function of the serosal ([K],) and 
mucosal ((K],,.) K* concentration. Na* was replaced by K* at 
constant jonx strength. Closed circles represent the K* replace- 
ments at the mucosal side with normal Ringer's on the serosal side.. 
The open circles are data obtained with normal Ringer’s on the 
mucosal side and with different [K], values. At [K]..~36 mM, So 
was smaller than the amplifier noise level, which is about 1.0 
107°! A? scm? As the exact position of this point is unknown, it 
ts indicated with dashed lines, s.¢.m. values are indicated. 
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the shunt. The cationic permeability of the paracellular pathway 
can be decreased with the addition of 20mM _ 2,4,6-tri- 
aminopyrimidine (TAP) to both sides of the epithelium'*. With 
Na Ringer’s on both sides, the transepithelial resistance 
increased in this series of experiments from 128+ 20 to 355+ 
38 Q cm? (P<0.0005, n =8). When all Na* was replaced on 
both sides by K*, an increase from 169+ 46 to 251 +67 Q cm’ 
(P<0.01, n =6) was found. We therefore assume that TAP 
reduces the K* permeability of the paracellular shunt, as was 
shown for other cations’*. The plateau values of the lorentzians 
recorded either with Na Ringer’s on both sides, or in the 
presence of a K” gradient across the epithelium, did not change 
significantly with the addition of 20 mM TAP to both bathing 
solutions. Therefore, as TAP reduces the paracellular K” fluxes 
and does not change the lorentzian current fluctuations, it seems 
unlikely that the K*-selective structures are located in the 
paracellular pathway. 

From our data, we conclude that K* -selective channels, which 
open and close randomly, exist in the mucosal membrane of the 
toad gallbladder. No rectification characteristics could be 
shown, as both an inward- and an outward-directed K* gradient 
across the mucosal membrane caused an increase of the lorent- 
zian current fluctuations. TEA, as in other tissues, acts as a 
reversible blocker for the K* channels. Further investigations, 
which allow us to determine the probabilities for the open and 
closed state, can give an insight into the mechanism which 
controls the K* permeability. 

We thank Mrs L. De Handschutter-Janssens for technical 
assistance. 
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Absence of measles proviral 
DNA in systemic lupus erythematosus 


MEASLES VIRUS usually causes an acute self-limiting infection 
in humans and a productive cytolytic infection in susceptible 
tissue culture cells. However, measles-like virus has been iso- 
lated from the brains of patients with subacute sclerosing 
panencephalitis (SSPE), a chronic progressive neurological dis- 
order of children’. Also, persistent measles infection has been 
implicated in the pathogenesis of several chronic diseases of 
unknown aetiology, including multiple sclerosis’ and systemic 
lupus erythematosus (SLEY. Manipulation of the conditions of 
infection can result in persistently infected tissue culture cells, 
which have been proposed as a model system for studying the 
molecular mechanisms responsible for cytolytic virus persis- 
tence in man*”®. There is experimental evidence for at least four 
mechanisms leading to the induction of persistent measles 
infections: the production of defective virus particles which 
interfere with the replication of complete virus’, the generation 
of mutant virus strains with the capacity for non-cytolytic repli- 
cation, and infection of certain cell types (for example, 
neurones) restricted in their capacity to support all steps in virus 
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replication’. Zhdanov er al.’°"'* have proposed that measles 
virus persists in cells by a mechanism similar to that shown for 
retroviruses, that is, the synthesis of a DNA copy of the viral 
genome and the insertion of the proviral DNA into the host cell 
chromosome. This would be a novel mode of replication, as the 
replication of measles virus in cytolytic infections involves a 
double-stranded RNA intermediate. Using tritium-labelled 
viral RNA probes in molecular hybridisation assays, Zhdanov et 
al. have demonstrated the presence of measles virus-related 
DNA in chick embryo cells and human lymphoid cells’* 
persistently infected with measles virus. Further, they detected 
measles virus-related DNA in leukocytes, lymph nodes, kidney 
and urine cell sediment from five SLE patients'*. Negative 
results were obtained using cells from appropriate control 
tissues. The obligative reverse transcriptase was found in the 
persistently infected cell lines and SLE tissues, and concomitant 
retrovirus infection was proposed as a prerequisite for persistent 
measles infection. Thus, these studies not only provide insights 
into the molecular mechanisms of measles virus persistence but 
suggest aetiological relationships for a fatal disease of unknown 
cause. However, we report here that, using a more sensitive 
nucleic acid hybridisation assay, we were unable to confirm the 
presence of measles virus-related DNA in either persistently 
infected cells or cells from patients with SLE. 

We used a radioisotopically labelled complementary DNA 
probe (MV cDNA) generated from an in vitro reverse tran- 
scriptase reaction, using measles virus-specific mRNA as 
template and reverse transcriptase from avian myeloblastosis 
virus. Reaction conditions were selected to optimise the extent 
of transcription of the viral mRNA‘*'*. The measles virus- 
specific mRNA (MV mRNA) used as template in this reaction 
was obtained by infecting CV-1 cells at a high multiplicity of 
infection and then treating the cells with actinomycin D and 
cycloheximide (for details see legend to Fig. 1). High concen- 
trations of actinomycin D (25 ugm) are necessary for 
complete suppression of host cell RNA synthesis in infected 
cells'®. Cycloheximide decreases virion RNA synthesis but 
increases the yield of viral mRNA”. Infected cells were 
ruptured and polyribosomes isolated by differential centri- 
fugation. RNA was extracted from polyribosomes by caesium 
chloride centrifugation and poly-A-rich RNA purified by 
affinity chromatography. MV mRNA had a sedimentation 
coefficient of ~20S in sucrose-SDS gradients and its separation 
into discrete species by formamide—polyacrylamide ge! elec- 
trophoresis is reported elsewhere”. 

MV *H-cDNA was purified as described in the legend to 
Fig. 1. The cDNA was 93% single stranded, as determined by 
sensitivity to S, nuclease, and had a sedimentation coefficient of 
~7§ in alkaline sucrose gradients'’. Hybridisation of **P- 
labelled MV mRNA to excess MV *“H-cDNA (ratio 1:10) 
protected 90% of the labelled RNA from hydrolysis with 
RNase’*. Further evidence of nearly complete transcription of 
the RNA template was found in the kinetics of annealing of the 
cDNA to the MV mRNA template (Fig. 1). The half-saturation 
value (C,4,) of the MV probe to its template was compared with 
the C,t, of polio cDNA annealed to polio virion RNA using the 
relationship described by Birnstiel et al”. A nearly complete 
DNA copy of polio RNA (98% of polio genome) was 
synthesised using the method of Kacian and Myers”. The 
kinetic complexity of MV mRNA was 2.3-fold greater than that 
of polio RNA. As the molecular weight of polio RNA is 
estimated to be ~2.6 x 10° (ref. 21), the calculated complexity of 
MV mRNA of ~6 10° is consistent with data obtained from 
sedimentation analysis of virion RNA“. The thermal stability of 
the measles virus mMRNA-cDNA hybrid was analysed by 
hydroxyapatite chromatography; the Ta value was 87.5 °C 
(temperature at which 50% of hybrid eluted from the column), 
indicating a high degree of base-pair matching”. 

The specificity of the viral cDNA probe was demonstrated by 
a series of hybridisation experiments shown in Table 1. There 
was minimal hybridisation to relevant synthetic homopolymers 
(rA, rG) and unrelated viral and bacterial RNA, and a small 
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degree of hybridisation to monkey kidney cell nucleic acid 
(<6%). It is likely that this results from in vitro transcription of 
normal cell MRNA contaminating the MV mRNA preparation 
used as template. If there is non-preferential transcription of 
viral and cell mRNA, the percentage of the cDNA hybridising to 
normal cell DNA represents the fraction of the template which is 
cell mRNA.This fraction has varied over ~3-20% using probes 
generated from different MV mRNA preparations. 87% of the 
probe hybridised to RNA from infected cells but there was only 
minimal hybridisation to DNA from either lytically or persis- 
tently infected cells. A higher degree of hybridisation to RNA 
from lytically infected cells probably did not occur because of 
the presence of unlabelled negative-strand (virion) RNA which 
competes with the probe for positive-strand viral mRNA in the 
hybridisation reaction, Removal of negative-strand viral RNA 
from the RNA preparation by oligo-dT cellulose chromato- 
graphy increases the hybridisation of the probe to 94%. 

We attempted to hybridise the MV cDNA probe to DNA 
from various organs (spleen, kidney, placenta) of 15 patients 
with SLE, and DNA from six normal individuals (that is, the 
organ demonstrated no histopathology). With the exception of 
four patients from whom placenta was obtained, all patients had 
aggressive disease and the majority of specimens were obtained 
at necropsy. The conditions of the annealing reactions were as 
described in the legend to Fig. 1. Annealing mixtures contained 
210 ug of cell DNA and 400 pg of *H-cDNA, and were 
incubated to a Cot value of 5,000. We found that <5.2% of the 
probe hybridised to the DNA samples from SLE patients 
compared with 1.0-5.2% hybridisation to DNA from the same 
organs of normal controls. Similarly, there was no difference in 
cDNA-cell RNA hybridisation experiments using RNA from 
seven SLE patients and four normal controls in the same 
reaction conditions as those used in the DNA-DNA hybridisa- 
tion reaction. 1.0-2.5% of the probe hybridised to RNA from 
SLE samples compared with 2.5-3.5% hybridisation to RNA 
from normal controls. 

Therefore, the data described here do not support the findings 
of Zhdanov et al.'*'*. We were unable to find evidence of 
measles virus-related DNA sequences in persistently infected 
cell lines despite the use of a nucleic acid probe with 2 logs higher 
specific activity than that used in their studies. The persistently 
infected cell lines studied by Zhdanov et al. showed evidence of 
concomitant infection with a retrovirus, as determined by the 
presence of 70S RNA and reverse transcriptase. We could not 
detect evidence of retrovirus infection in our cell lines by assays 


Table 1 Hybridisation of MV “H-cDNA to various nucleic acids 


% Hybridised 


RNA 
Poly rA <1% 
Poly rG <1% 
Avian myeloblastosis virus <1% 
Newcastle disease virus <1% 
Escherichia coli <1% 
CV-1 cells 3.6% 
CV-1 cells, MV-infected 87.0% 

DNA 
E. coli <1% 
CV-1 cells 5.7% 
CV-1 cells, MV-infected 4.6% 
Hamster embryo cells, MV-infected 4.0% 
HEp-2 cells, MV-infected 5.2% 


The hamster embryo cell linef and HEp-2 cell line™® were persistently 
infected with MV. Both cell lines produced 107-10° plaque-forming 
units per ml per 24 h and >90% of cells haemabsorbed rhesus-monkey 
erythrocytes. Hybridisations were carried out as described in the legend 
to Fig. 1, and reactions with viral RNA were taken to a C,t = 1 and those 
with cell RNA and DNA toa Cot = = 5,000 (ref. 26). DNA was extracted 
by a method described previously” and RNA extracted by the method 
of Glisin** 
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for viral reverse transcriptase’, despite previous reports that 
some clones of HEp-2 cells contained type ‘B’ retrovirus?’. 
Differences in the expression of this retrovirus-specific enzyme 
by the cell line could determine whether other viral RNA 
molecules are transcribed into a DNA form and integrated. 


2% Hybridised 
rá] 
oS 





07> 107? 107! 10° 
Equivalent Cyt 


Fig. 1 Hybridisation of viral RNAs to “*H-cDNA probes. MV 
mRNA (©) and polio virion RNA (@) were hybridised to their 
respective CDNA. CV-1 cells grown in monolayer in minimum 
essential media with 5% fetal calf serum (MEM-—FCS) were 
infected with the Edmonston strain of measles virus at an MOI 
(multiplicity of infection) of 10, for 2 h at 37°C. Four days after 
infection, media were replaced with fresh MEM containing 
25 pg mi! actinomycin D (Sigma). Two hours later cycloheximide 
(Sigma) was added to a final concentration of 75 pg mi~}. Six hours 
after the addition of cycloheximide, the cells were removed from 
the flask with trypsin and centrifuged for 10 min at 200g. They 
were resuspended in a solution containing 10 mM Tris-HCl, pH 
7.5, 10 mM NaCl, 1 mM MgCl and 5% sucrose (TNM), and kept at 
4°C for 15 min. The cells were broken by 5-20 strokes of a tight 
glass Dounce homogeniser and cell disruption monitored by phase 
contrast microscopy. Nuclei were centrifuged for 10 min at 600g 
and the nuclear pelett washed once more with the hypotonic buffer. 
The post-nuclear pellet supernatants were pooled and layered ona 
discontinuous gradient containing 13.4 ml of 1 M sucrose (in TNM 
with 100 pg mi’ polyvinyl sulphate) over 4 ml of 2.5 M sucrose in 
an SW27 rotor and centrifuged at 27,000 r.p.m. for 3 hat 4 °C. The 
opalescent polyribosomal band at the interface of the two sucrose 
layers was removed by puncturing the side of the tube. The 
polyribosomal sample was then made to 0.5% SDS and 1M 
mercaptoethanol and RNA extracted by the method of Glisin et 
al.*, CsCl was added at 1 g per ml of sample, and the mixture 
shaken for 15min, then layered on 1.5 ml of 5.7 M CsCl (in 
0.1 mM EDTA) and centrifuged at 35,000 r.p.m. for 12h in an 
SW50.1 rotor at 20 °C. The RNA pellet was resuspended in 0.01 M 
Tris-HCI, pH 7.5, 0.5 M NaCl and poly-A-rich RNA obtained ny 
passing the sample twice through an oligo-dT cellulose column’ 
The eluate from the column was pooled, made to 0.4 M NaCl, 
precipitated with two volumes of ethanol, and the RNA used as 
template in a reverse transcriptase reaction. The total reaction 
(0.1 ml volume) contained 50 mM Tris-HCl, pH 8.3, 50 mM KCI, 
8 mM MgCl, 0.5 mM dithiotreitol, 1 mM each of dATP, dTTP, 
dGTP and “H-dCTP (29.3 Ci mmol , New England Nuclear), 
100 pg ml”! actinomycin D, 5 wg MV mRNA, l ug dTio and 5 
units avian myeloblastosis reverse transcriptase. For poliovirus 
RNA templated reactions, 35S polio RNA was used'*. The reac- 
tion was incubated for 1 h at 37°C and terminated by the addition 
of 0.1M EDTA. RNA was hydrolysed and °H-cDNA purified by 
methods reported previously”. The specific activity of the *H- 
cDNA was calculated to be ~~ 107 c.p.m. per pg DNA. Hybridisa- 
tion reactions were carried out in 20—-40-pi volumes in glass 
capillaries. The reaction mixture contained 50 mM Tris-HCI, pH 
7.0, 0.5 M NaCl, 1 mM EDTA, 0.1% sodium dodecyl sulphate 
(SDS), 0.2 pg of viral RNA (or total E. coli RNA) and 4,000 c.p.m. 
of “H-cDNA probe. The polio cDNA was sheared to a size 
comparable with that of the MVm cDNA because of the effect of 
single-strand length on kinetic complexity*’, Samples were heated 
to 100°C for 2 min and incubated at 65°C. Equivalent Cyt 
(product of RNA concentration, time of incubation and factor for 
cation conce ntration) was determined by the method of Britten and 
Kohne”. S, nuclease analysis of the le aa reaction was by 
the method of Vogt?” 


‘Nature 19 October 1978 


-Scientists from all over'the world, 


. concerned with the diverse branches 

of hair research, will meet at the ` 

1* International Congress of Hair Research 
in Hamburg. The objectives of this 
specialist Congress of Hair Research are: 
exchange of information, progress reports, 
outlooks. 


Subjects of Congress: 
- Plenary Sessions: 
1. The Hair 
2, The Hair Follicle and Keratinization 
3. The Environment of the Hair Follicle. 
4. Control of Hair Growth 
5. Hair Diseases 
6. Treatment of Hair Diseases 
7. Effects of Halr Care Products 
8. Toxicology and Safety 


Workshops: 
` 1. Hair Surface . 


2. Principles of Hair Gouna ` 

3. Methods of Testing Hair Care Products -~ 

-© 4, Technics for Investigating Hair Properties 
Promoter , 

. German Society of poe 


. Scientific 


Committee 
Prof. Dr. Felix Sagher, Israel 
(Honorary Chairman) 
Prof. Dr. Constantin E. Orfanos, 
West Germany (Chairman) 
- Dipl. Chem. Jörg A. Breckwoldt, 
. West Germany (Secretary) 
~ Prof. Dr. F. John G. Ebling, 
Great Britain ` 
Dr. Herbert P. Fiedler, 
West Germany 
Prof. Dr. Iwin M. Freedberg, USA 
Prof. Dr. Y. Hashimoto, Japan 
Prof. Dr. Hans-W. Kreysel, 
West Germañy - 
Prof. Dr. William Montagna; USA 
Prof. Dr. G. Moretti, ttaly 
Prof. Dr. Ginter Stittgen, West Germany 
~ Prof. Dr. Helmut Zahn, West Germany 





1 International 
Congres of 

Hair Research 
Hamburg 

March 13 to 16, 1979 


The congress will ie held at one of Europe’s most 
sophisticated congress buildings: the Congress | 
Center Hamburg. Participants may also avall 
themselves of an-interesting social programme, of 
attractive excursion programmes and of.“ascinating 
post-convention tours. 

Please do not hesitate to approach the secretariat 

of the congress organization, should you wish to ask 
any additional questions-Please write to as or phone. 


Congress-Organization 
P.O: Box 60 04 69 

D 2000 Hamburg 60 ` 
Tel. 040/63Q 90 91 
Telex: 02 13774 drale d 


"Ask for the detailed propre with the descriptive literature and application-forms. 


Thank you. 


* 
we 


oe forward 


Copies of the Preliminary Programme 
with ba Form > 


Name/Compary 





Address 





* + 
+ 
—— — — — — —- — Se 
- 
4 i r 
t 


1* International Congress 
of Hair Research 


Congress Secretariate 
P.O. Box 60 04 69 
D 2000 Hamburg 60 


_ Grote No. 16 on Reader Enquiry Card. 


x Nature 19 October 1978 





GmbH. Binnen-und AuBenhandelsunternehmen 
fur radioaktive und stabile Isotope 
DDR-1115 Berlin, Lindenberger Weg 70 


isocommerz German Democratic Republic 






k 


Nature Vol. 275 19 October 1978 TEE 


. Sep 


Also, we were unable to confirm the presence of measles virus 
DNA or RNA nucleotide sequences in cells from patients with 4 


SLE. Alekberova et al."’ detected 2-5 measles virus gene 
equivalents per cell, well within the limits of sensitivity of our 
assay. In reconstruction experiments, we could unequivocally 
detect 1 viral gene equivalent per cell. One could construct an 
hypothesis for a viral cause of SLE in which few cells were 


infected and infected cells had a low level of viral gene expres- . 


sion. In this situation, viral information would escape detection 
by the hybridisation assays carried out in the present study. 
However, our findings, plus evidence of the non-viral nature of 
the tubulo-reticular structures in SLE and the nonspecificity of 
increased antiviral antibody titres in this disease’, indicate that it 
is unlikely that measles virus has a role in the pathogenesis of 
SLE. Collaborative studies which are now in progress through 
the USA/USSR Scientific Exchange programmes should clarify 
the discrepancy between the results reported here and those of 
Soviet investigators. Further, this study has shown that viral 
cDNA probes can be used to examine molecular aspects of 
measles virus replication and persistence, and may be useful in 
clarifying the role of measles virus in other human diseases, 
particularly multiple sclerosis. 

We thank Drs Fred Rapp and John Rice for the persistently 
infected cell lines, and Dr Dan Kacian for polio RNA and J. 
Beard for avian myeloblastosis reverse transcriptase. This work 
was supported by grants from the National Multiple Sclerosis 
Society and the Arthritis Foundation. 
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Expression of endogenous C-type 
viral antigen on 
normal mouse haemopoietic stem cells 


PARAMETERS such as size, density and differences in cell-cycle 
kinetics have been used to distinguish murine pluripotential 
haemopoietic stem cells (colony-forming units in the spleen, 
CFU-S) and committed haemopoietic progenitor cells’. Efforts 
to use surface membrane markers ** have been based on two 
different, mutually exclusive concepts that regard pluripotent 
stem cells either as ‘null-cells’ or ‘multiple-marked’ cells. The 
first concept suggests that the markers are sequentially expres- 
sed during differentiation and maturation of a cell. Pluripotent 
stem cells, being the most undifferentiated haemopoietic cells, 
would be expected to have no markers or at least very few. 
According to the ‘multiple-marked’ stem cell hypothesis, 
however, differentiation would be accompanied by a specific loss 
of markers. CFU-S can be detected by the development of 
spleen colonies after transplantation of normal syngeneic bone 
marrow cells (BMC) into irradiated recipients®. Committed 
granulocyte-macrophage colony-forming cells (GM-CFC) and 
early or late erythroid (BFU-E or CFU-E) progenitor cells can 
proliferate clonally in semisolid medium ir vitro if stimulated by 
specific growth factors, namely granulocyte-macrophage 
colony-stimulating factor (GM-CSF) or erythropoietin’® 
Pretreatment of normal marrow cells with a rabbit antiserum 
against mouse brain tissue has been reported to suppress spleen 
colony formation im vivo without influencing the growth of 
granulocyte—macrophage colonies in vitro’®, We now report that 
antigens coded by endogenous C-type virus are expressed on 
pluripotent stem cells but were not detected on committed 
progenitor cells. 

Our approach was suggested by recent experiments where an 
antiserum directed against endogenous xenotropic C-type virus 
suppressed the humoral immune response in all mouse strains 
tested''*_ As immunocompetent cells are ultimately derived 
from pluripotent stem cells of the lymphoid and myeloid 
system’, it is conceivable that viral antigens are also expressed 
on cells of the haemopoietic system where they may have a 
physiological role, as suggested for cells participating in the 
immune response. 


Fig. 1 Effect of preabsorption with virus on capacity of antiserum 
to suppress colony formation by haemopoictic stem cells. Marrow 
cells were incubated with medium or serum as described in the 
legend to Table 1. The final dilution of the serum was 1: 80. 400 pe 
of density-gradient-purified virus was pelletted by centrifugation, 
incubated with 50 pl of serum diluted 1:10 for 60 min in ice and 
removed again by centrifugation. a, Medium control; b, xenotropic 
BALB/c virus absorbed antiserum. LPS-induced xenotropic 
BALB/c virus used for absorption was grown in mink cells (CCL- 
64); c, Friend leukaemia virus-abeorbed antiserum; d, tobacco 
mosaic virus-absorbed antiserum; e, non-absorbed antiserum. 
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Table 1 Effect of pretreatment of marrow cells with anti-xenotropic 
virus serum on the number of CFU-S and GM-CFC 


x 


CFU-S 
Serum Colonies ~ GM-CFC 
(final +8.¢.m. % mbibition per 10° BMC 
dilution) per10°BMC of CFU-S no C +C 
Control serum ae 
1:5 14.341.2 7.6 146 234 
1:20 ND a 112 200 
1:80 ND = 124 215 
1:320 ND me 124 186 - 
Antiserum - 
1:5 0.4+0.2 97.6 224 200 
1:20 0.2+01 98 6 164 212 
1:80 0.2+0.1 98.7 96 215 
1:320 6.9+0.7 55.1 164 192 
No serum 15.5+1.3 — 86 114 


Marrow cells were flushed from the femurs of 12-woek-old male 
SPF C57BL/6 mice with 1 m! RPMI 1640 medium (Microbiological 
Associates), supplemented with antibiotics and 0.02 M HEPES. 
Influence of antiserum on CFU-S: 210° viable nucleated cells were 
incubated at different dilutions of serum without complement (C’) in a 
final volume of 0.4 ml at 0°C. 30 min later the cells were diluted 1:25 
with supplemented RPMI 1640 and washed. The colls were then 
injected intravenously into syngeneic mice pre-irradiated with 800 rad 
(10° viable nucleated cells per mouse, 15 mice per group). The spleens of 
the mice were removed 9 d later, fixed for 10 min in Bouin’s fixative and 
the number of colonies counted®. Influence of antiserum on 
GM-CFC: 3.2 x 10° viable nucleated cells were incubated with different 
dilutions of serum with or without complement in a final volume of 
0.16 ml for 45 min at 37 °C and 7.5% CO), After three washings in the 
cold (5 min, 200g), aliquots of 1 x 10° cells were cultured in Petri dishes 
containing 1ml of Dulbecco's modified Eagle’s medium (Gibco 


15% horse serum (Microbiological Associates), 0.8% methylcellulose? 
(Dow) and 5% mouse-lung-conditioned medium” (representing a pla- 
teau concentration of GM-CSF) at 37 °C and 10% CO, in a humidified 
incubator. Colonies containing more than 50 cells were counted 7 d 
later, Each number represents the mean value of duplicate cultures. ND, 
not determined. 


The antiserum used was from the same pool previously 
reported to be immunosuppressive’’’? and was prepared 
against BALB/c xenotropic endogenous C-type virus originally 
induced from spleen cell cultures by treatment with bacterial 
lipopolysaccharide (LPS)’* and collected in stably infected rab- 
bit cornea (SIRC) cells. 

To examine the effect of the antiserum on mouse CFU-S, 
normal marrow cells were incubated either with antiserum or 
control serum in vitro, washed and then injected into irradiated 
recipients. No exogenous complement was added, as it was 
assumed to be present in the recipients: A typical experiment 
(Table 1) showed that the development of spleen colonies was 
suppressed by pretreatment of the donor cells with antiserum. 
Suppression was not always complete, but with high concen- 
trations of antiserum it was never less than 75%. In other 
experiments, marrow cells were incubated with antiserum and 
complement. After washing, cells were assayed for GM-CFC 
(Table 1). The antiserum did not inhibit colony development 
whether or not complement had been added. 

In other experiments BFU-E and CFU-E frequencies were 
determined in marrow cells preincubated in identical conditions 
with combinations of antiserum, control serum and comple- 
ment. Again, no influence could be detected (L. Guilbert and 
F.G.S., unpublished data). However, some experiments (data 
not shown) indicate that preincubation of spleen cells with 
antiserum and complement can efficiently suppress the 
frequency of B-lymphocyte colony-forming cells (BL-CFC). 
The failure of antiserum plus complement to reduce the number 
of colonies derived from GM-CFC or erythroid precursor celis 
does not definitely prove that these cells lack the corresponding 
antigen. The failure could also reflect low antigen density and 
consequent low antibody concentration on the cell-surface 
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insufficient to initiate complement activation. To clarify this, 
marrow cells were incubated with antiserum in the cold and 
subsequently with a goat anti-rabbit immunoglobulin (GARIg) 
and complement in the warm. The ability of the anti-immuno- 
globulin to bind complement, the lytic activity of the particular 
complement batch used and the efficiency of the procedure to 
detect low concentrations of cell-surface-bound ‘antibody 
unable by itself to activate complement were tested in parallel in 
another system. Mouse thymus cells preincubated with a non- 
lytic dilution of a rabbit anti-mouse thymus cell serum were 
readily killed by a second incubation with GARIg plus 
complement. However, GM-CFC were not reduced by this 
procedure (Table 2). These data strongly suggest that GM-CFC 
do not bind significant amounts of antiviral antibodies, although 


Tabie2 Failure to detect endogenous viral antigen on GM-CFC by 


indirect cytotoxicity f 
Treatment of cells pre- Results 
sensitised with antiserum 
BMC + anti- 
xenotropic virus Thymus cells 
serum + antithymus cell 
GARIg (GM-CFC per serum 
(final dilution) È 10° BMC) (% cytotoxicity) 
— — 101 4 
— + 81 15 
1:80 — 78 5 
1:80 + 92 96 





Indirect cytotoxicity for GM-CFC: marrow cells were prepared and 
handled during the first step as described in the legend to Table 1, but 
incubated with a 1:20 dilytion of anti-zenotropic virus serum for 30 min 
at 0°C. The cells were then washed twice (5 min, 200g) in the cold and 
incubated for 45min at 37°C and 7.5% CO, in air with GARI g 
(Bebringwerke) and complement. After two further washings with the 
medium, the cells were assayed for GM-CFC as described in the legend 
to Table 1. Each number is the mean value of duplicate cultures. Indirect 
cytotoxicity test for thymus cells: CS7BL/6 thymus cells were prepared 
by standard techniques in RPMI 1640 supplemented with 2% FCS. 
Aliquots of 5 x 10° cells were incubated with rabbit anti-mouse thymus 
cell serum in a volume of 0.05 ml and a final dilution of 1:2,560 for 
30 min at 0 °C in microtitre plates. 30 min later 0.1 ml of medium was 
added and the cells washed twice in the cold. The cells were resuspended 
in 0.05 ml of medium containing GARIg and complement. After a 
second incubation for 45 min at 37 °C, the percentage of killed cells was 
determined by Trypan blue dye exclusion. A minimum of 200 cells were 
counted per sample. 


an extreme resistance to complement-mediated cytolysis cannot 
definitely be excluded. Support for the view that the antiserum 
does not react with GM-CFC was obtained when the IgG 
fraction of the antiserum was added directly to the culture 
dishes. This procedure did not influence GM-CFC but it 
effectively inhibited the growth of BL-CFC (data not shown). 

To prove that the inhibitory effect of the antiserum on spleen 
colony formation was due to its antiviral specificity, absorption 
experiments were carried oyt with equal amounts of different 
viruses. To exclude co-absorption of possible reactivities against 
rabbit cell-membrane antigens, xenotropic C-type virus used for 
absorption was grown in mink rather than rabbit cells, and was 
found to neutralise the activity of the antiserum completely. 
Preabsorption with Friend virus was almost as effective. This 
was expected, as Friend virus also neutralised the immunosup- 
pressive activity of this serum’*. Crosareactivity between Friend 
and BALB/c xenotropic virus is consistent with the claim that 
the Friend virus genome contains sequences derived from 
endogenous xenotropic virus**. On the other hand, tobacco 
mosaic virus, an unrelated virus, had no ability to reduce anti- 
stem-cell activity of the serum (Fig. 1). 
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The data presented here show that an antiserum against 
endogenous C-type virus suppresses the development of spleen 
colonies generated by pluripotent haemopoietic stem cells. On 
the other hand, the antiserum displayed no detectable effect on 
GM-CFC and erythroid precursor cells. The most likely 
explanation for the observed effect is that stem cells express viral 
antigen and are killed in vivo by a mechanism involving the Fc 
portion of bound antibodies and possibly complement. It is 
tempting to speculate that endogenous viral antigens are phy- 
siologically required for the differentiation of haemopoietic cells 
in a similar way to that suggested for cells differentiating during 
an immune response’*!*'>, It is interesting that (Fab’), frag- 
ments of the antibody used have been found to suppress an in 
vitro immune response demonstrating complement indepen- 
dence of the phenomenon (C.M. and G. Schumann, unpublished 
results). This serum may be useful for understanding haemo- 
poiesis. 
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Certain rheumatoid 
factors react with nucleosomes 


NATURAL antibodies against antigenic sites on the Fc region of 
human and animal IgG are referred to collectively as rheuma- 
toid factors (RF) and they represent one of the immunological 
hallmarks of rheumatoid arthritis (RA). Thus, the synovial fluid 
and tissue of RA patients contain large immune complexes 
which at least in part consist of RF'~*, and RF are present in 
serum in the majority of patients with definite or classical RA. 
Recent studies have demonstrated that purified and pepsin- 
digested polyclonal RF of IgG class from an RA serum (Han), in 
addition to reacting specifically with IgG, also bind to an antigen 
associated with cell nuclei from many species’. Furthermore, 
essentially 100% of the anti-nuclear antibodies (ANA) of two 
sera (Han, Jos) was absorbed by insolubilised human IgG; the 
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antibodies which could be eluted from this immunosorbant 
bound to cell nuclei, and this binding was specifically inhibited 
by Fc fragments of human IgG°*. We show here that RF from 
serum Jos bind to nucleosomes, the repeating histone-DNA 
subunit of chromatin. 

Mono-, oligo- and polynucleosomes were prepared by 
nuclease digestion of chicken erythrocyte nuclei (see legend to 
Fig. 1). Chicken red cells were chosen*because contamination 
with immunoglobulins (Ig) could be aveided by washing. 
Nucleosomes in the nuclear digest were fractionated into two 
major pools by gel filtration on Sepharose 4B (Fig. 1). Pool 1 and 
the 150 mM NaCl-insoluble fraction of poo! 2 contained all the 
major histone classes (Fig. 16, d) and essentially no non-histone 
proteins (Fig. 1 e, f). DNA from pool 1 formed a sertes of bands 
consistent with the presence of multiples of the 200 base pair 
monomer DNA (Fig. 1g). The size of the DNA from pool 2 
corresponded roughly to nucleosome monomers and dimers 
(Fig. 1i). Sepharose 4B gel filtration in 0.6 M NaCl stripped the 
chromatin of H1 and H5, but H2a, H2b, H3 and H4 were still 
present (Fig. Ic). 

The nucleosomes of pools 1 and 2 were tested for their ability 
to absorb RF specifically. Serum Jos, which contains RF with 
high avidity for cell nuclei®, and serum Ter whose RF lack ANA 
activity, were used for this experiment (Fig. 2). Both pool | 
(oligo- and polynucleosomes) and pool 2 f{mono- and 
dinucleosomes) absorbed RF from serum Jos, but not from 
serum Ter (Fig. 2). At saturation about 85% of RF Jos was 
removed; this required 0.6 ug of DNA from pool I and 150 pe 
of DNA from pool 2 (Fig. 2). 

In this experiment it was possible that serum IgG bound to 
nucleosomes and that RF reacted with bound IgG rather than 
with the nucleosomes themselves. [gM from serum Jos was 
therefore prepared (see legend to Fig. 2). A solid phase 
radioimmunoassay using immunospecifically purified I- 
labelled rabbit anti-human H(y) chain antibodies showed that 
the IgM preparation contained only 0.6% IgG. Nevertheless, 
the two nucleosome pools absorbed the same proportion 
(~85% at saturation) of RF from IgM as from diluted serum 
(Fig. 2). As the amount of IgM used was 11.5 ug, only 69 ng 
(0.6% ) of IgG was present. From earlier studies it is known that 
about 25% of IgM in serum Jos is RF°. This means that 2,400 ng 
(2.6107 mol) of IgM-RF would have to be absorbed by 
69 ng (0.46 x 107'* mol) of IgG, assuming that all IgG were 
bound to nucleosomes and thereby rendered insoluble in 150 
mM NaCl. Both these events are very unlikely, and it is there- 
fore concluded that RF Jos do indeed bind directly to 
nucleosomes. Further tests supported this conclusion, as 
nucleosomes (pool 2) absorbed 82% of RF Jos isolated 
immunospecifically by elution from human IgG insolubilised on 
beaded Sepharose. Thus, the same proportion of RF was 
removed from serum, the IgM and the isolated RF fraction. 

To determine whether the antigenic determinant on 
nucleosomes which was recognised by RF Jos required the 
presence of histones H1 and HS, polynucleosomes stripped of 
H1 and H5 were prepared (see Fig. 1b and legend to Fig. 1}. This 
material (150 wg as DNA) which was soluble in phosphate- 
buffered saline (PBS), displaced 87% and 77% of RF derived 
from serum and IgM Jos, respectively, but none of the RF from 
serum Ter (Table 1). By contrast, when 1,180 ug of deprotein- 
ised double-stranded calf thymus DNA with an average size of 
160 base pairs was mixed with IgM Jos (5.55 pg), only 20% of 
RF was displaced; this value is at the significance limit for the 
assay. Evidently, the determinant for crossreacting RF Jos is 
present on the nucleosome core which consists of DNA plus 
H2a, H2b, H3 and H4. 

The polynucleosomes of pool 1 absorbed no anti-blood-group 
I activity from an isolated monoclonal IgM{x) cold agglutinin 
(data not shown). This result, together with their lack of binding 
of RF from serum Ter, supported the conclusion that RF Jos 
reacted specifically with the nucleosomes. 

The radioimmunoassay for RF depended on the reaction of 
labelled rabbit anti-human L-chain antibody with RF bound to 
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IgG on the tube wall. It could be argued that the labelled rabbit 
antibodies did not bind to RF with their active sites but with their 
Fc regions, which might function as an antigen for RF bound on 
the tube wall. However, addition of a 1,000-fold excess of 
nonspecific ‘cold’ rabbit IgG in the second step of the reaction 
decreased binding of '**I-anti-L-chain antibody by only 5% 
which ruled out this objection. 

The present results confirm that RF Jos recognise a nuclear 
antigen in addition to IgG, and establish that the majority (85% ) 
of these polyclonal RF belong to the crossreacting population. 
Furthermore, the data indicate that the nuclear antigen is found 
on a complex consisting of DNA and the four core histones H2a, 
H2b, H3 and H4. This conclusion is based on the following 
observations. About 2,400 ng of IgM RF (2.6 x 107’? mol) was 
absorbed by only 600 ng (with respect to DNA) of nucleosome 
pool 1 (Fig. 2); this corresponds to 6 x 10°'* mol of DNA witha 
size of 200 base pairs, which is the DNA content in the 
monomeric nucleosome '*. This nucleosome fraction contained 
only a trace of non-histone proteins (Fig. le), it still bound RF 
after H1 and H5 had been removed (Table 1), and RF Jos did 
not bind to native DNA alone’. 

The structural basis for this remarkable crossreaction is still 
unclear. There has been no report showing homology between 
sequences of the Fc{y) region and any of the existing histones, 
although some similarity has been proposed between a phy- 
logenetically ancient H4 peptide and certain V-region 
sequences shared by human « and A Ig L-chains’’. 

However, as human L-chains do not displace RF Jos from 
nuclei while Fe(y) does®, this homology cannot explain the 
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Table 1 H1+H5 stripped polynucleosomes bear antigenic deter- 
minant for rheumatoid factors (RF) in serum Jos 
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Hi+HS5 RF RF 
stripped bound displaced? 
Antibody nucleosomes* (c.p.m.) (% ) 
Serum Jos 1/800 = 21,899 = 


Serum Jos 1/800 + 13,366 87.5 
IgM Jos 11.5 ug ~ 13,93} mmm 
IgM Jos 11.5 pg + 9,876 77 
Serum Ter 1/200 ~ 15,117 = 
Serum Ter 1/200 + 15,411 0 
Normal serum 1/200 m 3,000 _ 


0.15 mi (150 ng) of H1 + H5 stripped polynucleosomes in PBS, pH 
7.0, was mixed with 1.1 mi antibody dilution in PBS containing 1% 
BSA, and incubated for 2.5 h at room temperature, The mixture was 
then assayed for RF activity, and the % displacement calculated as 
described in the legend to Fig. 2. 

* Chromatin fragments subjected to gel filtration in 0.6 M NaCl (see 
legend to Fig, 1). 

+ Based on comparison of c.p.m. bound by dilutions of the RF 
preparation in the absence of inhibitor (see legend to Fig. 2 for RF 
assay). 


crossreaction, It is also unlikely that the determinant is a carbo- 
hydrate, as histones are not glycosylated. Possibly the two 
determinants recognised by the polyclonal RF Jos do not display 
that close structural similarity which past experience with cross- 
reacting antigens would lead one to expect. This is apparently 
the case for the polyclonal rabbit antibodies induced by 
immunisation with the hapten dinitrophenol, a large proportion 
of which crossreacts with menadione (vitamin K3)'*; in this 
instance, the structural similarity between the two haptens is 


Fig. 1 Sepharose 4B gel filtration of chromatin extracted from 
micrococcal nuclease-digested chicken red cell nuclei. Adult 
chicken red cells were washed three times and nuclei prepared 
according to Shaw et al.’. The nuclei were resuspended in digestion 
buffer (0.3 M sucrose, 0.01 M Tris-HCl, 0.75 mM CaCl, pH 7.2) 
to give Asp = 70 (read as diluted in 0.1 M NaOH) and digested for 
10 min at 37°C with 20 units of micrococcal nuclease (Worthing- 
ton} per 24 Aze units. The digestion was terminated by addition of 
disodium EDTA to a final concentration of 0.01 M and chilling 
samples in an ice bath. The suspension was centrifuged at 12,000g 
for 15 min. The pellet was resuspended in 0.2 mM EDTA, pH 7.0, 
incubated overnight at 4°C and centrifuged at 10,000g for 10 min. 
The extracted chromatin fragments of the supernatant were sub- 
jected to gel filtration on Sepharose 4B (7 ml supernatant contain- 
ing 455 Azo units on a 2.5% 75cm column equilibrated with 
10 mM Tris-HCl, 0.2 mM EDTA, pH 7.4). The fractions (5 ml) 
were pooled as indicated by the horizontal bars and concentrated 
by negative pressure filtration. 96% of pool | was insoluble in 
150 mM NaCl. Of pool 2, 60% was insoluble in 150 mM NaCl, and 
only this fraction was used; it was redissolved in 2 mM EDTA and 
dialysed against 0.2 mM EDTA, pH 7.0. Another 7-ml aliquot of 
the supernatant was fractioned on the same Sepharose 4B column, 
now equilibrated with 0.6 M NaCl, 10 mM Tris-HCI, 0.2 mM 
EDTA, pH 7.4. The elution profile (a) was almost identical to that 
shown with the low ionic strength buffer; fractions corresponding 
to pool 1 were dialysed against PBS, DNA from the various pools 
was extracted with an equal volume of redistilled phenol saturated 
with H-O. b. c and d show the histone composition of pool 1 (b), 
pool 1 from 0.6 M NaCl gel filtration (c), and 150 mM NaCl 
insoluble pool 2(d). Sodium dodecyl sulphate (SDS)-poly- 
acrylamide gel electrophoresis was carried out’. e, f show the 
purity of pool 1 (e¢) and 150 mM NaCl-insoluble pool 2(/) analysed 
on SDS-7.5% polyacrylamide gels’ loaded with 60 pg (with 
respect to DNA) sample and stained with Coomassie blue; g, h, i 
show DNA fragment sizes of pool I(g), HinclI digest of DNA from 
phage X174 (New England Biolabs) (h) and 150 mM NaCl- 
insoluble pool 2(/). Electrophoresis of DNA was carried out in 
1.4% agarose slab gels?’ containing 40 mM Tris, 5mM acetate, 
i mM EDTA, pH 7.9, and DNA bands were stained with ethidium 
bromide I pg ml '. 
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Fig.2 Specific absorption of rbeumatoid factor (RF) from serum 
Jos and IgM Jos by nucleosomes. IgM was prepared by gel filtration 
of serum on Sephadex G-200 equilibrated in 0.5 M NaC, 0.2 M 
acetate, pH 4.0; the first three fractions of the breakthrough peak 
were pooled, and dialysed against PBS pH 7.2. Absorption of RF 
was effected by mixing the indicated amount of nucleosomes in 
80 pl of 0.2 mM EDTA, pH 7.0, with 1 ml of serum or IgM diluted 
in PBS containing 1% bovine serum albumin (PBSA). The solution 
turned sHghtly turbid mmediately on addition of the nucleosomes. 
After incubation at room temperature for 2.5h, the insoluble 
nucleosomes were sedimented by centrifugation. The supernatants 
were assayed for RF activity by a solid phase radicimmunocassay"' 
using plastic tubes (Falcon 2052) precoated with rabbit IgG. The 
second was immunoaffinity isolated ’7*I-labelled rabbit 
anti-human L-chain antibodies. The incubation time for the first 
and the second antibody was extended to 18-24h The amount of 
RF absorbed by the nucleosomes was determined from standard 
curves obtained by making twofold dilutons of the RF-containing 
sample in PBSA. Absorption of 75% of RF thus corresponds to the 
radioactive antibody bound by a standard sample diluted fourfold. 
O, serum Jos diluted 1/800+ nucleosome pool 1; A, serum Jos 
1/800+pool 2; @, IgM Jos (11.5 ug)+pool 1; A, IgM Jos 
(11.5 wg)+pool 2; O, serum Ter 1/200+pool 1; x, serum Ter 
1/200 + pool 2. 


limited! and hydrophobicity may be an essential shared 
component. A few homogeneous myeloma proteins and 
Waldenstrom macroglobulins with antigen-binding activi 
have also been found to possess more than one specificity”. 
Thus, RF Jos and similar RF detected in other sera” * may be 
examples of ‘polyfunctional’ antibodies. 

The crossreacting RF described in the present report 
emphasises the general problem of extrapolating from the 
specificity of natural antibodies to the original antigenic stimulus 
which elicited their production. Moreover, the observations 
indicate that caution should be exercised in the interpretation of 
test results where RF are used as reagents, for example in 
detection of immune complexes. 

We thank Drs M. K. Cowman and G. D. Fasman for dis- 
cussions, and Dr M. H. Malamy for assistance with elec- 
trophoresis of DNA. This work was supported by a grant from 
the Norwegian Research Council for Science and the Humani- 
ties to K.H. and by an NSF grant to B.D.S. 
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Hydrophobic character of amino 
acid residues in globular proteins 


PREDICTIVE studies on the secondary structure of globular 
proteins aimed at locating ordered structural segments have 
provided little information about spatial orientations or even as 
to whether residues are exposed or buried. However, the phy- 
sico-chemical properties’ of residues can be used to obtain such 
information. In particular the hydrophobic character’, is a useful 
parameter in these studies. The hydrophobic character as 
defined by the indices given by Tanford® and Jones* does not 
reflect hydrophobic environment within protein structures, but 
we introduce here a new parameter, the ‘bulk hydrophobic 
character’ obtained from an analysis of the surrounding hydro- 
phobic environment of amino acid residues in protein crystals. 
This is a better index of protein hydrophobicity, showing very 
good correlation with the extent to which residues are buried? 
(correlation coefficient r = 0.9) compared with the hydrophobic 
indices used previously, and it could be used to characterise 
tertiary structures. 

Our study is based on crystallographic data on 14 protein 
molecules (myoglobin, ribonuclease S, cytochrome c, lysozyme, 
staphyloccocal nuclease, carboxypeptidase A, subtilisin BPN’, 
a-chymotrypsin, carp myogen, cytochrome bs, apolactate 
dehydrogenase, trypsin inhibitor complex, cancanavalin A and 
flavodoxin; see ref. 6 for further details on these proteins). They 
include representative examples of all known charactéristic 
structural types of proteins defined by Levitt and Chothia’. 

We demonstrated previously‘ that a sphere of 8 A radius has 
the required volume for any one residue of a protein molecule 
for a study of the influence of the surrounding environment. In 
this report, therefore, we define the ‘surrounding hydro- 
phobicity’ of a residue as the sum of the hydrophobic indices 
assigned to the various residues that appear within an 8 A radius 
volume in the protein crystal. This parameter is given by: 


H,=¥. Lyh, 


=1 


where L,, is the total number of surrounding residues of the 7th 
type associated with the jth residue in a given protein, and A, is 
the hydrophobicity index for the jth residue. All the H values 
that belong to the same type of residue in the 14 crystals have 
been grouped together, and the arithmetic average (H) for each 
type has been calculated. These average surrounding ae 
phobicities are given in Table 1, together with the correspon ding 
individual hydrophobic indices given by Tanford® and Jones’. 
These (H) values reflect the preferred hydrophobic environ- 
ments for the residues and hence their ‘bulk hydrophobic 
character’. 
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Table 1 Average surrounding hydrophobicities and the hydro- 


phobicity indices for 20 amino acid residues occurring in globular 


proteins 
A surrounding Hydrophobicity 
hydrophobicity (H) ' index (h,) 
Residue (kcal) (kcal) 
Ala 12.97 0.87 
Asp 10.85 0.66 
Cys 14.63 1.52 
Glu 11.89 0.67 
Phe 14.00 2.87 
Gly 12.43 0.10 
His 12.16 0.87 
Ile 15.67 3.15 
Lys 11.36 1.64 
Leu 14.90 2.17 
Met 14.39 1.67 
Asn 11.42 0.09 
Pro 11.37 2.77 
Gin 11.76 0.00 
Arg 11.72 0.85 
Ser 11.23 0.07 
Thr 11.69 - 0.07 
Val 15.71 1.87 
Trp 13.93 3.77 
Tyr 13.42 2.67 


In Fig. 1 the’ individual hydrophobic index (heavy line) is 
compared with the corresponding preferred surrounding 
hydrophobicity (thin line) standardised with respect to Gin. 
Both Fig. 1 and Table 1 show that the surrounding hydro- 
phobicity is not proportional to the corresponding hydrophobic 
index of the residue. Taking the actual values given in Table 1, 
the residues can be divided into three groups: Cys, Phe, Ie, ‘Leu, 
Met, and Val with (H) values greater than 14.0 kcal belong to 
group I. Gly, Ala, His, Trp and Tyr fall into group II with (H) 
values between’ 12.0 and 14. 0 and are thus less hydrophobic 
than group I residues, and the remaining residues Asp, Glu, Lys, 
Asn, Pro, Gln, Arg, Ser and Thr with values below 12.0 kcal 
belong to group MI. Val and De have the highest surrounding 
hydrophobicity, with Leu, Cys and Met coming next in order. 
Though Val is less nonpolar than residues'such as Ile, Phe and 
Trp when defined by thermodynamic transfer measurements 
according to Tanford, the average surrounding hydrophobicity 
value suggests that this residue can easily be accommodated 
inside the molecule. The low value of (H) for Trp and Tyr 
indicate that one polar atom even in a large nonpolar side chain 
is sufficient to cause a large reduction in the hydrophobic 
environment. When considering the residues in group II, it is 
important to note that the surrounding hydrophobicity of Pro 
lies within the range observed for the polar residues. As the 
characteristic structure of proline doés not allow it to occur in 

a ee a ‘ 


Fig. 1 Comparison of the average bulk hydrophobicity of amino 
acid residues with thelr corresponding hydrophobic indices: thin- 
line, average hydrophobicity; broad line, hydrophobic index. 
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either § strands or helices except at the N terminus, it is 
restricted to loops that inevitably lie on the surface thus lowering 
the surrounding hydrophobicity. Of the polar residues Gin, Glu 
and Arg have higher hydrophobicities, and the preferred 
environments for the charged residues Asp and Lys are asso- 
ciated with the lowest surrounding hydrophobicities. 

Our results show that Val with an hydrophobic index almost 
half that of Trp, has the highest surrounding hydrophobicity. On 
the other hand, the surrounding hydrophobicity of Trp is very 
much reduced even though this residue appears at the top of the 
hydrophobicity index scale. The same conditions prevail for 
residues Tyr and Pro which, in spite of high hydrophobic indices, 
exhibit surrounding hydrophobicities similar to those of more 
polar reaidues. These observations suggest that apart from the 
nonpolarity indicated by the hydrophobic indices of amino acid 
residue side chains, both their structure and the presence of 
some polar atoms strongly influence their bulk hydrophobic 
character and hence their spatial position in protein molecules. 
Surfaces of globular proteins often contain several nonpolar 
residues’*, mainly group I residues. In our earlier report? we 
pointed out that surface nonpolar residues occur as short dis- 
torted a-helical and extended structural domains (one to three 
residues long) with the backbone polar atoms having high 
solvent accessibility. The (H} parameter therefore characterises 
the hydrophobic environment preferred by each amino acid 
residue in a globular protein and we suggest that this specific 
preference for each residue is an important factor in the folding 
of a linear chain into a globular shape. We are now studying 
applications of this parameter to protein folding. 
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ANALYSIS 79 | 


Automation in Industrial and 
Clinical Chemistry 


-The next Analysis conference will be held at The City 
University, London on 16th-18th July, 1979. 


7 This conference will focus attention on the cross- 
fertilization of ideas and concepts of automation between 
workers in clinical, industrial and academic environments. 


Automation implies a system approach that can be applied 
at all levels of the analytical procedure and when applied 
in a complete sense has in addition to a technical and 
scientific impact an influence on managerial, . 7? 
organisational and economic considerations The © 
conference will focus attention on all these aspects within 
the genera! framework of the following sessions 

_—~ Education, >: 

— New Instrumentation 

— Costing and Management 

— Applications ¿ l | 

— Standardisation 
The programme committee comprising Dr Peter 
Stockwell, Dr Fred Mitchell, Derrick Porter and Fred 

| Fearn, have invited an international team of authoritative 

speakers to provide the keynote lectures and to chair the 
various sessions Whilst the majority of speakers have 
been invited, there will be sessions for short, submitted 
papers Authors wishing to present papers in these areas 
should submit abstracts for consideration by the 
programme committee before 30th Navember 1978 


For further details on Analysis 79 contact Beverty . 
Humphrey, Scientific Symposia Ltd., 33/35 Bowling 
Green Lane, London EC1R ODA. Tal: 01-837 1212. 


Cirole No. 27 on Reader Enquiry Card. On are 
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phytochemistry - 
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Including the proceedings of symposium on the chemistry 
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Eds: S.M. ROBERTS and F. SCHEINMANN 


Charts the progress and direction of prostaglandin research 
In the past sightsen months. 

ISBN 0 08 023799 1 (H) $80.00 £30.00 
415pp : 367 lilus - 800 ih refs approx. 


* Pre-pub prica 
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$50.00 ` £25.00 
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SUPERHEAVY ELEMENTS 

Ed. M.A.K. LODHI 
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Elements, March 1978, Lubbock, Texas, USA 

Reports the latest theoretical predictions regard Ing, stability, 
reaction mechanisms and structure of superheavy elements. 
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-Ed. K.H. BOCKHOFF 
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Covers nuciser measyrement and evaluation of reactor 


physics. 
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Fenland ecology 








Fenland: Its Ancient Past and Un- 
certain Future. By Sir Harry Godwin. 
Pp. 196. (Cambridge University Press : 
London and Cambridge, 1978.) £7.95. 





THERE is no better living demonstration 
of the interaction of man with the 
natural environment anywhere in 
Britain than in the fenlands of East 
Anglia. Throughout prehistory and his- 
tory these extensive tracts of swamp- 
land and bog have proved both a 
limitation on human mobility and 
settlement and, in more recent times, a 
valuable agricultural resource. A num- 
ber of books, especially those of H. C. 
Darby, have considered man’s conflict 
and symbiosis with fenland, particularly 
from the historical geography point of 
view, but this book approaches the 
subject from the biological angle. 

In this sphere, Sir Harry Godwin is 
the ideal person to write such a book, 
for the story of the unravelling of fen- 
land’s history is essentially Godwin’s 
autobiography. Indeed, the book has a 
strongly autobiographical, almost anec- 
dotal style. It is written in an informal 
manner for a general readership; it 
avoids technical terms and jargon and 
does not carry references in the text, 
although a reading list is given at the 
end. This makes it easy, even exciting 
reading, which should prove attractive 
to students. 7 

One advantage of the relaxed style is 
that we are provided with some rare 
glimpses into those chance events in 
history which have profoundly in- 
fluenced the development of ecology in 
this country. Take, for example, that 
priceless sentence which introduces the 
chapter on pollen analysis, “In 1931, 
following a suggestion from A. G. 
Tansley, my wife began research in 
pollen analysis, a technique recently 
brought to notice by the Swede G. E. 
Erdtman .. .”. It is difficult now to 
assess the full consequences of 
Tansley’s chance remark. 

Much of the book is concerned with 
the stratigraphy and palaeoecology of 
the fenland sediments. Rooted in the 
basal clays of the fens at many sites 
were found the preserved remains of 
giant bog oaks, many having dimen- 
sions far exceeding those found com- 
monly in modern British forests; often 
they were over 27 metres in height. 


These were inundated and killed by 
rising water tables as the true fens were 
formed. Subsequently, further wood- 
land of a swampy nature developed 
over the reed bed sediments, and the 
sequence of species in these fen woods, 
leading ultimately to the establishment 


of pine, is of particular interest, for 


one finds similar developments on the 
other side of the North Sea and in 
some of the west coast submerged 
forests, as at Borth and Ynyslas, Dyfed. 

The archaeological interest of the 
fenland peats is again introduced by a 
personal reminiscence: “I recall pick- 
ing out (from the borer) what I took 
to be a bit of pine bark: licking it 


clean of peat. . . it shewed itself to be 


a struck flake of flint.” Thus began the 
excavations of Shippea Hill and 
Peacock’s Farm in fenland, now classic 
archaeological sites. 

One of the most interesting questions 
in peatland ecology raised by Godwin’s 
fen studies, is the extent to which true 
raised bog communities once flourished 
in the east of Britain. Peat cutting and 
agricultural developments have de- 
stroyed much of the evidence of past 
acidification of the fen systems leading 
to bog formation. At Woodwalton Fen, 
Godwin describes the surviving strati- 
graphic evidence for this process and at 
this site there still remain some frag- 


Mathematical models 
in immunology 


Theoretical Immunology. Edited by 


= G. I. Bell, A. S. Perelson and G. H. 


Pimbley, Jr. (Marcel Dekker: New 


York and Basel, 1978.) Sfr. 128. 


GEORGE BELL’S mass action model 


of the immune response made it res- 
pectable to use computer simulation 
in immunology. Now eight years later 
we have an opportunity to see how the 
field has progressed. This volume pro- 
vides the first way of doing this 


conveniently, and as such can be 
recommended to professionals and 
general students. Although multi- 


authored, it is not a miscellaneous col- 
lection, but has a logical sequence with 
useful introduction and indexes. 
Several of the papers come from Bell’s 


ments of a relict, acidophillic com- 
munity on the survace. 

The latter part of the book cons 
centrates on the kand of man in the 
modification of the fenland environ- 
ment, and on the habitats and species — 
lost as a result of exploitation. Perhaps — 
the most importamt message of this 
book as far as mire conservation is con- 
cerned is the vulnerability of the 
ombrotrophic, raised mire system. The 
loss of this habitat in eastern England 
cannot be repaired; such a late stage 
in mire succession takes millennia to 
develop and the lesson of the fens 
should serve as a warning to those con- 
cerned with mire ccnservation in north- 
ern and western Britain, where similar 
exploitation is now occurring and 
where similar consequences are to be 
feared. 

This book is essentially a compilation 
of scattered, largely previously pub- 
lished material, whch is presented in a 
lucid, informal and readable manner. It 
is not so much a textbook as a personal 
view of a distinctive part of Britain 
and of the development of a field of 
environmental research in which the 
author has himself played the leading 
role. L 


Peter D. Moore is Senior Lecturer in the 
Department of Plari Sciences at King’s 
College, University of London, UK. 


tee 


own group of renegade theoretical 
physicists at Los Alamos. 

As judged from this collection, 
mathematical models contribute more 
to immunology than to, say, embryo- 
logy, and less than to fisheries research. 
Reasonable assumptions about lym- 
phocyte triggering and regulation gen- 
erate models which fit well empirical 
data on affinity maturation, high and 
low zone tolerance, and cycling anti- 
body production. The models seem to 
be flexible to an extent which augures 
well for the future as new phenomena 
are discovered, bu: which makes one 
a little uneasy at present. Thus, some 
models run quite satisfactorily without 
network suppression (Bruni, Mohler), 
whereas others depend on this entirely 
(Richter, Hoffman’. Another difficulty 
is that in their latest version as ex- 
pounded here, some of the models 
have grown mathematically rather 
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baroque. 

A second group of theories deal with 
useful treatments of the MIF and 
Jerne plaque assays, the latter showing 
that several assumptions commonly 
made by experimentalists are probably 
wrong. Some common  cook-book 
analysis—for example, of antibody 
affinitty—-is omitted. A third group 
deal with local phenomena: B cell 
triggering, cell recruitment (including 
a particularly elegant treatment of 
lymphocyte traffic), and antibody fit. 
Inman’s handling of the antibody fit- 
frequency relationship improves on but 


omits reference to my earlier work. 
The weakest part comes from the 
experimentalists, who should have pro- 
vided balanced reviews. Dual recogni- 
tion is not as obscure as Burnet and 
Dutton make out, but does provide a 
problem for helper factors which Feld- 
mann skips. The networkers have yet 
to take up Raff’s challenge (Nature, 
265, 205; 1977). 
N. A. Mitchison 


N. A. Mitchison is Professor in the 
Tumour Immunology Unit, Department of 
Zoology, University of London, UK. 





Barley 
handbook 


Barley. By D. E. Briggs. Pp. 612. 
(Chapman and Hall: London, 1978.) 
£25, 





BarLey is one of those crops, like 
wheat or cotton, with a fascinating 
biology and a complicated technology 
to match. Dennis Briggs makes a 
valiant attempt at a monographic treat- 
ment of all aspects of this, the world’s 
fourth most important cereal crop. His 
book is a useful addition to the litera- 
ture, although almost inevitably it 
suffers from unevenness. 

The book begins with chapters on 
the morphology of the vegetative and 
reproductive plant. These are welcome, 
although it is unfortunate that the 
relevance and quality of some of the 
diagrams, often taken from rather 
elderly works, is doubtful; a page of 
illustrations of types of hood found in 
barley seems excessive, and better 
drawings, or even scanning electron 
micrographs, of the developing ear 
would have been valuable. The origin 
and classification of barley is discussed 
in a brief chapter and barley genetics 
are considered as a prelude to a chap- 
ter on crop improvement. To a non- 
specialist the treatment seems rather 
superficial, but a great deal of the 
recent literature is quoted, and this is 
a feature of the book as a whole. 

Three chapters on barley biochemis- 
try, grain quality and germination, and 
growth of the barley plant occupy 
about a third of the book. They are 
informative and give a comprehensive 
picture of almost every aspect of 
barley development and metabolism, at 
the price of being rather unselective 
and presenting biochemical pathways 
in somewhat exhaustive detail. 

Agricultural aspects of the barley 
crop take up five chapters. That on 
agricultural practices and yield is brief 
and on occasions rather trivial. It is 
complemented by chapters on weeds, 
pests and diseases, and problems of 


storage. Here one looks in vain for 
data on estimates of crop losses due to 
plant and insect pests, but perhaps in 
consolation we are given a formidable 
list of diseases carried by the rat. This 
rather unsatisfactory section also in- 
cludes a chapter on production and 
harvesting machinery which is of 
doubtful value. No-one is going to go 


Diatomic 
molecules 


Diatomic Molecules: Results of Ab 
Initio Calculations. By R. S. Mulliken 
and W. C. Ermler. Pp. 197. (Academic: 
New York, San Francisco and London, 
1978). $19.50. 


Ir seems churlish to greet any 
publication which has Robert Mullikan 
as an author with something less than 
total enthusiasm. His contributions to 
molecular physics have been truly 
monumental and his personality has 
inspired affection in those who know 
the man and his work. The choice of 
topic for this book again raises high 
expectations. 

Diatomic molecules have always 
been wonderful model systems on 
which to base and test theories. Their 
spectroscopy is so rich and the results 
are so accurate and unambiguous that 
they have always attracted high calibre 
experimentalists as well as theore- 
ticians. Nor is their importance 
declining: far from it, as the advent 
of lasers has provided tools for even 
more subtle experiments. The dia- 
tomic molecule has been the subject 
of vast numbers of experiments and 
its importance breaks out from the 
vicious circle of experiments being 
done for theoreticians who do calcula- 
tions to explain experiments. Two-atom 
molecules are of wider interest, 
because of their key roles in inter- 
stellar molecule formation, atmospheric 
physics, energy transfer mechanisms 
and in the development of new laser 
systems. 

The time is clearly ripe for a major 
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to this book to be informed on types 
of ploughs, drills or combine harvesters. 

The final part of the work deals 
with the many uses of this crop. Here 
the author returns to surer ground and 
the chapter on barley as animal and 
human food contains many interesting 
facts. The mysteries of malting are 
made reasonably clear in a brief but 
direct chapter and the book ends with 
a survey of the uses of barley malt, 
including the making of vinegar and 
more potable liquids. 

At the price few individuals are 
likely to purchase this book. However, 
despite its shortcomings it is a work 
which should find a place in all labora- 
tories dealing with cereals. It is to be 
hoped, however, that library copies do 
not show the blurred print which 
marred parts of the review copy. 

J. E. Dale 





J. E. Dale is Reader in Botany at the 
University of Edinburgh, UK. 


work on all aspects of the physics and 
chemistry of diatomic molecules. This 
is not that book, but any such publica- 
tion might well be dedicated to Robert 
S. Mulliken. 

The actual work under review pro- 
vides a survey and analysis of com- 
putational studies of the electronic 
structure of ground and excited states 
of diatomic molecules. It is neither a 
student text nor a full monograph. It 
commences with a useful summary of 
theory which can largely be found in 
a number of other tests and which is 
probably too condensed for the novice 
and too familiar for the expert. 
Succeeding chapters treat one-electron 
molecules, two- to four-electron mole- 
cules, hydrides and finally homopolar 
and heteropolar species. 

Electron correlation is emphasised 
as are charge distributions, but the 
other molecular properties which are 
the object of ab initio calculation are 
only given a cursory treatment. The 
bibliography contains some 1976 
references but in the text an important 
1974 paper is described as ‘recent’. 

Perhaps the combination of dis- 
tinguished authors and important 
topics raises expectations which are 
bound to be disappointed. The book 
will be welcomed by the small band 
of theoreticians who work on diatomic 
molecules but will probably miss the 
potentially wider audience. It might 
just provoke someone to write or edit 
the major tome on all aspects of 
diatomics. 

Graham Richards 





Graham Richards is Lecturer in the 
Physical Chemistry Laboratory, University 
of Oxford, UK. 
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Dielectric Behaviour of Biological 
Molecules in Solution 


E. H. Grant, R. J. Sheppard, 
and C. P. South 


Dielectric studies can provide valuable information on 
the structure and properties of biological molecules 
and are finding direct applications in medicine as well 
as in biology. This survey, intended for those who need 
an introduction to this field of research, covers the 

role of dielectric studies in biophysics; dielectric 
theory; the measurement of permittivity; the analysis 
of experimental results; water and small biological 
molecules; and proteins and larger structures. £11 
Monographs on Physical Biochemistry 


Nuclear Heavy-lon Reactions 
P. E. Hodgson 


The development during the last ten years of heavy-ion 
accelerators that give nuclei enough energy to interact 
strongly has revealed a wealth of new phenomena 

that are being extensively studied. In this book for 
graduate students our present knowledge of heavy-ion 
reactions is summarized, together with the theories 
used to account for them and their application to 
determine features of nuclear structure. £18 Oxford 
Studies in Nuclear Physics 


Blood Groups and Diseases 


A. E. Mourant, Ada C. Kopec, 
and K. Domaniewska-Sobczak 


In this book, the authors bring together the widely 
scattered data on the frequencies of blood groups and 
other biochemical characters in persons suffering from 
each of a wide range of diseases, and analyse them 
statistically. The research worker is thus provided 
with a unique key to the literature; the clinician is 
shown how to apply the results by assessing 
susceptibility to specific diseases and the prognosis in 
established disease, and insome cases in planning 
treatment. £25 Oxford Monographs on Medical 
Genetics 


The Genetics of the Jews 


A. E. Mourant, Ada C. Kopec, 
and K. Domaniewska-Sobczak 


In this monograph the authors present much statistical 
data that could not be included in The Distribution of the 
Human Blood Groups (1976, £55) and they also analyse 
the available information more fully and relate it to the 
history of the communities concerned. The extensive 
work now in progress in Israel and eisewhere on 
hereditary disease has been taken into account. £12.50 
Research Monographs on Human Population Biology 
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obituary 





G. W. Kenner, 1922—1978 





With the tragic death of Professor 
G. W. Kenner at the early age of 55 


we have lost a most distinguished 
organic chemist, and the leading 
authority on peptide and protein 
synthesis. 


George Wallace Kenner was born 
in Sheffield in 1922, of parents who 
were both chemists; his father, James 
Kenner, F.R.S., became Professor of 
Technological Chemistry in Manchester 
in 1928 and George spent most of his 
boyhood there attending the Grammar 
School. Although he was educated and 
excelled on the classical side at school, 
the pull of the family profession was 
obviously strong for he turned to 
chemistry when he entered University 
in 1939. First in Manchester and then 
in Cambridge he displayed prodigious 
talents for science, still recalled by his 
contemporaries. Possibly because of 
the breadth of his education, his early 
interests in chemistry covered an un- 
usually wide span and continued to do 
so for the rest of his career. 

His first research, in Manchester 
with Professor (now Lord) Todd, was 
on nucleotide synthesis and this, 
together with the synthesis of nucleo- 
tide co-enzymes, continued when the 
group moved to Cambridge in 1944. 
The structure, chemistry, and total 
synthesis of biologically important 
compounds was to remain Kenner’s 
consuming research interest. 

In 1957, as possibly the brightest of 
Todd’s galaxy of young Cambridge 
stars, he came to Liverpool to the 
Heath Harrison Chair of Organic 
Chemistry, in succession to a select 
band of organic chemists: Sir Robert 
Robinson (1915-20), Sir lan Heilbron 
1920-33), and Alexander Robertson 
(1933-57). He found a department 
which, though well-known as a centre 
for classical natural product research, 
was rather run down and was very 
deficient in modern equipment. Sheer 
ability and enthusiasm gained him the 
support of the staff and with them he 
quickly built up an impressively equip- 
ped modern department, Almost im- 
mediately he started to plan the 
splendid Robert Robinson Laboratories 
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which, occupied in 1961, are still in the 
forefront of modern chemistry build- 
ings and now provide a permanent 
monument to his life and work. Work- 
ing in them nearly twenty years later, 
one can still sense the explosive energy 
at the origin of this particular part of 
the universe. 

He showed vision and magnanimity 
in building up the department, in 
creating the right atmosphere for good 
research, and in the staff he appointed. 
Particularly imaginative was his invita- 
tion to Alan Battersby to a new Second 
Chair of Organic Chemistry in 1962, 
one of the first such appointments in 
the country. Their combined talents 
contributed greatly to organic chemistry 
and established the department as an 
international research centre which, in 


the twenty-one years of Kenner’s 
leadership, expanded beyond re- 
cognition. 


During this time he also played an 
important part in undergraduate teach- 
ing and in University affairs. While he 
served skilfully on many major boards 
and committees, he was not a com- 
mittee man. He trusted more to the 
benign dictatorship of departmental 


heads and provided a splendid example 
of that system at its best. He became 
steadily less tolerant of recent demo- 
cratic trends in Universities and the 
associated bureaucracy; his Royal 
Society Research Professorship, which 
was the first ever held in Liverpool, 
brought a welcome relief from many 
administrative chores. 

He was deeply dedicated to his work 
and expected much of his associates; 
indeed he was fond of equating 
academic freedom with the freedom to 
work still harder! Sadly, the standards 
he demanded of himself were often un- 
attainable and he sometimes suffered, 
as perfectionists must. He always said 
and did exactly what he thought right, 
regardless of personal considerations 
and expediency. He was, nevertheless, a 
splendid colleague, charming and un- 
failingly courteous, lively and forceful, 
and there was rarely a dull moment in 
his company! He had a superb com- 
mand of English, spoken and written, 
and his early classical training often 
erupted with flair, never more pun- 
gently than when dealing with sloppi- 
ness of thought or action, from 
whatever source. Even away from the 
laboratory George did not do things by 
halves, and he gained immense pleasure 
from sailing, hill walking, and driving, 
buying and selling fast motor cars and 
motor-bikes. 

His scientific originality and judge- 
ment were widely respected and his 
services were constantly in demand by 
industrial, academic and professional 
organisations. He was a much valued 
industrial consultant and a champion 
of genuine collaboration between 
academic and industrial research, for 
which he greatly admired the Swiss. 
His extensive and important scientific 
work in Liverpool, especially in the 
fields of porphyrin and protein syn- 
thesis, culminated in the present 
herculean task of total synthesis of a 
protein closely related to the natural 
enzyme lysozyme, with the aim of 
shedding light on the mechanism of 
lysozyme action. His synthetic techni- 
ques and criteria of purity were those 
of the rigorous organic chemist since 
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he emphatically rejected the view that 
standards could be relaxed when the 
molecules became large and complex. 
The linear sequence of Liverpool 
lysozyme’s 129 amino acids, fully 
protected, has been constructed and the 
final, though demanding, phase of the 
work is concerned with removal of the 
protecting groups. Although he will 
not see the conclusion of this pioneer- 
ing work, he had already brought new 
scientific standards to the art of peptide 
synthesis and provided a firm founda- 
tion on which others can, and un- 
doubtedly will, build in the future. 

This work had brought him most 
honours and distinctions available to 
a British chemist. He was awarded the 
Meldola and Corday—~Morgan Medals, 
gave the Tilden, Simonsen, and Pedler 
Lectures of the Chemical Society, and 
the Bakerian Lecture of the Royal 
Seciety. This last, Towards Synthesis 
of Proteins (Proc. R. Soc. A 1977, 353, 
441), provides a fascinating account of 
the strategy and achievements of the 
lysozyme project. 

In spite of the constant demands 
upon him he always found time to help 
with the countless problems brought to 
him. He had an impressive memory for 
all who passed through the department 
and he followed their subsequent 
careers with genuine interest. Recent 
tragic events have shown just how 
many people respected and revered 
him, and are now left, with his wife 
and daughters, to mourn this splendid 
man. C. W. Rees 


M. V. Keldysh 


MSTISLAV VSEVOLODOVICH KELDYSH, 
former President of the Academy of 
Sciences of the USSR, died on 24 June 
1978. 

Keldysh was born in Riga in 1911. 
He graduated from the Faculty of 
Physics and Mathematics in Moscow 
State University in 1931, and then went 
to the Zhukovskii Central Aero- 
dynamics Institute, where he worked 
on mathematical aerodynamics, includ- 
ing the theory of unstable wing move- 
ments and flutter. 

Although Keldysh was later to be 
acknowledged as having played a 
founding role in the establishment of 
post-war Soviet technology—computer 
mathematics, nuclear engineering and 
space research—he remained, to the 
outside world, relatively unknown, 
save as a mathematician, until 1961, 
when he became President of the Soviet 
Academy of Sciences. Although the 
Academy still elects its President by 


secret ballot, Keldysh’s appointment 
was largely seen abroad as being 
associated with expansion of the Soviet 
space programme. 

As President of the Academy he 
played a major role in the expansion 
of Soviet science, and the development 
of a Union-wide network of scientific 
research establishments and centres. 
His speeches on the progress of Soviet 
science became a prominent feature of 
virtually all Party and academic 
occasions, 

Keldysh retired from the Presidency 
of the Academy in 1974, shortly before 
the belated celebrations of its 250th 
anniversary. He still continued, how- 
ever, to take an active part in the 
organisation of Soviet science, serving, 
for example on the Committee for 
Lenin and State Prizes. 

For his services to Soviet science, 
Keldysh was honoured during his life- 
time by the title of Hero of Socialist 
Labour (three times), Lenin and State 
prizes and numerous medals and orders 
of the Soviet Union and the countries 
of the socialist bloc. As a further and 
final tribute he was accorded a state 
funeral, his ashes being enshrined in 
the Kremlin wall. 

Vera Rich 


C. O. Hebb 


Dr CATHERINE OLDING Heres, formerly 
Deputy Chief Scientific Officer, A.R.C. 
Institute of Animal Physiology, Babra- 
ham, Cambridge, died at Cambridge 
on 26 August 1978, aged 67. 

Catherine Hebb was born in Nova 
Scotia and educated at Dalhousie Uni- 
versity, Halifax, Nova Scotia, and at 
McGill University, Montreal. Here in 
1937 she gained her Ph.D. and carried 
out her first research, on the secre- 
tory activity of the digestive glands, 
under Professor B. P. Babkin. 

In 1938, Dr Hebb came to Edinburgh 
University as a Junior Beit Memorial 
Fellow, in the Department of Physi- 
ology, under the late Professor I. de 
Burgh Daly. For the next fourteen 
years, in collaboration with Daly and 
other members of his very active de- 
partment, Catherine Hebb produced a 
series of papers on the control of the 
blood supply to the lungs by neural and 
chemical processes. During the Second 
World War, she and Daly undertook 
research in the department at Edin- 
burgh on behalf of the Air Ministry 
and the Ministry of Supply. Through- 
out this period, until 1952, Dr Hebb 
was giving lectures to undergraduates 
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in the physiology department, including 
some to the students of the refugee 
Polish Medical Faculty in Edinburgh. 

When Dr Daly was appointed first 
Director of the Agricultural Research 
Council Institute of Animal Physiology 
at Babraham, Cambridge, he invited 
Catherine Hebb to join his staff. Dr 
Hebb’s work on the lung vasculature, 
together with a year’s work with Pro- 
fessor W. Feldberg in Cambridge, 
during the tenure of a Senior Beit 
Fellowship, led her to an interest in 
the autonomic system and neurotrans- 
mitters, and it was in this field that her 
most important scientific contribution 
was made. She established at Babraham 
a first-rate neurochemical laboratory, 
and in 1965 became the head of the 
Institute’s physiology department. 

Chemical transmission from nerve- 
ending to effector organ had been 
familiar to physiologists for decades, 
but neuron-to-neuron transmission, in 
ganglia and in the central nervous 
system itself, was a newer, promising 
and technically difficult field when Dr 
Hebb began work in it. Her studies 
on the mechanism of the synthesis of 
acetylcholine, and of the distribution of 
the enzymes concerned in its meta- 
bolism, combined the techniques of bio- 
chemistry, histochemistry and classical 
pharmacology. However, among all this 
fine detail she never lost sight of the 
physiological functioning of the whole 
animal, and for this reason among 
Others, she was able to write excellent 
review articles, putting her own dis- 
coveries and those of others in their 
proper context. The Physiological 
Society monograph on the vasculature 
of the lung which she wrote in col- 
laboration with I. de Burgh Daly in 
1966 is still a standard work. 

Dr Hebb was notable for the sym- 
pathetic encouragement which she gave 
to younger workers in the field of 
neurochemistry, including a number 
from Poland, Yugoslavia, Czecho- 
slovakia, Hungary and South American 
countries. She helped to bring such 
workers to Babraham for periods of re- 
search and study, thereby disseminating 
enthusiasm for the subject and also a 
wish to emulate her own high standards 
of work. 

Dr Hebb had already been battling 
against ill-health for some ten years 
when she retired from Babraham in 
1976. Her concern for others was typi- 
fied by her request that the collection 
made to mark her retirement should be 
used to establish a loan fund to help 
staff, visiting scientists or students at 
Babraham in financial need. Contribu- 
tions to this Catherine Hebb Loan 
Fund have flowed in from every 
continent—an indication of the width 
of the affection for Catherine Hebb 
and admiration for her work. 

M. W. Stanier 
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Meetings 


7° December, Strategy for Nutrition 
Research, London (Dr M. R. Turner, 
British Nutrition Foundation, 15 
Belgrave Square, London SW1, UK). 


9 January 1979, Anmal Histo- 
chemistry, London (The Administrator, 
Royal Microscopical Society, 37/38 
St Clements, Oxford, UK). 


13-15 March, Safety of Electrical 
Instrumentation in PotentlaHy Explo- 
sive Atmospheres, Chislehurst (Mrs 
R. G. KeiHer, Sira Institute Ltd, South 
Hill, Chislehurst, Kent, UK). 


26-30 March, Quantitative Microscopy 
(Including image analysis), Cambridge 
(The Administrator, Royal Micro- 
scopical Society, 37/38 St Clements, 
Oxford, UK). 


26-28 March, Microscopy of Amor- 
phous Solids, Cambridge (The Admin- 
istrator, -Royal Microscopical Society, 
37-38 St Clements, Oxford, UK). 


28-30 March, Mechanical Properties 
of Materials at High Rates of Strain, 
Oxford (Meetings Office, The Institute 
of Physics, 47 Belgrave Square, 
London SW1, UK). 


2-6 April, Principles of EM and 
Specialised Transmission EM, Leeds 
(The Administrator, Royal Micro- 
scopical Soclety, 37/38 St Clements, 
Oxford, UK). 


9-11 April, Microscopy of Semi 
conducting Material, Oxford (The 
Administrator, Royal Microscopical 
Society, 37/38 St Clements, Oxford, 
UK). 


24-27 April, Sth International Con- 
ference on Invertebrate Tissue Culture, 
Lucerne (E. Kurstak, Département de 
Microbiologie et Immunologie, Faculté 
de Médecine, Université de Montréal, 
C.P. 6128, Succ.A. Montréal, P.Q. 
Canada H3C 3JL). 


29 April-5 May, 15th EUCHEM Con- 
ference on Stereochemistry, Burgen- 
stock (Prof. Sir Derek Barton, FRS, 
Institut de Chimie des Substances 
Naturelles, CNRS, F-91190 Gif-sur- 
Yvette, France). 


9 May, 3rd Annual Electron Micro- 
scopy Meeting, Aston (The ' Adminis- 
trator, Royal Microscopical Society, 
37/38 St Clements, Oxford, UK). 


68 June, Towards 2001-—-New In- 
formation Technology and its Future 
Impact, Torquay (Mike Allen, Bee- 
cham Pharmaceuticals, Coldharbour 
Rd, The Pinnacles, Harlow, Essex, 


Biologists, Leeds (The Administrator, 
Royal Microscopical Society, 37/38 
St Clements, Oxford, UK). 


8—14 July, International Conference on 
Climate and History, Norwich (Con- 
ference Secretary, Climatic Research 
Unit, School of Environmental 
Sciences, University of East Anglia, 
Norwich, UK). 


9-13 July, 2nd International Con 
ference on the Mechanisms of Re- 
actions in Solution, Kent (Dr John F. 
Gibson, The Chemical Society, Bur- 
lington House, London WI, UK). 


9-13 July, ist International Botanical 
Microscopy Meeting, York (The 
Administrator, Royal Microscopical 
Society, 37/38 St Clements, Oxford, 
UK). 


10-12 July, Immunocytochemistry, 
York (The Administrator, Royal 
Microscopical Society, 37/38 St 


Clements, Oxford, UK). 


16-18 July, Automation In Industrial 
and Clinical Chemistry, London 
(Beverly Humphrey, Scientific Sym- 
posia Ltd, 33/35 Bowling Green Lane, 
London ECI, UK). 


16-19 July, Endocrinology, London 
(Conference Secretary, RPMS Du 
Cane Rd, London W12, UK). 


Meetings, Awards, Appointments, 
On the Move, and Person to 
Person are listed on the ‘“‘announce- 
ments” pages of Nature. 


Entries for any of these sections 
should be sent to: Nature, 4 Little 
Essex St, London WC2, UK. 
(There is no charge for this 
service.) 


The previous list of meetings was 
in Nature of 12 October, page 
xvii. 





24--27 July, Video and Data Recording, 
Southampton (Conference Secretariat, 
Institution of Electronic and Radio 
Engineers, 99 Gower St, London WC1, 
UK). 


30 July—3 August, 7th AIRAPT Inter- 
national High Pressure Conference, Le 
Creusot (Andre Kusubov, University 
of California, Lawrence Livermore 
Laboratory, California 94550). 


13-17 August, Electron Microscopy 
Society of -America: 37th Annual 
Meeting, San Antonio (Dr William H. 
Massover, Division of Biology and 
Medicine, Brown University, Provi- 
dence, Rhode Island 02912). 


19-23 August, 3rd International Con- 


Molybdenum Co. Ltd, Imperial House, 
1/3 Grosvenor Place, London SWI, 
UK). 


20-24 August, Artificial Intelligence, 
Tokyo (Prof. Raj Reddy, Dept of 
Computer Science, Carnegie-Mellon 
University, Pittsburgh, Pennsylvania 
15213). 


20-25 August, 3rd International Con- 
ference on Surface and Colloid Science, 
Stockholm (The Swedish Institute for 
Surface Chemistry, c/o Stockholm 
Convention Bureau, Strddvagen 7C, 
S-114 56 Stockholm, Sweden). 


26-31 August, 4th International Sym- 


Secretary, Australia Academy of 
Science, PO Box 783, Canberra City, 
ACT 2601, Australia). 


28  August-1 . September, Neuro- 
chemistry of the Retina, Athens (Dr 
Nicolás G. Bazán, Instituto de Investi- 
gaciones Bioquimicas, Universidad 
Nacional del Sur-Conicet, Av Alem 
1253, 8000- Bahfa Blanca, Argentina). 


29-31 August, TUPAC Symposium on 
Mycotoxins and Phycotoxins, Lausanne 
(Prof. P. Krogh, Dept of Veterinary 
Microbiology, School of Veterinary 
Medicine, Purdue University, West 
Lafayette, Indiana 47907). 


30-31 August, Japan Conference on 
Polymers and Plastics, Tokyo (Vijay 
Mohan Bhatnagar, Alena Enterprises 
of Canada, PO Box 1779, Cornwall, 
Ontario, Canada K6H S5Y7). 
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Reports & Publications 


UK & Ireland—September 


Birth Impairments. Pp. 60. (London: Office of 
noun Economics, 162 Regent Street, Wi, 1978.) 
Jp, {19 
Health and Safety Commission. Health and Safety 
at Work (Diving Operations) Regulations. (Consultative 
Document). Pp. 19. (London: HMSO, 1978.) 50p. net. 

{19 


The Radiochemical Centre Limited, Amersham. 
Seventh Annual Report for the year ended 31st March 
1978. Pp. 20. (Amersham: The Radiochemical Centre 
Limited. 1978.) [19 

The Universities Central Council on Admissions. 
Statistical Supplement to the Fifteenth Report, 1976/ 
{977, Pp. 28. (Cheltenham: The Universities Central 
Council on Admissions, PO Box 28, 1978.3} £1.25 [19 

The Labour Party. Statements to Annual Conference. 
By the National Executive Committee. Pp. 67. (London: 
The Labour Party, Smith Square, SW1, 1973.) 45p. [219 

The Pattern and Range of Services for Problem 
Drinkers, Report by the Advisory Committee on 
Alcoholism. Pp. iii+52. (London: Department of 
Health and Social Security, SH Division, Alexander 
Fleming House, SEI, 1978.) eraris. [219 

Royal Commission on the National Health Service. 
Research Paper No. 4: Doctor Manpower 1975~2008— 
Alternative Forecasts and their Resource Implications. 
Pp. xiii +60. (London: HMSO, 1978.) £1.50 net. [219 

Philosophical Transactions of the Royal Society of 
London. A: Mathematical and Physical Sciences. 
Vol. 290, No. 1367: Atmospheric Chemistry—Response 
to Human Influence. By Jennifer A. Logan, M. J. 
Prather, S. C. Wofsy and M. B. McElroy. Pp. 187-234. 
(London: The Royal Society, 1938.) UK £3.15; 
Overseas £3.30. {229 

Tetrahedron Reports, No. 41: Bio-mimetic Osygena- 
tion. By Teruo Matsuura. Pp. 39. No. 42: Structure 
and Reactivity of Alkali Metal Enolates.. By Lloyd M. 
Jackman and Barry C. Lange. Pp. 35. No. 44: Action 
de l Hydroxylamine, de l’Hydrazine et de ses Derives 
sur les Pyrones. Par Christophe Morin et René Beugel- 
mans. Pp, 13. No. 45: Applications Récentes de fa 
Réaction de Retro-Diels-Aider en Synthése Organique. 
Par Jean Ripoll et Annick Rouessac et Francis 
Rouessac. Pp. 25. No. 46: The Synthesis of Macrocyclic 
Lactones—Approaches to Complex Macrolide Anti- 
biotics, By Thomas G. Back. Pp. 22. No. 47: The 
Problem of Conformational Effects. By N. §. Zefirov. 
Pp. 13. No. 48: Mesomeric Betaine Derivatives of 
Heteropentalenes. By Christopher A. Ramsden. 
Pp. 33. No. 49: The Biosynthesis of Aromatic Hemiter- 
penes. By Michael F. Grundon. Pp. 22. (Oxford and 
New York: Pergamon Press, 1978.) £4.95 each. [229 

international Union of Pure and Applied Chemistry: 
Physical Chemistry Division. Recommendations for 
the Presentation of Infrared Absorption Spectra in 
Data Callections—A. Condensed Phases. Prepared for 
publication by E. D. Becker, Pp. 4, £3.30. Recommended 
Reference Materials for Realization of Physicochemical 
Properties, Section: Absorbance and Wavelength. 
Edited by E. F. G. Herington. Pp. 12. £3.30 (Oxford 
and New York: Pergamon Press, 1978.) {229 

The Health Effects of Lead on Children: a Review 
of Literature Published Since 1976. Pp. 28. (Chertsey, 
Surrey: The Conservation Society, 12a Guildford 
Street, 1978.) £1. 259 

Water Research Centre. Annual Report, 1977/1978. 
Pp. 107. (Henley-on-Thames: Water Research Centre. 
45 Station Road, 1978.) {289 

Proceedings of the Royal Trish Academy. Vol. 78, 
A, No. 6: Local Invertibility of Meromorphic Operator 
Functions. By H. Bart and W. Kaballo. Pp. 37-50. 
£1.40. Vol. 78, A, No. 7: Weak Schauder Bases and 
Completeness. Pp. 31-54, 80p. Vol. 78, B, No. 2: 
The Irish Species of Two-Winged Flies (Diptera) 
Belonging to the Families Fanniidae and Muscidae. 
By R. Nash and P. J. Chandler. Pp. 13-43 £1.23. 
Vol. 78, B, Nos. 3 and 4: Intrazeolitic Cation-——Water 
Complexes: a Calorimetric Study. I Influence of the 
Zeolite Crystal Structure and Composition. Intrazeolitic 
Cation-—-Water Complexes: a Colorimetric Study. IL. 
Analysis and Correlation of Enthalpies. By B, Coughlan 
and W. M. Carroll. Pp. 45-75 £2.10 (Dublin: Royal 
Irish Academy, 1978.) (259 

Reflections on Atomic Energy History. By Margaret 
Gowiag. (The Rede Lecture 1978.) Pp. 26. (Cambridge 
and London: Cambridge University Press, 1978.) 
753p. om {269 
Review of Clinical Genetics: A Report by the MRC 
Subcommittee to Review Clinical Genetics. Pp. vi +25. 
(London: Medical Research Council, 1978.) {269 

The Behavioral and Brain Sciences, Vol. 1, No. 1, 
March 1978, Pp. 1-171. Published quarterly. (Cam- 
ee and London: Cambridge University Press, 

J 269 

Procter and Gamble, Ltd. Annual Report ete 
year ended 30th June, 1978. Pp. 8. (Gosforth, Newcastle 
upon Tyne: Procter and Gamble, Ltd., 1978.) {269 
The Geological Survey of Ireland. Guide Series. 
No, 2: Field Guide to the Caledonian and Pre-Cale- 
donian Rocks of South-East Ireland. By P, M. Brück, 
P. R. R. Gardiner, M. D. Max and C. J. Stillman. With 
contributions by D. M. Ball, J. R. J. Colthurst, S. R. 
Penney, T. J. Reeves and E. J. Schiener. Edited by 
P, M. Brück and D. Naylor. Pp. 87. No. 3: Field- 
Guide to a Traverse in the North-Western Irish 
Caledonides. By T. B. Anderson, D. H. W. Hutton, 
W. E. A. Phillips and J. C. Roberts. Edited by P. M. 
Brück and D. Naylor. Pp. 50. (Dublin: Geological 
Survey of Ireland, 1978.) {289 


Engineering Seismology. By Professor N. N. Ambra- 
seys. (Inaugural Lecture, 18 November 1975.) Pp, 
53-60. £1.75. Some Images of Optics. By Professor 
W. T. Welford. (Inaugural Lecture, 27 January 1976.) 
Pp. 45-51+4 plates. £1, Cow Green Revisited. By 
Professor J. L. Knill. (Inaugural Lecture, 10 February 
1976.) Pp. 61-71. £2. Splendours and Miseries of 
Concrete Structures. By Professor A, J. Harris. (Inau- 
gural Lecture, 24 February 1976.) Pp. 73-82. £2. 
(London: Imperial College of Science and Technology, 
1977 and 1978.) {299 


—OQOctober 


Friends of the Lake District. Reportand News Letter, 
Autumn 1978. Pp. 32. (Staveley, Kendal: Friends of the 
Lake District, Gowan Knorr, Kendal Road, 1978.) [210 

Tropical Storage Abstracts, No. 1, 1978. Pp. 14. 
(Slough: Tropical Stored Products Centre (Tropical 
Products Institute), London Road, 1978.) {210 

Overseas Development Institute. Annual Report, 
1977, Pp. 45, (London: Overseas Development In- 
stitute, 10/11 Percy Street, SH, 1978.) {210 

Repert on the British Museum (Natural History), 
1975-1977. Pp. 170. (London: British Museum 
(Natural History), 1978.) {210 

Health and Safety Commission. fonising Radiations 
(Proposals for Provisions on Radiological Protection. 
(Consultative Document.) Pp. 36. (London: HMSO, 
1978.} SOp net. {310 

National Radiological Protection Board. As Assess- 
ment of the Mancuso Study. By J. A. Reissland. Pp. 8. 


(Harwell, Didcot, Oxon: National Radiological 
Protection Board, 1978.) Obtainable from HMSO, 
London.) £1, {310 


Energy Pricing Principles. (Energy Commission 
Paper No. 16.) Comments by the Confederation of 
British Industry on Energy Commission Paper No. &. 
Pp. 6. (London: Library, Department of Energy, 
Thames House South, Millbank, SWI, 1978.) {410 


Other countries—August 


World Health Organization. The Management of 
Nutritional Emergencies in Parge Populations. By 
C. de Ville de Goyet, J. Seaman and U. Geijer. Pp. 98. 
oe WHO: London: HMSO, 1978.) mere 


A Supplement to the NIH Guidelines for Recom- 
binant DNA Research. (Laboratory Safety Mono- 
graph.) Pp. xi+ 226, (Bethesda, MD.: US Department 
of Health, Education and Welfare, Public Health 
Service, National Institutes of Health, 1978.) [298 

National Research Council Canada. Associate 
Committee on Scientific Criteria for Environmental 
Quality. Phenoxy Herbicides: Their Effects of En- 
vironmental Quality. Pp. 440. (NRCC No. 16075.) 


(Ottawa: Publications, NRCC/CNRC, 1978.) $2. [298 

University of Alaska. Research Annual Report, 
1976/1977. Pp. xiiL Fairbanks, Alaska: The 
University, 1978.) {308 


The Effects of the Ocean Disposal of Municipal 
Waste. Pp. 27. (El Segundo. CA.: Southern California 
Coastal Water Research Project, 1500 East Imperial 
Highway, 1978.) {318 

United States Department of the Interior: Geo- 
logical Survey. Professional Paper 1039: Postcrystalline 
Deformation of the Pelona Schist Bordering Leona 
Valley. South California. By James G. Evans. 
Pp. iii+ 17+ plate 1. (Washington, DC: US Govern- 
ment Printing Office, 1978.) {348 

World Health Organization. Field Guide to the 
Detection and Control of Xerophthalmia, By Alfred 
Sommer. Pp. 47. (Geneva: WHO; London: HMSO, 
1978.) Sw.fr.10; $5. {318 

Australia: Commonwealth Scientific and Industrial 
Research Organization. Tropical Crops and Pastures 
— Divisional Report. 1976/1977. Pp. 171. (Brisbane, 
Qd.: CSIRO, Tropical Crops and Pastures Division, 
1978.} (318 

World Health Organization. Technical Report 
Series, No, 622: The Promotion and Development of 
Traditional Medicine—Report of a WHO Meeting, 
Pp. 41. (Geneva: WHO; London: HMSO, 1978.) 
Sw.fr.§; $2.50, [318 


--September 


Israel: National Council for Research and Develop- 
ment. Science and Technology in Israel, 1975/76. By 
E. Tal. N. Arnen and Y. Dudai. Pp. itit+-74. (Jeru- 
salem: National Council for Research and Develop- 
ment, 1977.) {19 

Workshop Preceedings: Safety and Environmental 
Aspects of Deuterium-Tritium Fusion Power Plants. 
{(ER-821-WS:; Workshop WS-77-43, Seattle, Washing- 
ton, September 14-15, 1977.) Edited by H. J. Willen- 
berg. Pp. tii+4i. (Palo Alto, CA.: Electric Power 
Research Institute, PO Box 10412, 1978. Distributed 
by Research Reports Center, PO Box 10090, Palo 
Alto, CA.) $3.25, [19 

Infertility, Vol 1, No. i, 1978. Pp. 1-135. Sub- 
scription rate for Vol. E, 1978, containing two issues 
is $20 per volume, prepaid. (New York: Marcel 
Dekker Journals, 1978.) [219 

Repaired, Reuse, Recycling--First Steps Towards a 
Sustainable Society. By Denis Hayes. (Worldwatch 
Paper No. 23.) Pp. 45. (Washington. DC.: World- 
watch Institute, 1776 Massachusetts Avenue, NW, 
1978.) $2. [219 

Indian Forest Records, (New Series). Entomology. 
Vol. 12, No. 1: Immature Stages of Indian Coleopters 
(31)}-—Description of Egg, Larva and Pupa of Cashew 
Stem and Root Borer, Plocaederus ferrugineus (Lin- 
naeus}) (Coleoptera: Cerambycidae: Cerambycinae). 
By J. C. Basu Choudhuri and M. P. Misra. Pp. 6. 
(Delhi: Controller of Publications, 1977.) Re. 0.75; 
£0.09; $0.27. [219 
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United States Department of the Interior: Geolo- 
gical Survey. Professional Paper 813-J: Summary 
Appraisals of the Nation's Ground-Water Resources— 
Great Lakes Region. By William G. Weist, Jr. Pp. 
vi +- 30. Professional Paper 813-K ; Summary Appraisals 
of the Nation's Ground-Water Resources—Souris- 
Red-Rainy Region. By Harold ©. Reeder. Pp. vi-+ 25. 
(Washington, DC.: US Government Printing Office, 
1978.) [219 


Argonne 78: Research Highlights. Pp. 36. (Argonne 
iH: Argonne National Laboratory, 1978.) {259 
World Health Organization. Health Manpower 
Planning: Principles, Methods, Issues. Edited by T. L. 
Hall and A. Mejia. Pp. 311. (Geneva: WHO; London: 
HMSO, 1978.) Sw.fr.50. 259 
United States Department of the Interior: Geolo- 
gical Survey. Bulletin 1446: Eocene Fluvial Drainage 
Patterns and Their Implications for Uranium and 
Hydrocarbon Exploration in the Wind River Basin. 
Wyoming. By David A. Seeland. Pp. ili +21. (Washing- 
ton, DC.: US Government Printing Office, 1978.) [259 
Records of the National Museum of New Zealand. 
Vol. 1, No. 9: Epigonichthys hectori (Benham), The 
New Zealand Lancelet (Leptocardii: Epigonichthyidae). 
by C. D. Paulin. Pp, 143-147. Vol, 1, No. 10: Some 
Dee-Sea Ophiuroidea from New Zealand. By Alan 
N. Baker. Pp. 149-160. Vol. I, No. 11: Additions to the 
New Zealand Recent Molluscan Fauna, with Notes on 
Pachymeton (Palomelon}, By R, K. Dell. Pp. 161-176. 
Vol. 1, No. 12: Classification of New Zealand 
Arionacae (Mollisca: Pulmonata). A Review of the 
New Zealand Charopine Snails with Lamellate Aper- 
tures. By F. M. Climo. Pp. 177-201. Vol. 1, No. 13: 
Archarological Salvage Excavations at Paremata, 
Wellington, New Zealand. By Janet Davidson. Pp. 
203-236. Report of the Board of Trustees of the 
National Art Gallery, National Museum and National 
War Memorial for the year ended 3} March 1977. 
Pp. 34. (Wellington: National Museum of New 
Zealand, 1977 and 1978.} [259 
Smithsonian Contributions to Zoology. No. 267: 
Seven Lubbockia Species (Copepoda: Cyclopoida) 
from the Plankton of the Northeast Pacific, with a 
Review of the Genus. By Gayle A. Heron and David M. 
Damkaer. Pp. tii+36. (Washington, DC.: Smith- 
sonian Institution Press, 1978. For sale by US Govern- 
ment Printing Office.) {259 
World Health Organization. Public Health Papers 
No. 70: Personne! for Health Care--Case Studies of 
Educational Programmes. Edited by F. M. Katz and 
T. Fülöp. Pp. 260. (Geneva: WHO; London: HMSO, 
1978.) Sw.fr.21; $£10.50. [269 
United States Department of the Interior: Geological 
Survey. Professional Paper 988-A, B: Uranium in 
Phosphate Rock. By James B. Cathcart, Uranium and 
Vanadium Resources on the Moab 1°X2° Quadrangle, 
Utah and Colorado. By A. P. Butler, Jr., and R. P. 
Fisher. Pp, 22. Short Papers of the Fourth International 
Conference, Geochronology, Cosmochronology, Iso- 
tope Geology, 1978. Edited by Robert E. Zartman. 
Conference held August 20-25, 1978,in Snowmann- 
at-Aspen, Colorado, USA. Geological Survey Open- 
File Report 78-701). Pp. xiii 4-476. (Washington, 
DC: US Government Printing Office, 1978.) {269 
Energy. Mines and Resources Canada, Geological 
Survey of Canada. Bulletin 285: Detailed Sedimento- 
logical Study of Till Sheets in a Stratigraphic Section, 
Samson River, Quebec. By W. W., Shilts. Pp. 27. 
(Ottawa: Geological Survey of Canada, 1978.) 35. [279 
Annals of the South African Museum. Vol. 75, Part 
3: Southern African Cumacea. Part 3: Families Lam- 
propidae and Ceratocumatidae. By Jennifer Day. 
Pp. 137—189. Vol. 76, Part 4: The New Species of 
Harpacticoida (Crustacea, Copepoda) from Sandy 
Beaches in Algoa Bay, South Africa, With Keys to the 
Genera Arenosetella, Hastigerella, Leptastacus and 
Psammastacus. By Anton McLachlan and Colin G. 
Moore, Pp. 191-211. (Cape Town: South African 
Museum, 1978.) {28 
Publications du Centre National pour Exploitation 
des Oceans (CNEXO). Résultats des Campagnes a la 
Mer. No. 18: Campagne NIMBUS F—~Résultats 
d'Une Expéreince Menée al Aide de Bouées Dérivantes 
Localisées par Satellite dans PAtlantique Nord-Est, 
Fevrier 76-——Novembre 77. Par Francois Madelain 
et André Bilant, 96. (Brest Cedex: Département 
Scientifique, Centre Océanologique de Bretagne, I Da 


Urban Transportation Development Corporation, 
Ltd. Corporate Report 77. Pp. 27. (Toronto: Urban 
Transportation Development Corporation, Ltd., 
20 Eglinton Avenue West, 1978.) {289 

Sveriges Geologiska Undersökning. Lovö Geomagnet 
Observatory Year Book 1976. Pp. 38. (Stockholm: 
Sveriges Geologiska Undersökning, 1978.) {289 


~-October 


New Zealand. Report of the Department of Scientific 
and Industria! Research for the year ended 31 March 
1978. Pp. 64. (Wellington: Government Printer, 1978). 
80c, {310 

John F. Kennedy Institute: Center for International 
Studies. A Program for Research, Education and 
Dialogue. Tenth Annual Report. Pp. 80. (Tilburg, 
The Netherlands: John F. Kennedy Institute, pe 


Geological Survey of Western Australia. Bulletin 
124: Geology of the Perth Basin, Western Australia, 
By P. E. Playford, A. E. Cockbain and G. H. Low. 
Pp. 341 and Atlas. (Perth, WA.: Geological Survey of 
Western Australia, 1976.) 419 

World Health Organization. The Work of WHO in 
the European Region, July to December 1977, Pp. 23. 
(Copenhagen: WHO Regional Office for Europe, 
1978.) {410 
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Investigations vitro. 


Laboratory vessels, Erlenmayer 


flasks, tissue culture chambers and 
Terasaki chambers are placed 
directly in the beam path of the Wild 
M40 inverted microscope. Liquids, 
sediments, precipitates, solution 


processes, crystal formation, culture 


growth and chemical reactions can 
therefore be readily observed. 


The controls are conveniently low 


slung, and there is a six-place 
nose-piece. The base, the drive 


housing and the optics carrier forma 


single rigid unit which imparts the 
necessary stability to the instru- 
ment. The rich variety of inter- 
changeable accessories enables the 


instrument to be expanded for 


cytology, bacteriology, immunology, 
environmental studies, chemistry 
etc. The information is in brochure 
M1 140e. 


Wild Heerbrugg Ltd. 
CH -9435 Heerbrugg/Switzerland 


Wee? EE. Ex» 
HEERBRUGG 
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Microbiological Research Establishment 


| Enzymes for Clinical 


Laboratory Use 





A sterile, lyophilised mixture of 4 enzymes 
which has activity against a wide range of 
penicillins and cephalosporins, 
including cefuroxime. 


In addition to beta lactamases I and I from 
Bacillus cereus, it contains enzymes derived 
from Enterobacter cloacae and 
Escherichia coli. 


It is suitable for inactivating beta lactam 
antibiotics in samples of blood and other 
body fluids. 


Gentamycin acetyl transferase 
50 x 2 milliunits in VIALS @ £100 


A lyophilised product derived from a strain of 
Escherichia coii. 


It is suitable for determining aminoglycoside 
antibiotics including amikacin, gentamycin, 
kanamycin, neomycin and tobramycin in the 
presence of other antibiotics. 


Glycerokinase 
5000 units @ £100. 


This product is supplied as a suspension in 
3.2M ammonium sulphate (1000 unite” /mi, 
100 units*/mg protein). 


It is derived from Bacilius 
stearothermophilus grown at 55° and is very 
much more thermostable than the enzymes 
derived from E. coli and C. mycoderma. 





It is suitable for the determination 
of serum triglycerides, 


*Units defined at 30° 


3-Hydroxybutyrate dehydrogenase 
200 units @ £100 


This product is supplied as a suspension in 
3.2M ammonium sulphate (16 units/ml, 
19 units/mg protein). 


it is derived from Rhodopseudomonas 
spheroides and is used for the determination 
of ketone bodies. 


Prices include packing and delivery. UK orders 


are subject to VAT at ruling rates. Send your 
order to the Microbial Products Section, 
Microbiological Research Establishment, 
Porton, Salisbury 5P4 OG, Wiltshire, UK. 


Circle No. 12 on Reader Enquiry Card. 
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what’s new 





These notes, prepared from material 
provided by the manufacturers, are 
intended to give an outline of the range 
of products on the market. More 


detailed information may be obtained 
by circling the appropriate numbers on 


the Reader Enquiry Card, bound inside 
the cover. 

A feature on biochemicals, enzyme 
reagents, assay kits and radioimmuno- 
assay will appear in the 14 December 
issue, 


KineticSystems Corporation. Kinetic- 
Systems announce a new stand-alone 
microcomputer system for monitoring 
and control applications as well as 
countless business and personal uses. 
The development of this mini CAMAC 
crate provides proven system perform- 
ance in a smaller, more economical 
package. This version of the 8010 
Microcomputer System will accom- 
modate a wide variety of needs since 
it may be programmed in BASIC or 
assembly language. Because of the 
modularity of CAMAC, this system is 
inherently flexible and can be easily 
configured for nearly any application. 
The choice of over 1,000 CAMAC 
modules ensures that each version of an 
8010 system provides both an econ- 
omical solution to process automation 
and limitless expansion capabilities for 
future requirements. Communication 
between the microcomputer and the 
modular components of the 8010 
System is via a microcomputer peri- 
pheral bus which supports up to 64 
kilobytes of RAM and EPROM 
memory, diskette drives, and as many 
as seven crate controllers and their 
associated crates of process I/O mod- 
ules. A standard CAMAC crate can 
contain the 8010 microcomputer system 
and provide 19 additional stations for 
monitoring and control modules. The 
mini CAMAC crate version of the 
8010 system offers all the power of the 
standard configuration in a smaller 
package containing 12 stations. Two 
stations are taken by the crate control- 
ler, 10 stations are used for I/O 
modules, and the remaining non-crate 
area contains two diskette drives with 
controller, 16 kilobytes of RAM, five 
kilobytes of EPROM, a microcomputer, 
and the power supplies. The 8010 
System can drive a CAMAC serial 
highway containing up to 62 remote 
crates or a CAMAC branch highway 
containing up to seven crates. 

Circle No. 55 on Reader Enquiry Card. 





Digital equipment. A mobile, easy-to- 
use, low-cost laboratory computer 
system comprising a choice of seven 
functional modules and based on a 
PDP-11/03 processor has been an- 
nounced by Digital Equipment. Known 
as MINC, the compact cart-mounted 
computer system includes improved 
software features that make applica- 
tion development easy even for those 
who have not used a computer before. 
The software, MINC BASIC, is an 
éasy-to-learn extension of PDP-11 
BASIC. Statistics, numerical analysis, 
matrix operations and a range of other 
programs are included in an inter- 
active MINC application package. 
MINC can also run RT-11 FORTRAN 
IV for those who wish to process 
FORTRAN IV programs. All basic 
MINC configurations include a 32K- 
word PDP-11/03 with extended and 
floating point instructions sets, three 
serial line inputs and an IEEE 488 
standard bus interface enabling as 
many as 14 laboratory instruments and 





MINC from Digital Equipment 


testing devices to be supported. Also 
included is a double-density dual disk- 
ette unit for program and data 
storage and a new video graphic ter- 
minal, the VT105. The terminal has full 
alphanumeric capabilities, plus a 
graphics facility of 512 horizontal by 
240 vertical positions. Data can be pre- 
sented graphically in point or histo- 
gram mode, and alphanumerics are 
presented in upper and lower case, 
normal, underlined, bold face, and 
video reverse. Characters can also be 
presented double-height, double-width, 
or both. 

Circle No. 56 on Reader Enquiry Card. 


Bailey. Fast reading surface stainless 
steel temperature probes provide tem- 
perature readings of hard or soft 
surfaces in 2—Ss. This fast response is 
due to a reduced thermal time lag 
which is achieved by a reduced amount 
of metal in both the thermocouple and 
probe shaft. A further advantage of 
the design is improved accuracy of 
reading due to the elimination of any 
conductive cooling or heating by the 
shaft. Model BT-1 contains a type T 
(copper / constantan) micro - thermo- 
couple; model BK-I uses a type K 
(chromel/alumel) micro-thermocouple. 
The probes can be used with any 
Bailey digital thermometer or with 
other thermocouple instruments. 

Circle No. 57 on Reader Enquiry Card. 


Kevex. Three radioactive isotopes and 
a low powered X-ray tube are com- 
bined for the first time in the new 
Kevex 7000/9000 X-ray energy spectro- 
meter. A four position X-ray fluores- 
cence turret selects the desired photon 
excitation source. Monochromatic X- 
rays are provided in three energy 
regions by the selected radioisotopes 
while broad energy range excitation 
(bremsstrahlung) is supplied by the X- 
ray tube. 

Circle No. 58 on Reader Enquiry Card. 


Astro-Med. A new high-speed position 
feedback galvanometer for direct- 
writing recorders which doubles the 
accuracy of conventional galvanometer 
recorders is now available from Astro- 
Med. It incorporates the Pathfinder 
transducer and is easily interchangeable 
with all existing Astro-Med galvano- 
meters. The new position feedback 
galvanometer will increase accuracy ‘In 
a wide range of monitoring applications 
in the medical, industrial and scientific 
fields. 

Circle No. 59 on Reader Enquiry Card. 


Dyonics Inc. The new Filex-a-Lite 
provides intense cold light illumination 
for examinations yet keeps microscope 
stage uncluttered. Flex-a-Lite is a 
flexible, fibre optic light guide with a 
pair of arms that provide cross- 
illumination of the specimen or can 
light the subject from above and under- 
neath. Featuring an adjustable intensity 
range, Flex-a-Lite can provide from 
125 to 1,000 foot candles of cold light, 
without affecting delicate specimens. 
Lenses can be removed to provide 
broad, soft lighting, and accessories for 
filtering and light control are available 
for photographic applications. 

Circle No. 60 on Reader Enquiry Card. 
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APPOINTMENTS VACANT 





UNIVERSITY OF 


OKLAHOMA 
CHEMISTRY DEPARTMENT 


Applications are invited for a 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


The position is in single crystal 
X-ray diffraction of natural products, 
iid¢rochromes-iron transport com- 
younds-, cyclic peptides and mole- 
cules of biological importance, Strong 
yackground in diffractometry, com- 
yuting and structure determination is 
‘equired. Opportunity to become in- 
rolved in the biochemistry of sidero- 
thromes, 


The appointment will be for one to 
hree years and is available immedi- 
itely. The salary is $10,000 to $12,000 
yer year. 


Applications together with curricu- 
um vitae and names of references 
ihould be sent as soon as possible fo: 

University of Oklahoma 
Department of Chemistry 
620 Parrington Oval 
Norman, OK 73019 
Attn. Dr D. van der Helm. 
The University of Oklahoma is an 


iqual Opportunity/Affirmative Action 
Imployer. TISHA) 





IMPERIAL COLLEGE 
RESEARCH ON 
LASER LIGHT 
SCATTERING: 


1. POSTGRADUATE RESEARCH 

ASSISTANT to study the detection 
ind monitoring of asbestos fibres in 
he environment. Three-year project 
‘upported by the Health and Safety 
axecutive. Applications are invited 
rom candidates with a good honours 
legree in an appropriate subject or 
‘quivalent. The successful candidate 
nay register for a higher degree. Start- 
ng salary in the range £3,384 to 
3,883 (under review) plus London 
veighting and superannuation. 


2. POSTDOCTORAL RESEARCH 
ASSISTANT to study the optical pro- 
erties of coal particles in flames, 
inder two-year research project 
ponsored by the Central Electricity 
yenerating Board, Candidates should 
wave a Ph.D. in an appropriate subject. 
tarting salary to £4,133 (under review) 
tus London weighting and super- 
nnuation. 


Applications, including curriculum 
itae and the names of two referees, 
hould be sent to Dr A. R. Jones, 
Jepartment of Chemical Engineering 
nd Chemical Technology, Imperial 
‘aHege, Prince Consort Road, London 
W7 2BY. 8045(A) 


| Quote Ref: RV/966/N. 


BIOCHEMIST—-MOLECULAR 
BIOLOGIST 


The Department of Biological 
Sciences, Carnegie-Mellon University 
invites applications from molecular 
biologists whose research interests He 
in the area of nucleic acid structure 
and/or function. Candidates should 
have postdoctoral experience, The 
position is at the assistant professor 
level, although higher appointments 
will be considered. Duties include 
teaching at the undergraduate and 
graduate level as well as maintaining 
an active research programme. Appli- 
cants should forward their curriculum 
vitae, three or more letters of refer- 
ence and g brief résumé of research 
plans to Search Committee (2), De- 
partment of Biological Sciences, 
Carnegie-Mellon University, 4400 
Fifth Ave., Pittsburgh, PA 15213. 

Carnegie-Mellon University is an 
Equal Opportunity/Affirmative Action 
Employer. T349(A) 


French Government Scholarships for 
further study and postgraduate research 
in France in Pure and Applied Science, 
Technology, Medicine, Social Sciences, 
Economics, Geography and Agriculture 
are offered for the academic year 
1979-1980. Candidates, who must be 
United Kingdom citizens, should be 
university graduates or have equiva- 
lent qualifications. Clesing date: 
December 20, 1978. Details and appli- 
cation forms from Scientific Depart- 
ment, French Embassy, 41 Parkside, 
Knightsbridge, LONDON SWIX 7JP. 
Citizens of the Commonwealth and of 
other countries should apply direct to 
French Embassies in their respective 
countries. 7904 


UNIVERSITY OF 
LIVERPOOL 
CYTOGENETICS UNIT 
TECHNICIAN /MEDICAL 
LABORATORY 
SCIENTIFIC OFFICER 


Applications are invied for a post 
associated with the cytogenetic diag- 
nostic service provided for the Merscy 
Regional Health Authority. 

Work primarily involves tissue cul- 
ture and microscopy. Experience in 
human chromosome techniques and/or 
ussue culture preferred, 

Minimum qualification O.N. C. in 
appropriate subject required. Salary 
according to qualifications and experi- 
ence in a range up to £3,060 p.a. 
and for candidates who are State 
Registered, up to £4,680 p.a. 

Application forms may be obtained 
from the Registrar, The University, 
P.O. Box 147, Liverpool L69% 3BX. 
T998(A} 





SCIENTIFIC JO 
SUB EDIT 


Owing to the expansion of our periodical department, 
we have a new post for a trainee sub editor. The job 
would suit a recently qualified graduate in one of the 
physical sciences. The successful candidate would init- 
ially work on the JOURNAL OF MATERIALS 
SCIENCE but following training, the job would expand 
to include work on other journals and on scientific books. 


Please apply in writing, with curriculum vitae, to 
Richard Stileman, Managing Director, Chapman & 
Hall, 11 New Fetter Lane, London ECa4P 4EE. 


ROSTLAY 










Division of Hormones 


POST DOCTORAL 
SCIENTIST 


POST doctoral scientist required to work on a three year 
project into research on Human Growth Hormone, Hs 
characterization and biological activities, using a variety 
of in vivo and in vitro techniques. 

Candidates (male/female) should have a good honours 
degree and research experience in a biological science. 
Appointment is for three years; salary in accordance with 
age and experience, on University lecturing scales. 
Interviews in early November. 


Application forms and further details fram Personnel 
Officer, National Institute for aromo Stendards 
and Control, Holly Hill, Hamp- Tai my E Va 

stead, NW3 6RB. Tei: 01-435- 
2232 ext 211 quoting 
reference number 0167. 











wear 










National institute for Biological Standardi and Control 
7391 (A) 









CHANGE OF ADDRES 





3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 
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Pharmacokineticist 


May & Baker Ltd., is an international Company, 
manufacturing and marketing a wide range of research 


based chemical products. 


Following a functional reorganisation, we havea 
vacancy in the Department of Drug Metabolism at our 
Research Institute at Dagenham, Essex, for a graduate 
with pharmacokinetic experience. 


The successful applicant will lead a small team 
working on the design, implementation and competent 
reporting of pharmacokinetic and bioavailability 
studies. A good knowledge of analytical apparatus and 
its application is essential and a general knowledge of 
drug metabolism is desirable. 


Benefits of employment include flexible working 


hours, bonus scheme and contributory pension scheme. 
Publication of appropriate werk is encouraged and the 
Department has active links with a number of | 
University and Clinical Pharmacokinetic Departments 


throughout the world. 


Please telephone 01-592 3060 extension 2506 for 
an application form or write with full details of age, 
experience, qualifications and present salary to 
Mrs. Phyllis Clark, Personnel Officer (Scientific Staff), 


May & Baker Ltd., 
Dagenham, Essex RM107XS 
guoting reference number 164/N/1 7999(A) 


UNIVERSITY COLLEGE OF 

NORTH WALES, BANGOR 

Applications are invited for the post 
of: 


RESEARCH OFFICER 


in the College's Department of Agri- 
culture. Applicants should have a 
degree in either: 

(i) Computer Science, preferably 
with a sound knowledge of, and 
postgraduate experience < ć mM, 
agriculture and/or animal 
genetics, or 

(2) Agriculture or Applied Genetics, 
with a postgraduate qualification 
in computer programming. 

The successful applicant will be 
required primarily to organise, develop 
and analyse a computerised data base 
on the performance and potential of 
the Cambridge Sheep breed. 

The appointment will be for 2 years 
in the first instance, and will be to the 
Uuiversities’ Research and Analogous 
LA Scale:~ £3,883 co £6,555 per annum. 

Applications {wo copies), giving 
details of qualifications and experience, 
together with the names and addresses 
of three referecs, should be sent to 
the Assistant Registrar (Personnel). 
University College of North Wales, 
Bangor, Gwynedd LL57 2DG, from 
whom “‘urther particulars may be ob- 
tained. 

Closing 
October 31, 


applications: 
ROZR(A} 


date f or 
1978, 


| CHANGE OF ADDRESS 





THE UNIVERSITY 
OF LEEDS 


DEPARTMENT OF 
ORGANIC CHEMISTRY 















Applications are invited for 
two temporary fixed-term posts of 
POSTDOCTORAL RESEARCH 


FELLOW. One post will be con- 
cerned with the chemistry of tri- 
methylene methane (with Dr R. J. 
Bushby) and the other pos: will be 
for work on the partial synthesis of 
fluorinated analogues of gibberellin 
precursors and the study of the 
effect of these analogues on the 
| biosynthesis of the gibberellins 
(with Dr B. E. Cross). Both pasts 
are available for a fixed period of 
one year. 


Salary in the range £3,883 to 
£4,382 of the IA Scale for Re- 
search and Analogous Staff 
(£3,883 to £6,558) (under review). 


Applications, giving details of 
qualifications, research experience 
and the names and addresses of 
two referees, should be sent to the 
Department of Organic Chemistry. 
The University of Leeds, Leeds 
LS2 OFT, as soon as possible. 
TIZA} 















LINCOLN COLLEGE 
New Zealand 
CHAIR IN ENTOMOLOGY 
(Agricultural Zoology) 


The Council of Lincoin College, 
University College of Agriculture, in- 
vites applications for the Chair in 
Entomology, resulting from the im- 
pending retirement of Professor R. A. 
Harrison. 


Applicants should hold an advanced 
degree in Science or Agricultural 
Science and have an established record 
of research and/or teaching in some 
branch of agricultural zoology. 

The successful applicant will be 
appointed as Head of Department and 
will be responsible ta the College 
Principal for the administration of his 
Department. 

The appointment will be made within 
the existing range of professorial 
salaries, NZ$23,012 to NZ$29,188 per 
annum, the commencing salary being 
determined by the College Council. 


Expenses of appointment reimbursed 
up to specified limits. New Zealand 
eG Supsrannuation is avail- 
able, 


Further details and general Con- 
ditions of Appointment are obtainable 
from the Secretary General, Asso- 
ciation of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, or from the Registrar of 
the University. 
Applications close on January 15, 
979, 8041(A) 





COMMONWEALTH 
AGRICULTURAL BUREAUX 
VACANCY FOR 
SECRETARY TO 
EXECUTIVE COUNCIL 


at 


Farnham House, Farnham Royal, 
Slough SLZ 3BN 


Duties- fhe Secretary will be 
responsibje to the Executive Director 
for the secretarial, administrative, 


personnel and accounting functions. 


Qualifications--Graduate candidates 
not over 50 will be preferred. Experi- 
ence in accountancy and administra- 
tion at a senior level is essential, and 


a knowledge of law and practices 
affecting employment would be an 
advantage. 


Salary in the scale £7,825 to £8,729 
with provision for superannuation. 
Initial salary according to age, qualifi- 
cations and experience. 


Applications—Full particulars may 
be obtained from the Executive 
Director, Commonwealth Agricultural 
Bureaux, Farnham House, Farnham 
Royal, Slough SLZ JBN. Completed 


forms should be returned to the 
Executive Director not later than 
November 30, 1978. 7996(A} 


RESEARCH TECHNICIAN 
GRADE 3 


required to assist with project investi- 
gating rabbit red blood cell develop- 
ment, with particular reference to 
M.R.NLA. and protein synthesis. 
Knowledge of protein fractionation, 
chromatography, centrifugation and 
radioactive techniques is desirable. 
Minimum qualifications O.N.C./HLN-C. 
or equivalent, with af least 3 years 
relevant experience. The post is 
financed by the M.R.C. for 3 years in 
the first instance. Salary on scale £3,153 








pa. rising to £3,525 pa. inclusive 
funder review). Four weeks annual 
holiday. College contributory pension 


scheme. Apply in writing with full 


details to: The Head Clerk Ref. 
204019/N, King’s College London, 
Strand WC2R 2LS. 8042(A} 


AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for appoin 
ment to the following: 


Faculty of Science 
DEPARTMENT OF BOTANY 


SENTOR LECTURER 
IN GENETICS 


Applicants for this position mus 
have broad interests in and knowledg: 
of genetics, substantial experience i 
University teaching, and a record œ 
productive research, Appointment = 
Senior Lecturer is for three years is 
the first instance with possibility c 
reappointment, after review, to retiring 
age. 

Salary on appointment will be is 
accordance with qualifications and ex: 
perience within the range $A26,365 te 
$23,737 per annum. Current exchange 
rates $A1~$US1.15; £0.58p. 


CLOSING DATE: December 2, 1978 


Other conditions: Reasonable ap: 
pointment expenses are paid. Super 
annuation benefits are available fo 
applicants who are eligible to con 
tribute. Assistance with housing i 
provided for an appointee from out 
side Canberra. 

The University reserves the right no 
to make an appointment or to make 
an appointment by invitation at any 
time. 

Prospective applicants should obtain 
the further particulars from the Asso- 
ciation of Commonwealth Universities 
(Appts), 36 Gordon Square, Londor 
WCLH OPF. RO40CA) 


re 


UNIVERSITY OF SURREY 


DEPARTMENT OF 
BIOCHEMISTRY 


RESEARCH OFFICER-- 
CANCER RESEARCH 


Applications are invited for the posë 
of Research Officer to undertake 
research into factors affecting the 
development of ling cancer. Preference: 
will be given to applicants with experi- 
ence in at feast one of the following 





areas: Biochemistry of nucleic acids, 
tumour promotors and handling of 
animals. The work is supported by the 
Medical Research Council and the 
position is tenable for two years. 


Salary: £3,384 to £3,883. 


Applications, in the form of a cure 
riculum vitae, and the names and 
addresses of two referees should be sent 
to the Staff Officer. University of 
Surrey, Guildford, Surrey GU2 SXH 
by November 10, 1978. 

Further particulars may be obtained 
from Dr G. M. Cohen, Department of 
Biochemistry, University of Surrey, or 
telephone Guildford 741281, ext. 821. 

8006(A) 





Parana wane anne a naamaan hearer 


UNIVERSITY OF 
SOUTHAMPTON 


FACULTY OF 
MATHEMATICAL STUDIES 


CHAIR OF OPERATIONAL 
RESEARCH 


Applications are invited for the 
Chair of Operational Research, Salary 
within the professorial range. Appli- 
cams should have an established repu- 
tation in the field of Operational 
Research, Further particulars may be 
obtained from the Secretary and 
Registrar, The University, Southamp- 
ton SOG SNH, and applications (11 
copies from applicants in the United 
Kingdom) must be submitted before 
November 28, 1978. Please quote ref. 
MA2/1/Na. RO22CA} 


The Advertisement offices for NATURE have moved to 


3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 | 
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Research im 
 koremaie 
SCience 


Development of analytical techniques, 
instrumentation and data handling 


The Central Research Establishment 
of the Home Office at Aldermaston, Is 
actively engaging In the overall 
research effort and co-ordination of the 
work within the Forensic Sclence 
Service, while also acting as an 
Information centre for the Service as a 
whole. The Establishment, equipped 
with the most modem and sophisticated 
techniques to analyse and examine a 
wide range of materials, currently has 
a number of challenging career 
opportunities for Research Scientists 
within four operational Divisions: 


BIOLOGY 


Opportunities for Biochemists and 
Serologists to research new methods of 
grouping human tissues, Including 
saliva, semen and hair. There is a 
particular need for a Serologist with 
wide expenence of hosprtal pathology 
laboratory or blood transfusion work, 
and for a Biochemist with knowledge 
of protein fractionation techniques 

(eg electrophoresis). 


TOXICOLOGY 


Analytical Chemists and Btochemists 
are Needed to research new methods of 
identification and quantification for 
drugs and metabolites in body tissues 


and fluids using HPLC, GLC, MS and 
RIA techniques. Experience In the fields 
of pharmacokinetics and drug 
metabolism would be an advantage. 


CHEMISTRY 


Chemists and Physicists are required 
for general trace analysis of materials of 
all kinds using XRF, IPC-Arc, Pyrolysis 
Mass Spectrometry, AAS, UV/IR 
Spectrophotometry together wrth 
computerised data storage, etc. 


INFORMATION 


This division needs Information 
Scientists, Chemists and Biologists for 
the development of data acquisition, 
storage and dissemination procedures 
for use onthe Drvision’s own 
computer and terminal facilities with 
on-line links to the Regionsl Forensic 
Science Laboratories, also for operating 
Quality Assurance and External 
Contract procedures and for answenng 
urgent requests for information from 
the regional laboratones. 


INFORMATION 
(COMPUTER SECTION) 


A further vacancy exists fora Computer 
Sclentist to work on the day-to-day 
operations of a 16K Hewlett-Packard 


21000A computer and associated 
peripheral éguipment, also invotving 
maintenance of the equipment and 
programming of new applications in 


’ forensic aclence. A knowledge of small 


computer systems and Fortran is 
essential. 


The above opportunites are available 
at Scientific Officer, Higher Scientific 
Officer and Senior Scientific Officer 
levels for which a relevant honours 
degree Is preferable. Salary levels 
according to age and experience: 

SO (£2,840-£4,410) ; HSO (£4,100- 
£5,460) at laast 2 years postgraduate 
experiance required ; SSO (£6,150- 
£6,900) at least 4 years postgraduate 
experience. Good promotion prospects. 
Non-contributory pension scheme. 


For an application form (to be 
returned by 10 November, 1978) write 
to Civili Service Commission, Alencon 
Link, Basingstoke, Hants, RG21 1JB, 
or telephone Basingstoke (0258) 
68651 (answenng service operates 
outside office hours). Please quote 


ref: $B/20/LA. 


Home Office Central Research Establishment | Se Bevo 


TECHNICIAN 


CELL BIOLOGY 


Division of Viral Products requires a surtably qualrfied 
laboratory technician to work In the field of cel) blology. 
Preference will be grven to candidates (male/female) with 
experience in tissus culture techniques of mammalian calls 
and/or biochemical techniques applied to virology. 


Salary—dependent on age, qualifications and expenence on. 


scale £3,616 to £5,034 pa. 


Applications and further details . 
from Personne! Officer, NIBSC, 
Holly Hill, Hampstead, NW3 6RB 
Tel :01-435 2232 ext 211 quoting 


reference number 0170. 


Bol 


National institute for Biological Standards and Control 


HEAD OF PHARMACOLOGY DEPARTMENT 


A leading Spanish Pharmaceutical Company situated in the 
mediterranean city of Barcelona invites applications from 


pharmacologists for the above 


mont. The man we appoint 


in a Pharmacology Depart- 


have a good honours aS 


in an appropriate discipline, a Ph.D. in Sedan ty 


several years 
maceutical 


ral experience preferably in 


eee 


The successful applicant will be responsible to the director 
of Biological Sciences and must be able to formulate and 
organise research and development projects and collaborate 
with the other departments in the Biological and Chemical 


science groups. 


Knowledge of Spanish is not initially essential but the suc- 
ul candidate must be prepared to acquire adequate 


fluency in this language within 2 years. The 


ary is tax free 


and negotiable at around 30,000 dollars p.a. and special, 
assistance will be given for removal expézises to Barcelona. 


Applications in writing with full curriculum vitae should be 


addreased to: 
Pharma 


THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited for the 

temporary post af 
DEMONSTRATOR 
the above Department from 


is tenable from January 

unti September 30, 1979 

Salary at an a point an 

TH Scale for Other Related 

(£3,384 to £5,604) (under 

review) acoordmg to age, qualifica 
tions and experience. 
Application forms 


reference ie 8 837 rei 
on for apploations 








cology Department 
P.O.B. 1583 
BARCELONA-24 (Spain) 


TIBA) 





UNIYERSITY OF 
SALFORD 
DEPARTMENT OF BIOLOGY 
POSTDOCTORAL 
. RESEARCH FELLOW 
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THE ROYAL VETERINARY 
COLLEGE 
University of London 
Division of Preclififtal Studies 


teaching u Y 
Pharmaco for the BVetMed degree 
and it is Closely linked with the 
teaching of thera The appointee 
wili also be expected to assist the 
Honours B.Sc. course, pursus re- 
search and to advance of 
the basis of vetermary 
thora pentios. 
ts are 
to in t with either the Head 


by and 
Superannuation under the Universities’ 
sohemne. 

The post is available from a dats 


up to £800 may 
be reim in approved = circum- 
stanoes 


form end further dotalls 


TIONS: eceniben 3 





QUEEN MARY COLLEGE 
University of London 


Applications are invited for the post 
of OLECULAR GENETICIST to 
undertake on the genetic 
mantpulation of yeast with speolal 
reference to transformation = studies. 
Applicants should have research er- 

noo in Mocrobial Genetics and/or 


ory 
ance with the Company’s own scale 
will be offered to the miccessful candi- 
date. Further details will be given at 
interview. 

Applications should be made by 
October 77 to‘ Professor E A Bevan 
(N), Profesor of Genetlos, Queen 
Mary Colleges, Mile End Road, Lon- 
don El OIKA) 


Please mention 


Nature 


when replying to 
these advertisements 


The Advertisement offices for NATURE have moved to 
ECIN 2NR 








THE OPEN 
UNIVERSITY 


LECTURERS 
IN BIOLOGY 


We have two vacancies’: those 
appointed will be Invotved in the 
preperstion and maintenance of the 
dlactpline’s 2nd and 3rd ievel courses 
in One or more of the areas of Ecol 
Mammalian Physiotogy, and M 





interest in the development of the 
discipline’s future offerings in the heid 
of contnuing education, and to under- 


take reseerch—oerther independently, 
or with one of the gusting research 


write olsarty and easily and an interest: 
in distances teeching Both posts are 
tenured Salary will be on the soals 
£3,883-£7,764 (under review) and 
there are USS and other benefris 

Appicabon forms and further par- 


Offics (JD3662/4), The Open Un- 
versity, PO Box 76, Watton Hall, 


Milton Keynes, MK? GAL, or talephone 
Mitton Keynes 63888. 24 hour 


answernng service. 
Closing date for applicatons 


3rd November, 1978 'B064(A) 


QUEEN CHARLOTTE’S 
MATERNITY HOSPITAL 
Goldhawk Road, London W6 


BASIC GRADE or 
SCIENTIFIC OFFICER 
(Cytogenetics) 


Applications are invited from scienc 
graduates with honours degrees for tb 


Tel: 01-748 4666, Ext. 
Instance, 
Apploaton forms obtainable fro 


UNIVERSITY OF 


LEICESTER 
DEPARTMENT OF PHYSICS 


RESEARCH ASSOCIATE 


Applications are mvited for a 
doctoral Reosearch Associate to dads 
take a study of liquid semioconductin 


xcopy. pro m part of a wit 
ion of the properties of di 
Ss7E Oms ont F 
the Physics and su f 


The post is tenable for up to 
years and the salary u from £3, pet 
Applications with a curmoulom witt 
ami the names of two reforees shou! 
be sent to Dr C Norris, 
a University 





3 DYERS BUILDINGS, LONDON, 
TELEPHONE : 01 831-6901 


CHANGE 7 T 
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THE OPEN 
UNIVERSITY 


Faculty of 
Sclence Research 
Assistant - — 


Apploatione are invited for a post of 
Research Assistant in the Scence 


t 












wermon of the Course to be made and 
presented to students m 1979. 
informebon will be collected on the 


roatenal, 
Candidates shouid have a fret degree 
in a screntific subject and an mterest 


pesse 
Ofhoe' (JD2681/4). The Open Uni- 
veaty, P.O. Box 76, Walton Hek, ` 
Mitton Keynes, MK7 GAL, or tele- 


Pa T thers 
Ppl alec hl O 


cere ena 
BOAS(A) 


Coens date for 
"3rd November 1978. 





in the 


© advantageous. mtes will 
+% expected to teach in the B.Ed. and 
at cits pen at hse ee 
nd i ae 
€ specialization He/she also be 


A38 paa. Gie 
ail aD wad Drorido 
ion Sall Tan) ‘and provide 
wlkay visi pasagos. Famil 


CHANGE OF ADDRESS 


- ton in a 


. THE UNIVERSITY OF 


SHEFFIELD 
DEPARTMENT OF PHYSICS 


ł Dates 1 we 
sirabis on up to 
£4,382 ‘per anmum. Particu 

the R and , the Unr 





(Basic Grade Physicist Scale) 
MEDICAL LABORATORY ` 


SCIENTIFIC OFFICER 
vecencies exist in a team in- 
development 


volved in the and evalu- 
ation of blood gas SONATS 
The Phymowt/Electronics will 


r 


The Department of Zodosy 
i of the , 
University of California, Davis 
announces the vacancy of an 
ASSISTANT PROFESSORSHIP 
-~ in the area ‘of 


from persos with 

interests and eaxpenence in 

re bio p ogei 
developmental oe 
- expected to productive 
research participate 


rhb gpg biology. 
must have a Ph D, degree, Salary will 


-depend upon. qualifioations and ek- 
ences, 


. pins, of all publications, a 
summary of teaching 

three of - 

Dr R D , Chairperson ‘of the 


Search fies, «Department. 
Zoology, Unitern of Calffornia, 


anployer, 
date for receipt of apolications 
November 30, 1978. TITSCA) 








The Advertisement offices for NATURE have moved to 


3 DYERS BUILDINGS, LONDON, ECIN 2NR 
TELEPHONE : 01 831-6901 © 


IROCHERING 


arwartet Sie 


Fir unser Department Entzundungspharmakologie, mit den 
Arbeitsgtuppen Dermatologle, Rheumatologle, Allergologle, 
suchen wir einen 


Mediziner 


oder 


Biologen 
mit mehrjahriger experimenteller Erfahrung. Unser neuer Mitar- 
beiter soll die Arbeitsgruppe Rheumatologie Istten. Er wird an der 
Wirkstoffindung telinehmen und das Geblet in seinem vorklinisch 
experimentellen Teil ım Hause und extern vertreten. Der 


Schwerpunkt selner wissenschaftlichen Arbelten wird auf dem 
Gebiet der Immunologie und Molekularblologie !legen. 


Wenn Sle diases Arbertsgeblet Interessiert wurden wir uns 
freuen, mit Ihnen Kontakt aufnehmen zu konnen und mrt Ihnen 
zu diskutieren. Bitte, schicken Sie uns |hre Bewerbungsuntenlagen 
oder rufen Sle uns an (Tel. 030/468 2853 oder 468 2922), 


SCHERING AG, Pereonalabtellung Berlin 
MullerstraBe 170-178, 1000 Berlin 65 


“SCHERING AG 


8005 (A) 





SUNY at BUFFALO 
seeks applications and nominations for the post of 
CHAIRMAN, MATHEMATICS 


of about 40 faculty fncl 


Pri f the 
nS pee peaa gody R ER il AE 


referees should be sent to Professor 
Y/B, Amberst, NY 14260, by January 10, 


Vitae and names of two or 
ioe 109 Cooke Hall, 


SUNY/B m an affirmative action/equal opportunity employer BOLKA) 





xii 


UNIVERSITY OF BASEL 
FACULTY OF SCIENCE 


In connection with the reorganisation of the 
Department of Zoology applications are invited 
for the following positions: 


PROFESSOR from October 1, 1979 


ASSOCIATE PROFESSOR from 
November 1, 1979 


A further Professor is expected to be appointed 


at a later date. 


Experience is desired in one of the following 


fields: 


Sensory physiology, ecologial ethology, 


morphology including electron microscopy. 


Duties include general teaching in zoology and 
collaboration in research and teaching with 
special emphasis on ecological aspects. 


Applications stating publications, teaching ex- 
perience, curriculum vitae etc. should be sub- 
mitted until the end of December 1978. 


Address: 


Dekanat der Philosophisch-Naturwis- 


senchaftlichen Fakultät der Univer- 
sität Basel, Klingelbergstrasse 70, 
CH-4056 BASEL / Switzerland. 


ANATOMIST 


Applications are invited for a vacant 
iosition in Anatomy at the assistant 
i associate professor level, Applicants 
hould possess an M.D. and/or Ph.D., 
nd have experience in teaching gross 
natomy to medical students, Experi- 
nce in teaching embryology of 
istology woukl be an asset. 

Candidates would be expected to 
ave a strong research background. 


*xcellent facilities are available in 
\listology, neuroscience, molecular 
Hology, immunology and cell 
rhysialogy. 


Salary will be commensurate with 
xperience. 

Applicants should send a curriculum 
itae and names of three referees to 
Xx T. M. Scott, Chairman Anatomy 
arch Committee, Faculty of 
Medicine, Health Sciences Center, 
Wemorial University, St. John's, New- 
oundland, Canada AIB 3V6. 

8047(A) 


ROYAL MARSDEN 
HOSPITAL 
Downs Road, Sutton, Surrey 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER-— 
CLINICAL PATHOLOGY 


equired for Clinical Chemistry section 
f Clinical Pathology Department. 
xperience and/or interest in protein 
malysis would be useful. 


Application forms from Personne! 
Jepartment R.M.H. Londen tel: 352 
EFI Ext. 447, 

Closing date: October 31, 1978. 

BO01ICA) 





CHANGE OF ADDRES 


7992(A) 


UNIVERSITY OF EXETER 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 


RESEARCH TECHNICIAN 


required to assist in a project sup- 
ported by the S.R.C., to investigate 
the mechanism of cytoplasmic trans- 
port in cells. Previous experience in 
biochemical techniques and microscopy 
would be an advantage. 

The appointment will be for two 
years, Starting as soon as pessible, 
with a salary £2,688 to £3,060 per 
annum (Grade HD. Minimum quailifi- 
cations: O.N.C. Science and preferably 
three years’ experience. 

Applications giving full details and 
naming two referees should be sent to 
Dr H. Stebbings, Washington-Singer 
Laboratories, Perry Road, Exeter EX4 
4QG, to reach him not later than 
November 3, 1978. BO35(A) 





QUEEN’S UNIVERSITY, Kingston, 
Canada. Plant Scientist. Research and 
teaching position for a scientist with 
an established research program, pre- 
ferably in the area of plant physio- 
logy. Rank and salary are negotiable 
but are expected to be in the middle 
range. Those interested should send a 
detailed resume together with the 
names of three referees to H. M. 
Good, Chairman Selection Committee, 
Department of Biclogy, Queen’s 
University, Kingston, Ontario, Canada. 
T984(A) 
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AGRICULTURAL COLLEGE 


OF ATHENS 
t. The Agricultural College of | 
Athens, Greece, a University level | 
Institution, has a vacancy for the | 
Chair in 
FLORICULTURE AND 
LANDSCAPE 
ARCHITECTURE 


This position will be officially adver- 
tised within 1978 and it is open for 
qualified candidates who have Greek 
citizenship with a Ph.D. or equivalent 
recognised degree in Ornamental and/ 
or Environmental Horticulture. in- 
terested specialists should submit as 
soon as possible a letter with a bio- 
graphical sketch to the Dean, Professor 
D. Papamichael, Agricultural College 
of Athens, Botanikos, Athens 301, 
Greece. Details for application will be 
forwarded upon request. 

2. The Agricultural College of 
Athens, Greece, a University level 
Institution, has a vacancy for the 
Chair in 


VEGETABLE CROPS 


This position will be officially adver- 
tised within 1978 and it is open for 
qualified candidates who have Greek 
citizenship with a Ph.D. or equivalent 
recognised degree in Vegetable Crops. 
Interested specialists should submit as 
soon as possible a letter with a bio- 
graphical sketch to the Dean, Professor 
D. Papamichael, Agricultural College 
of Athens, Botanikos, Athens 301, 
Greece. Details for application will be 
forwarded upon request. T9BS(A) 





UNIVERSITY OF NAIROBI 
KENYA 


Applications are invited for the post 
of SENIOR LECTURER IN THE 
DEPARTMENT OF ANIMAL PHYSI- 
OLOGY. Applicants must have Ph.D. 
in mamalian physiology, preferably in 
ruminant gastroenterology, neurophysi- 
ology or cardiovascular physiology. 
They must have considerable teaching 
experience at University level. Appli- 
cations should be accompanied by six 
reprints of the candidate’s most im- 
portant papers as evidence of ability 
to organise and carry out meaningful 
and original research. Salary Scale: 
K£2,988 to K£3,984 pa. CKE£EE—£1,35 
Sterling). The British Government may 
supplement salary by £4,770 p.a. (Ster- 
ling) for married appointee or £3,252 
p.a. (Sterling) for single appointee 
(reviewed annually and normally free 
of all tax} and provide children’s edu- 
cation allowances and holiday visit 
passages. Family passages; S.S.S.F. or 
F.S.8S.U.: subsidised housing/housing 
allowance: non-oontributory medical 
aid scheme. Detailed applications (2 
copies) with curriculum vitae and 
naming 3 referees to be sent direct to 
Registrar, Recruitment and Training, 
University of Nairobi, P.O. Box 30197, 
Nairobi, Kenya by November 20, 1978. 
Applicants resident in the U.K. should 
also send one copy to Inter-University 
Council, 90/91 Tottenham Court Road, 
London WIP ODT. Further details may 
be obtained from either address. 

RO037(A) 





RIOCHEMIST, Probationary Grade, 
Whitley A Scales, required for the 
routine department of Chemical Path- 
ology, 17 Page Street, London 
SWIiP 2AR. Possibility of London 
M.Sc. course to follow, with excellent 
training rotation. Applicants with Ist 
or 2nd Class Honours should write to 
Professor J. R. Hobbs at the above 


Department, with the names of two 
referees, by October 30, 1978. 
ROQ7(A} 


The Advertisement offices for NATURE have 


3 DYERS BUILDINGS, LONDON, 
TELEPHONE : 01 831-6901 


UNIVERSITY COLLEGE OF 
NORTH WALES/GWYNEDD 
HEALTH AUTHORITY 
SENIOR RESEARCH 
OFFICER IN ULTRASOUND 
Applications are invited for this 
new joint appointment which provides 
a challenging opportunity to develop 
a research programme in ultrasound at 
the College, and to give scientific 
support to an evolving clinical ultra- 

sound service for North Wales. 
Applicants should have a good 
Honours degree or similar qualifica- 
tion, proven research ability and 
relevant experience. The appointment 
will be to the Universities’ Research 


and Analogous grades IA/II, £3,883 
to £7,754 per annum. 
Applications (two copies), together 


with the names and addresses of 
three referees, should be sent to the 
Assistant Registrar (Personnel), 
University College of North Wales, 
Bangor, Gwynedd, LLS7 2DG, from 
whom further particulars may be 
obtained. 

Closing date for applications: Octo- 
ber 31, 1978. TSTAC(A) 





ASSOCIATE RESEARCH 
POSITION 


Applications are invited from post- 
doctoral fellows with the experience 
and the background involved in the 
isolation and cloning of gene 
sequences, Salary commensurate with 
experience. Knowledge of German is 
not required. o. 

Forward letter of application giving 
full details and the names and 
addresses of two referees to: 

Dr A. Ruiz-Carrillo, Max-Planck- 
institut fiir Molekulare Genetik 1000 
Berlin 33, Ihnestrasse 63-73, BRD. 

797A} 





VICTORIAN COLLEGE 
OF PHARMACY LTD 
Parkville, Victoria, Australia 
DEAN 
SCHOOL OF PHARMACEUTICAL 
CHEMISTRY 
(Salary Aust.$31,789 p.a.) 


(£5118,536 at September 26, 1978 
ex, rate) 


Applications are invited for the 
above position which will become 
vacant on January 1, 1979 when the 
present holder, Dr G. N. Vaughan 
takes up the position of Dean of the 
College. 

The College is divided into three 
semi-autonomous Schools; Pharma- 
ceutics, Pharmacology and Pharma- 
ceutical Chemistry. The present Deans 
of Schoels are Professor I. H. Pitman 
(Pharmaceutics) and Professor C. 
Raper (Pharmacology). 

A fuli description of the College, 
the School of Pharmaceutical 
Chemistry and the specifications for 
the position are available from Mr R. 
Burnet, Registrar, Victorian College 
of Pharmacy Ltd., 38! Royal Parade, 
Parkville, Victoria, Australia, 3052, 
telephone [03] 380 6254). 

Preference will be given to appli- 
canis of proven strength in Medicinal 
Chemistry, but any person who has 
had experience in pharmacy and 
pharmaceutical education in any area 
related to analytical chemistry, physical 
chemistry, biological chemistry, etc., 
could be considered as suitable appli- 
cants. The position commands full 
professorial status. 

Applications close December 31, 


1978 
8017(A) 


moved to 


ECIN 2NR 
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ANIMAL HEALTH TRUST 
Small Animals Centre 
MICROBIOLOGIST 


We are expanding our microbio- 
gical facilities and wish to appoint 
microbiologist or bacteriologist to 
aipervise the running of a laboratory 
vhich services internal research pro- 
ects and provides a routine service to 
eterinary surgeons in practice. Cur- 
wnt topics of research interest include 
wcülar diseases of infectious origin, 
specially infectious bovine kerato- 
~onjunctivitis, canine renal disease and 
þe fading puppy complex. Applicants 
hould possess a g honours degree 
m a relevant discipline. Veterinary 
mirgeons are welcome to apply and 
would be expected to specialise in 
ane of the above fields. The successful 
applicant would be encouraged to 
egister for a higher degree. Salary 
tommensurate with University Scales. 
The taberatories are modern, well 
equipped and situated four miles from 
Newmarket in pleasant parkland. 
further details of the appointment can 
ae obtained from the Director, Animal 
dealth Trust, Small Animals Centre, 
Lanwades Park, Kennett, Nr. New- 
narket, Suffolk CB8 7PN. 
TIRA) 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for the post- 
doctoral post of Senior Research 
Assistant to work an a project funded 
by a Cancer Research Campaign grant 
to Dr A. G. McLennan on the use of 
viruses as probes for error-prone DNA 
repair in human fibroblasts. Experiene 
of tissue culture and nucleic acid tech- 
niques desirable. The appointment is 
for one year in the first instance and 
may be renewed for a further two 
years. Initial salary within the range 
£3,384 to £4,382 per annum. 

Applications, together with the 
names of two referees, should be 
received not later than November 3, 
1978, by The Registrar, The Univer- 
sity, P.O. Box 147, Liverpool L69 
3BX, from whom further particulars 
may be obtained. Quote Ref: RV/ 
I65/N, TORU AY 





UNIVERSITY OF 


GLASGOW 
DEPARTMENT OF 


BIOCHEMISTRY 
POSTDOCTORAL 
RESEARCH ASSISTANT 
Applications are invited for a Post- 
doctoral Research Assistant supported 
by the M.R.C. to work with Dr 
B. E H. Maden on the fine structure 
of the ribosomal genes in vertebrates. 
The work wil! involve recombinant 
DNA technology and is part of a 
group project aimed at the molecular 
sharacterisation of RNA processing 
avents during ribosome maturation, 
The appointment will commence as 
oon as possible and will continue 
antil September 14, 1981, subject to 

satisfactory progress, 

The salary will commence within 
the range £3,883 to £5,129 on Range 
LA of the salary scale for Research 
and Analogous Staff, the starting point 
o be determined by the successful 
sandidate’s age, qualifications and 
experience, 

Applications, including curriculum 
fitae and the names of two referees, 
thould be sent to Dr B., E. H. Maden, 
Department of Biochemistry, Uni- 
fersity of Glasgow, Glasgow G12 8QQ. 

In reply please quote Ref. No. 
$261M. BOSHA 
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KENYATTA UNIVERSITY 
COLLEGE—KENYA 

(a constituent college of the 
University of Nairobi) 

Applications are invited for the 
following posts in the DEPARTMENT 
OF GEOGRAPHY: — 

ASSOCIATE PROFESSOR. Candi- 
dates should hold a Ph.D. in Geo- 
graphy and considerable teaching 
experience at University level, prefer- 
ably at Senior Lecturer level. They 
should also provide evidence of suc- 
cessful research activity through 
publications in respectable geographical 
and allied journals. The appointee will 
be expected to have experience in 
training of secondary school teachers 
and to be capable of providing aca- 
demic and administrative leadership in 
the department. 


SENIOR LECTURER. Applicants 
should held a Ph.D. in Geography plus 
substantial teaching and research ex- 
perience at University level. All fields 
of specialisation will be considered 
but possession of special qualifications 
in Human Geography will be advan- 
tugequs. 

Salary scales: Associate Professor 
K£3,864 to K£4,488 per annum, Senior 
Lecturer K£2,.988 to K£3,984 per 
annum {K£} equals £1.34 sterling). 
The British Government may supple- 
ment salaries in range £4,770 to £5,052 
per annum (sterling) for married 
appointees and £3,252 to £3,438 per 
annum (sterling) for single appointees 
{reviewed annually and normally free 
of all tax) and provide children’s 
education allowances and holiday visit 
passages. Family passages; subsidized 
housing; SSS F or F.S.8.U.; non- 
contributory medical aid scheme. De- 
tailed applications {two copies) with 
curriculum vitae and naming three 
referees to be sent direct to the 
Registrar, Kenyatta University College, 
P.O. Box 48344, Nairobi, Kenya by 
November 16, 1978. Applicants resident 
in the U.K. should also send one copy 
to Inter-University Council, 90/91 
Tottenham Court Road, London WIP 
ODT. Further details may be obtained 
from either address. BOZKA) 





ELECTRON MICROSCOPE TECH- 
NICIAN required to work in a modern 
laboratory on, a research programme 
supported by the Cancer Research 
Campaign. Appointment for two years 
in the frst instance. Applicants should 
have experience in histology and elec- 
tron microscopy on biological material. 
Preference given to applicants with the 
LST. Diploma of Electron Micro- 
scopy. Salary on Whitley Council 
Scale. Applications with curriculum 
vitae and names of two referees by 
October 31, to Dr R. M. Hicks, School 
of Pathology, The Middlesex Hospital 
Medical School, London WIP 7LD. 
ROINA) 





UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF PHYSICS 

Applications are invited for the post 
of Lecturer in the Department of 
Physics. Candidates should have ex- 
perience in experimental} nuclear 
structure physics and will be expected 
to carry out their research af the 
Nuclear Structure Facility at Dares- 
bury, 

Initial salary within the range 
£3.883 1:0 £5,367 per annum on a 
scale rising ta £7,754 per annum. 

Applications, together with the 
names of three referees should be 
received not later than November 29, 
1978 by The Registrar, The University. 
P.O. Bex 147, Liverpool L69 3BX, 
from whorn further particulars may be 
obtained. Quote Ref: RV/967/N. 

BO30(A) 
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Ministry of Agriculture, 
Fisheries and Food, Plant Pathology 
Laboratory, Harpenden 





Biologist 





wm Make field surveys and visit farmers to 


determine the extent and methods of use of 
pesticides E Process data by computer. 
0 Degree, HNC or equivalent in agricultural, 


computing advantageous (} Possession of current 
driving licence essential C] Age normally under 27 
Appointment as Scientific Officer (£2840- 


£4410) O Ref: SB/18/AG. 


E Application forms (to be retarned by 13 Novem- 
ber 1978) from Civil Service Commission, 
Alencon Link, Basingstoke, Hants, RG2: 1], 
telephone Basingstoke (0256) 68541 (answering 
service if office closed). 





Safety in the Food & Cosmetic 
Industries 


Information 
Scientist 


... to work on problems associated with the 
safety in use of cosmetics, food-contact materials 
and medical devices, The work includes scanning 
literature for relevant article: for reference files, 
carrying out literature surveys on various cheme 
icals associated with cosmetics and food-contact 
materials, preparing reports and papers for con- 
sideration by expert advisory committees, collat- 
ing and evaluating data, amd consulting with 
representatives of the cosmetic and food indus- 
tries. 

Candidates, normally aged under 30, should have 
a degree or equivalent qualification in a relevant 
discipline and several years postgraduate experi- 
ence. A knowledge of toxicology would be an 
advantage. 

Appointment as Higher Scientific Officer (£ 4560- 
£5910). Starting salary according to qualifications 
and experience. Non-cortributory pension 
scheme. Promotion praspects. 

For further details and an application form {to be 
returned by 9 November 1978) write to Civil Ser- 
vice Commission, Alencon Link, Basingstoke, 
Hants, RG21 3r]B, or telephone Basingstoke 
(0256) 68551 (answering service operates outside 
office hours), Please quote ref: SBI KE. 


Department of Health & Social 
Security 8048(A) 
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THE UNIVERSITY OF BRITISH COLUMBIA 


DEPARTMENT OF 
CHEMISTRY 


f 


Applications., are invited from candidates with. 
teaching and research: interest in any aspect of IN- 
ORGANIC CHEMISTRY including BIOLOGICAL 
INORGANIC CHEMISTRY for an appointment at 
the Assistant Professorship level. 


Applications consisting of a curriculum vitae, a list 
of publications and the names and addresses of three 
referees should be sent to the undersigned before 
December 31, 1978. This post is open to both male 
and female applicants. 


Professor Charles A. McDowell 
Department of Chemistry 
University of British Columbia 
2075 Wesbrook Mall ` 
Vancouver, British Columbia 


Canada V6T 1W5 8032(A) 





THE ROWETT RESEARCH INSTITUTE 
Bucksburn, Aberdeen, ABZ 9SB 
BIOCHEMIST 
SCIENTIFIC OFFICER/HIGHER SCIENTIFIC OFFICER 


expected 
the plant coll wall that affect, its 
treatments that may increase it. 
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THE ROYAL 
VETERINARY COLLEGE 
University of London 
Division of Paraclinical Studies 
DEPARTMENT OF PATHOLOGY 
LECTURER IN 
VETERINARY PATHOLOGY 


el eaaa wil - be gien to 
apploants having somes relevant 
ence in diagnosis, 
or fickéds, but 
will be to 
tions from recent or 
SALARY ER RE- 
iInclustre of 








UNIVERSITY OF 
GLASGOW 


DEPARTMENTS OF 
BIOCHEMISTRY AND 
MEDICAL CARDIOLOGY 


Applications are invited for the post of 


and 
to Dr Jocelyn Dow 


i ig igri pa of 
pepe di 90. i 
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_ WELSH NATIONAL 
SCHOOL OF MEDICINE 
(University of Wales) 
DEPARTMENT OF MEDICAL 
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Dr N. M Wilkte 
Institute of Virology, 


Church Street 
GLASGOW GI! SJR 
as roon ag possible. TIT) 





CARDIOVASCULAR INSTITUTE 


Rg ge ae 
aol deg 


01 01.79) to investh 
in beart colls. 
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. ‘LANCHESTER 
~ POLYTECHNIC 
-AT COVENTRY 
' DEPARTMENT OF 
BIOLOGICAL SCIENCES 


. TECHNICIAN 
(Animal Physiology) 
(£3,279 to £4,146 per annum) © 
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up to 3.30 p.m. 
“Fay precoding 





is  requiréd for e a Dryland Famina Research scheme—-Phase Ill, situated at the 


‘aerial factors affecting establishment of Optimal stands of Sorghum and Maize 
_ for maximum yield over cycles of wet and dry seasons within the context of a 


Appointment 3 years. ‘Salar in range £5,700 to £9,700 p.a. plus tax-free 
_ overseas Benes in range £1,360 to £3,375. (Ref. 331.) l 


‘These posts are -wholly finariced by the British: Government under Britain's 
_. programme of aid to the developing countries. In addition to basic salary and 








ODN HELPING NATIONS HELP THEMSELVES 


i o Bao 8G r E 2% 
<a SAE E A A 





A 1 OVERSEAS 


: DEVELOPMENT 
KNOW-HOW: vital to developing countries 


Tha - + as: 
. 


A _3:MAN TEAM éonsisting of: 


(i) TROPICAL AGRONOMIST 
_ (ii) SOIL PHYSICIST 
(iii) CROP PHYSIOLOGIST ` 


Botswana 


Agricultural Research Station, Gaborone. The team will study edaphic and 


new and modified. farming system: The ‘research is closely’ associated with - 
projects evaluating the- results ünder. farmers’ conditions and establishing a 

pilot scheme for their adoption. Applicants -aged .30-65 years should be a 

graduate in science, aes soll science with preferably previous overseas 

research exp enences, 


overseas allowances other. benefits normally include paid leave, free family 
passages, childrens’ .educatidn allowances and holiday visits,: free accom- 
modation and medical attention. cal should be citizens of the United 
Kingdom. 





For: full details and ‘application form please apply quoting reference stating 
post concemed, and giving details of age, qualifications and experience to: 


Appolatments Officer, . 
_ MINISTRY OF OVERSEAS DEVELOPMENT, _ 
Room 301. Eland House, 


Stag Place London SWIE 5DH. 8018(A) 





y " Drive,- 
ham Bis 25G. 
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RESEARCH 
OFFICER 


The post is in the Laboratory for Allergens and is concerned 
with research on the standardisation of allergen extracts. 
The investigations involve both biochemical techniques and 
licensed animal work although the person appointed will be 
concerned more with the latter. 


Applicants shouid be qualified to degree level or its equivalent 
(which included immunology), preferably with two years 
experience in relevant field work. Experience with lymphocyte 


cultures would be advantageous. Candidates should not 
have any known allergies. 


Salary, depending on qualifications and experience, on the 
scale £3,615 to £5,256 including London Weighting. 


Application form and further 
Ref. No. 0168 from Personnel 
institute for Biological 
Standards and Control, Holly | 
Hill, Hampstead NW3 6RB. f 
Tel: 01-438 2232 ext 211. i 
Returnable by November 10 | 


details quoting 
Officer, National 


National Institute for Biological Standards and Control 
7990(A) 





Nature 
Binders 





Keep your copies of Nature protected in 

durable black PVC binders: 

* 20 plastic retention strips mean no loose 
parts, wire, or complex loading systems 

* title blocked in gold on spine 

* panel on spine for your own references 
Each binder is designed to take two 
volumes of Nature; three binders will 
serve for a year. 


Prices (including postage): UK £3.00 each, three for £8.00 
Rest of World US $6.00. three for US $16.00 


Orders with correct remittance should be sent to: 
Nature, Circulation Department, Macmillan Journals Ltd, 
Brunel Road, Basingstoke, Hampshire RG21 2X9, England. 
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KINGSTON 
POLYTECHNIC 
SCHOOL OF CHEMICAL AND 
PHYSICAL SCIENCES 
SENIOR TECHNICIAN: 
Applied Physics Laboratory 


Duties include repair and maine 
tenance of equipment and general 
Maintenance of the laboratory: alsa 
providing assistance to students and 
staff in developing and running their 


experiments. Varied and interesting 
work to suit someone with drive and 
enthusiasm. T3/4 grade £4,017 to 
£4,917 inclusive. 
TECHNICIAN 
Postgraduate Research 


Laboratory 


Duties include the maintenance and 
servicing of laboratory equipment plus 
general laboratory duties. It is expected 
that applicants will have at least ʻA" 
level chemistry and be able to assist 
both research students and staff in 
Various applications of their research. 
T2 grade £3,564 to £3,936 inclusive. 

Further details and application forms 
from Assistant Registrar (Personnel), 
Kingston Polytechnic, Penrhyn Road, 
Kingston upon Thames KTI 2EE. Tet: 
01-549 1366. SOSi(A) 





TECHNICIAN 
perience of histochemistry required in 
Department of Anatomy and Embryo- 


(Grade §) with ex- 


logy. Knowledge of  electron-micro- 
scopic techniques weouki be advan- 
tageous. This post is with an active 


research group and calls for adapta- 
bility and the capacity to give fech- 
nical expertise and back-up to projects 
of varying duration. Salary in range 
£3,651 to £4,185 ine. of London 
Weighting (under review). Application 
form from Personne! Officer (Technical 
Staf FB38), University College Leon- 
don, Gower Street, WCIE SBT. 
TORTMAY 


LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE 
(University of London) 
Keppel Street, WCIE 7HT 


DEPARTMENT OF 
MEDICAL MICROBIOLOGY 


A MEDICAL LABORATORY 
SCIENTIFIC OFFICER / 
SENIOR SCIENTIFIC 
OFFICER 


is required to work up to two years 
on the viruses of African haemorrhagic 
fevers. Candidates must be graduates or 
hold HNC/HND or an equivalent 
qualification and have had experience 
in electron microscop, 
salary, depending on 
experience, rises to a maximum of 
£4,284 (Scientific Officer) and £6,123 
{Senior Scientific Officer}. Pensionable 
employment. 
Applications, 
education 


Inclusive 


consisting of full 


career and details and 


naming two referees. should be sent 
to Secretary (A?) at the Schou. 
804404} 


Junior Laboratory Scientific Offcer 
required in Department of Micrabio- 
logy. Some experience of cell culture 
and virology preferable. Salary accord- 
ing to age and qualifications. Apply 
in writing, stating age and giving 
details of qualifications and experi- 
ence, to the Secretary, Guy's Hospital 
Medica! oo POO RENDE SEI 
ORT, quotin ef, M.C.4,. 

A j TRIA) 


INVERTEBRATE 
PALEONTOLOGIST 


UNIVERSITY OF 
CINCINNATI 
A tenure-track faculty position is 
invertebrate paleontology will be avail 
able at the University of Cincinnat 
as of September 1, 1979. We are seek 
mg a person with demonstrated re 
Search experience in invertebrate 
paigontology. The Ph.D. is required 
Candidates shouid possess # 
thorough kaowledge of systematics ane 
the ability to apply this knowledge te 
a wide range of problems such ay 
functional merphology, palececology’ 
biostratigraphy, or phylogeny. Teaching 
duties will be at the undergraduate 
and graduate levels, and the person 
will supervise both M.S, and Fh.De 
theses. The person will also be expectas 
to maintain an active research pros 
gram and cooperate in the depar 
mental program in paleontology. Rank 
and salary are negotiable, Deadling 
for receipt of applications is Januart 
31, 1979. 
Applications should 
brief statement of research interest 
and goals. (2) curriculum vitae ane 
experience, (3) complete bibliography’ 
and (4) names of three references: 
Applications should be submitted toe 
Dr David L. Mever, 
Depariment of Geology, 
University of Cincinnati 
Cincinnati, Ohio 45221, 
The University of Cincinnati is as 
Equal Opportunity/Affirmative Actos 
Employer BROZH AJ 


include: (1) # 


university OF wales 


UNIVERSITY 


college of 
SWANSEA 


Lecturer 


Applications are invited from 
candidates with a good honours 
degree for a vacancy of 
LECTURER in the Department of 
Botany and Microbiology. Pre- 
ference may be given to applicants 





with interests in Environmental 
Botany. 
The appointment, which is 


tenabie from January 1, 1979, will 
be made on the Lecturers’ Scale up 
to £4,882 per annum, together with 
U.S.8./U.5.D.P.S, benefits, 
Further particulars and applica. 
tion forms {2 copies} may be 
obtained from the Personnel 
Officer, University College of 
Swansea, Singleton Park, Swansea 
SA2 RPP, to whom they should 
be returned by FRIDAY, NOVEM. 
BER 16, 1978, 8065(A) 





ate 


UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF PHYSIOLOGY 
Applications are invited for the post œ 
LECTURER 


in the Department of Physiology. Ac 
interest in teaching medical student 
is desirable. There are excellent re 
search facilities. 

Initial salary, dependent on qualifice 
tions and experience, within the sca¥ 
£3,883 to £7,754 with superannuatio 
benefits. 

Further particulars from the 
Registrar, to whom applications shoul 
be sent by November 3, 1978, quotinm 
Reference NLP. BOSOC(A) 
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APPOINTMENTS VACANT 


THE ROWETT 


(£3,294 to £4,415 pa) 
or a 
HIGHER 
SCIENTIFIC OFFICER 
(£4,101 to £5,448 pa.) 


. grading. 
There is a noo-contnbutory pension 


Further details of the post may be 
of the 


y 
: 


ELSEVIER INVITES 
APPLICATIONS FOR AN 
ACQUISITION EDITOR 
IN AMSTERDAM 


present and 
salary shouki be went to the Head, 
Departimend Elsevier 


t, 
Scientific Publsahin y, P.O. 
Box 2400, Acer. e Nether- 
lands TITOLA) 


Accelerator 
Physicists 
for SNS 


Rutherford Laboratory 


The Rutherford Laboratory of the Science Research Council has 
recently undertaken to design and construct a major new 
experimental facility known as the Spallatlon Neutron Source (SNS). 
This will consist of a fast cycling 800 MeV proton synchrotron 
delivering 2.5 X 10° protons per puise at 50Hz onto a heavy target to 
roduce an Intense source of neutrons. When completed the SNS will 
a world class facility serving a wide community of research workers 

In the study of condensed matter by neutron scattering techniques. 

The Laboratory Is now seeking a number of young physicists to Join 
the design team on this advanced and challenging project. Vacancles 
are available In a number of areas of the work hich Includes such 
topics as accelerator machine theory, magnet design, vacuum 
technology, high power rf systems, electronics, control systems and 
target design. 

Sultable candidates will have graduated within the last few years and 
will be quallfied elther to carry out original design and development 
work, or to provide experimental or theoretical support within a 


project group. 
Appointment will be at either the Scientific Officer or the Higher 
Scientific Officer level, depending on age and experience. Salary will 


be In the range: 
Sclentific Officer — £3037 - £4724 
Higher Sclentific Officer — £4388 - £5829 

There Is a contributory pension scheme, generous leave and sick 
leave allowances. 

The Rutherford Laboratory Is situated on the Berkshire Downs, about 
18 miles south of Oxford. It has Its own restaurant and recreational 
facilities. Shops, banking facilltles, hostels and further sports and 
recreational clubs are available on the adjoining AERE Harwell site. 
Dally travel Is available from most of the neighbouring towns and 
villages direct to the Laboratory. 


lication forms are avallable from: 
JEANS of the Personne! Group. 
Please quote reference No. VN 747. 
Closing date for applications 
3}st October 1978 








Science Research Council 









Rutherford Laboratory, Chilton, Didcot, 
Oxfordshire OXII OQX. Tel Abingdon 21900 


SOGA) 
PRE AND POSTDOCTORAL 
POSTTIONS 
are available for studies on the protem 
do an a aa ee OF ALBERTA, | EDITORIAL ASSISTANT. Genera] 
algae phy, EDMONTON, CANADA ` Faculty Practitioner, the weekly medical nows- Scientific Officer 
romais function-—inder epee vacant in ment paper, noods an asutant to saene in Phymology , to 
conditions of growth and development edical Bacterio Rank and salary cdi He faba will be a. Teori assist with teaching laboratory dutios 
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Professor Bruce H. Sella, i ioe ony wo dane ications articles Some writing £354 London Weight Apply in 
Laboratories of Molecular Biology, with curriculum vitae to the involved, but not omental writ to , Guy's How 
Paculty of Medicine, Professor F. L. Jackson, Untveralty of Send full de to Jenny Bryan pon edal School, ' 
Health Soalences Complex, Department Medical Bactert i 1 SRT, quoting Ref. P Y.I. 
Untvrersity » Edmonton, Alberta, Haymarket Publishing, Rogont 
of Newfoundland. 7H7, OSHA) Stret, London WIA 4YJ. (A) 
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CHAIRPERSON 
DEPARTMENT OF PHARMACOLOGY 


UNIVERSITY 
OF PENNSYLVANIA 


Application is invited from highly 
qualified individuals to head . the 
Department of Pharmacology of The 
University of Pennsylvania School of 
Medicine. 

Reply to Pharmacology Search 
Committee, Dean’s Office, School of 
Medicine, University of Pennsylvania 
Philadelphia, PA. 19104. An equal 


opportunity employer. 
BOGHA) 








O NYNA 
OPEN UNIVERSITY 
PRODUCTIONS 


SCIENCE 


Applicants are Invited for one post at Production Assistant 
level. Candidates should have a good Honours Degree in 
Geology and at least two years post- University experience. 
The successful applicant will work on all aspects of the 
production of television and radio programmes for the Open 
University and will be expected to work on a wide range of 
subject disciplines. An informed Interest in Science and a 
desire to work In the fields of communication of Science by 
Television and Redio is essential. 
Open University Productions is based at Alexandra Palace but 
is expected to move to Milton Keynes in 1981. 
Salary: £5,165 p.a. (may be higher rf qualifications are 
exceptional) x £196 to £6,755 p.a. pius £410 p.a. for unsocial 
hours. Relocaton expenses considered. 
Telephone: or write Immediately for an application 
form, enclosing addressed envelope and quoting 
reference number 78.G.2680.NA, to Appolntments 
Department BBC, London WT1A 1AA. Telephone: 
- 01-680 4468 ext. 4619. 


—p00= 
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QUEEN CHARLOTTE’S 
MATERNITY HOSPITAL 
Goldhawk Road, London W6 
BASIC GRADE OR SENIOR 
SCIENTIFIC OFFICER 


(Cytogenetics) 


, LABORATORY 
An SRC POSTDOCTORAL 
in Organo-t 
Metal is avatlable from 
January I, 1 The work concerns 
the study of organo- 
metallic with 


or pl contact Dr 
M L H. Groen, Ino Ch 
, South Parks Road, Oxford 
OX! 39 87 1( 
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South Parks Road, Oxford OXT AQT 


INSTITUTE: OF 
DERMATOLOGY 
(University of London) 

A JUNIOR TECHNICIAN 
is required to. work tn the Professorial 


Unt A ts will be axpected to 
have ‘ levels im and 
chemistry or equivalent 

and the successful a amet 


UNIVERSITY OF BRISTOL 
' DEPARTMENT OF PHYSICS 


Salary within the rango £3,186 to 
ED T20 per auauai peale oDe fen te 
oes. the positron is , funded for two 








Fifth Avenue, 819. New York, 


1 1 pet 5306 
arole, (212) aay a 
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UNIVERSITY OF 
EDINBURGH 


TAIT CHAIR OF 
MATHEMATICAL 
PHYSICS 


ons ate invited for the 





RHODES UNIVERSITY 
GRAHAMSTOWN 
SOUTH AFRICA 

Applications are invited for the 
post of 


PROFESSOR OF 


ENTOMOLOGY 
with affoot ma Jan 2 oe or ss 


), ge parr 
Africa, to whom od 
t together a recent 
og shouki be sent by 4 
TITELA) 










of livestock. 






malary dopendeng on experience 


Seoretary, ARC Antmal 


AGRICULTURAL RESEARCH COUNCIL 
ANIMAL BREEDING RESEARCH ORGANISATION 


Applications are invited for a vacancy in the Depariment of Growth 
and Efficiency for work on the genetics of growth and productive effimency 






Candidates should have a first or upper second class Honours Degree 
or the equivalent in an appropriate subject and at least two yours’ post- 
qualifying experience in mathematics, statistics, genetics or animal 
sclance They should have the ability to conduct and direct large-scale 
axportmenis on cattle fed a controlled complete diet. An abfirty to analyse 
data and use extensive computing facilities «= casentlal 


Appointment as Higher Scientific Officer (£4,101 to £5,448), starting 


Further information and application forms are available from the 
Breeding Research Organiusaton, Wost Matus 
Road, Edinburgh EH9 33}Q. Closing date November 11, 1978. 8012(A) 
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AWARDS 


AUSTRALIAN INSTITUTE 
OF MARINE SCIENCE 


Postdoctoral 
Awards 


The Australian Institute of Marine Science Ís a Statutory 
Authority established in 1972. Ite functions are to carry out 
research In marine science, to assist other persons and 
institutions engaged in research In this field and to 
dissaminate Information relating to manne science. 

The Institute 18 located In modem facilriies at Cape 
Ferguson 50 kilometers from Townsville. 

A number of Postdoctoral Awards are granted each year 
by the Council of the Institute for research by young 
scientists of exceptional promise and proven capacity for 
ortginal work In the area of marine science. 

The awards are tenable at the Instrtute for penods up to 
two years. Tenure of an award 1s expected to commence 
within nine months of the award belng made. 

In general, awards are restricted to applicants who are not 
more than 30 years of age on the date when appiltations 
close. Applications may also be considered from 
candidates for the Ph.D. degree rf a theals has been 
submitted for examination. 

Stipend 

$10,059 to $14,064 per annum. 

Allowance 

A distinct allowance of $340 per annum for maried 
awardees and $180 for single awardees Is payable. 
Applications 

Persons interested in applying for an award should submit 
an application and the names and addresses of three 
professional referees to the Secretary, Australlan Institute 
of Marine Science, P.M.B. No. 3, M.S.0. Townsville, 
Queensland 4810, Australia. 

Each application should be accompanied by a curriculum 
vitae and should detail a research proposal with sclentfic 
Justification, procedures and objectives. Details of 
necessary laboratory and/or field support should be 
documented, 

Applicatons should be submitted before the 16 December, 
1978. . 8066(A) 
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LIVERPOOL 
DEPARTMENT OF 
IMMUNOLOGY 

Appbcations are Invited for the post 
of postdoctoral research fellow in ths 
Department of Immunology to work 
with Dr P M. Johnson on the inter- 
acoon of unmunologscal responses to 


Liverpool L69 3BX, from whom 
further details may be obtained ve 
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UNIVERSITY COLLEGE CORK 


FISH PATHOLOGY 


Post-Doctoral Fellowship 


The National Board for Science and Technology has provided a 
grant for a study of kidney diseases of cultured salmon and trout. ` 


The appolntment will be for one year In the first Instance 
renewable for a further two years. 


STARTING SALARY: £3,762 per annum. 
Applications with curriculum vitae and the names of two 


M. F. Mulcahy, Ph.D., 
Department of Zoology, 
University College, Cork 


CLOSING DATE: Friday, 3 November, 1978 
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GIRTON COLLEGE 


subjects. 

The fellowship ıs to the value of 
£2,475 per annum to a candidate with 
a Ph.D and £2,255 per annum to a 


candidate who not completed a 
Ph.D. The fellowship m peanonable 
under U.3S.8. 


Partsculars are avallable from the 
Secretary to the Council, QGurton 
College, Cambndge CB3 0JG to whom 
applecetions shorkd be sent by 
ovember 15, 1978. 
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POSTDOCTORAL 
FELLOWSHIP /RESEARCH 


tem from plasma membranca of a 
protozoon 


The position uw funded by the 
Medical Research Councy (Ireland) 
and for three years at a starting 
salary of £2,433 (Tax Free) 


Candidates will posmme an 
honours degree in Biochemstry or 
Chemistry and have interesis in 
protein chemsttry and cel biology. 

quires or applocations with 
a bref curreulum vitae to 
Dr H P Yoorhes, Department of 
Biochemmtry, Tmnty College, 
Dubin. 800K) 
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Science and 
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N CONFERENCE 
Third Intemational Conference 
on the Chemistry and 


Uses of Molybdenum 
the Univermty of 


A 19-23, 1979. 
pplication forms can be obtained 
from. 
Cirmax Molybdenum Co Ltd, 
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UNIVERSITY OF 
LIVERPOOL 
S.R.C. C.A S.E. 
STUDENTSHIP IN 
MATERIALS SCIENCE 


Applications are invited for a 
studentship on a project concerned 
with the structure of non-metallo 


collaboration with the 
Laboratory, who will make a payment 
to the student in eddition to the 
. The normal S R,C 
requirements will apply Applications 
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sity, PO Box 147, Livo 1 L69 
3BX Quote Ref RV/959/N. 
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Lively, readable and reliable, British Birds is the 
monthly journal for all British and Irish 
birdwatchers, professional and amateur alike. 
An internationally respected scientific journal, 
issues of British Birds build into a valuable 
reference work. 

For a year’s subscription send your name 
address, and £12 (overseas US $19.50 in 

any currency at the current exchange rate) 

to Macmillan Journals Ltd., Subscription 

Dept., Brunel Road, Basingstoke, Hampshire 
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4A removal, 
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0912 NUCLEASE, Mung Bean Sprouts 
SINGLE STRAND SPECIFIC care & 
This highly purified enzyme available onlyfrom 














RG21 2xS. P-L Biochemicals. e 
A free copy is available from the above address. 5000 units ...... ENN eee 845.00" 
| | 0852 NUCLEASE P: (Penicillium citrinum) a ae 
Og © @ | >600 units/mg. Produces 5'mononucleatides from. 
| ARASEN RE Bol 
British Birds | 1 mg. ...... ae araneses e s 940.00 
| | 0920 NUCLEASE S; (Aspergillus oryzae} ee 
i is >200,000 units/mg protein. 
_— diie. É s SINGLE STRAND SPECIFIC. = 
a . +>. | 50 Kilounits ............ tee BOTS 


0924 RIBONUCLEASE Phy | 
Free of RNase Il and acid phosphatase. 
15 units 





*Insulated container and refrigerant charge $6.00, 7 
Call or write for complete information. 
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1037 \NEST McKINLEY AVENUE ATIUW4UKEE “ABS 53205 
® Call 414/347-7442 TWX 910-262-1717 E 
Circle No. 02 on Reader Enquiry Card. 









ttle nickel May 
help solve your problems 


Sherritt’s unique products seem made for this age-particularly our pure 
or composite nickel powders, but also nickel in strip and other shapes 
and forms. Our new folder suggests the many diverse uses for this 
remarkable metal, and outlines some of nickel’s special properties— one 
of which may be just what you’re looking for. Write for the booklet: it 
may spur valuable creative ideas. Ai 


Write: Fabricated Metal Products, 
Sherritt Gordon Mines Limited, 
Fort Saskatchewan, Alberta, 
Canada, T8L 2P2. 

Or phone: (403) 998-6911 

Telex: 037-2290 





SHERRITT | 
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From the people who brought you new convenience | 
| and reproducibility with the first. 





o whe Firct Trenulationke | OU! first translation kit saved you the difficulty of 
es ae ie oe . preparing your own lysate for cell-free translation 
studies, gave you a system free of endogenous 
mRNA and high in protein synthesis activity, and — 
assured you of components tested for compatibility 
and reproducible.results. All.told, it was an excellent 
Sei" | excuse to stop cultivating rabbits. 
hosii co | Oursecond kit does all of the above, too. But, 

aCe 4 instead of Methionine, L- [*S], the tracer is Leucine, 
Me L-[3,4,5°H]—specially optimized for use with this 
oo -Ea | system. Heres what our Leucine Translation Kit 
n y | contains: 

poke Rabbit reticulocyte lysate Treated with 
micrococcal nuclease to inactivate endogenous 
mRNA and tested to guarantee high protei n synthe- 
sis activity. 


ligh activity °H tracer NET-460T, Leucine, L-[3,4,5-H], SMOCI/ mmol. 
ecial lots are prepared and tested for incorporation into protein using this 
all-free translation system. 


Translation cocktail All the necessary components for proper translation 
onditions, including buffer, biogenic polyamine, and energizer. 


-Control mRNA Purified mRNA to check the biological activity of the system. 


Salts and sterile deionized water Selected and prepared to minimize 


potential ionic or enzymatic inhibition of the eea 

Ctiot ns for use The protocol is per 
orward and includes suggested 
assay procedures. 
SO NOW there are two, and only two, = We Ss ey 
-translation kits. Call us toll-free for ¢ “uy es pr ome 
F Sein on i either or both. ee SG ; 





Caution: Not for use in humans 
or clinical diagnosis, 


















NON New England Nuclear 
alt EN Ivany Street. Boston Mass 02118 * 
Cali toll-free: 800-225-1572 


iin E i and international 617 -482- 9595) 
NEN Chemicals GmbH: D-50772 Dremeh W Germany © 
Sarera? trasse 23 | Posti ach 401240 Teles Hane tos i 8034 Thies, J. 7993 NEI ND 
NEN Canada i Ltd. Z4% 53 46ih Lane » Lachine Que HET GCS 
Tele nhione SG-3971 Telex OS-821 808 
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A revolution in ti 

















ssue culture techniques 



















x Th ák ž Ps * NaS 
e neutral protease “Dispase” is the `r 
most favourable enzyme in tissue culture \ 
techniques for the enzymatic disintegration of -= 
tissues into single cells or to keep cells in ` 
suspension culture. 





The advantages over trypsin are: 


* no damage of cell membranes * increase of the yield of living cells 


et AALA REAREA NE CCIE RARE AARAA Aa TNA AAA EAA ANN tc OA ANA OTONA TATAA A re mr AMARA AALA AA ANNANLA AAAA KAN 


ee | no loss in enzyme activity under tissue culture 
+ no inhibition of cell growth conditons 


OANNAEM LIN LC mannana anana AA ADANA ARANA AAAA AAAA aiai aA 


x no contamination by viruses or mycoplasms 
nutrient medium even with serum possible 


ee ee A TCE PCI IN ANA OTOL AAALAC NA HAI AE AAE NAMIE AEE EH OLIMAR ttt EERE A aaa Aaaa AA arai rA aae ama I HN A AANA AAAA aAA: 


Commercially available: Dispase, Grade |, Cat. No. 241750 
Dispase, Grade il, Cat. No. 165859 
Dispase/Collagenase mixture, Cat. No. 269638 


For details and working instructions please ask your local representative or: 


Boehringer Mannheim GmbH 
Biochemica 


boehringer —P.0.Box 310120 
l D-6800 Mannheim 
W. Germany 


mannheim 
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moving objects than stationary ones. 
See page 743. 
{Sdeuard Bisserot and John Topham] 


Vol. 275 No. 5682 26 October 1978 





' 0028-0836/78/0275-—1800$01.00 








Volume 275 


Is proliferation unstoppable? 

The public’s right to know 

Whither the Natural History Museum? 

Brazil learns its ecological lessons—the hat ashel way 
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Saudi Aa invests in fishing 
Stevenson to introduce new DNA legislation in US 
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High energy neutrino astronomy 
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of T lymphocyte differentiation i 
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Contribution of intermediate luminosity 
X-ray galaxies to 
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SS Cygni as a hard X-ray source 
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Long-term variability F. Li, G. Clark 
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the corona model for Sirius B 
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and J. M. Loiseaux 
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W. St Lawrence and A.J, Gow 
1, E. Galbaily and 


1 000. and 5,000-year-old Antarctic ice 


Creep rupture at depth in a cold ice sheet 





Loss of fixed nitrogen 


from soils by nitric oxide exhalation C. R. Roy 
Coaxial pure shear in Jamaican blueschists and 
deformation associated with subduction G. Draper 
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Sephacryl S 200 Supertwe 


Get gel 
Sephacryl $-200 Superfine. It has 
speed and resolution to spare. 


Cut separation times. Typical flow rates are 30 cm/hour or better in standard laboratory 
columns. 


Cut column packing times. Sephacryl is pre-swollen ready-to-use in packs of 750 mi and 
packs fast. 


Sephacryl S-200 Superfine is the new gel filtration medium for proteins, polysaccharides 
and other biopolymers. It combines excellent chemical and physical rigidity with an ex- 
lusion limit of ~ 250,000 daltons for globular proteins. Sephacryl can be used in deter- 
gents, structure-breaking media and organic solvents. It can be autoclaved repeatedly at 
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Guide to authors 


@ Review articles should be aimed 
at a relatively wide readership. 

Many reviews are invited, but 
submitted articles may also be accepted ; 
it is advisable to consult us before 
writing a review article. 

@ Articles may be up to 3,000 words 
long with at most six displayed items 
(figures and tables); they are reports of 
major research developments. 

@ Letters are brief reports of original 
research of unusual and wide interest, 
not in general longer than 1,000 words; 
they have at most three or four 
displayed items. 

@ ‘Matters Arising’ permits short 
discussion (up to 300 words) of papers 
that have recently appeared in Nature. 


Articles should be accompanied by an 
abstract of not more than fifty words. 
Letters should begin with a paragraph 
giving the background and main 
conclusions in terms intelligible to as 
wide a readership as possible. 

Manuscripts may be submitted either 
to London or Washington. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systeme International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible; exp (a) is preferred to e° if ‘a’ 
is more than one character. 

References are indicated by 
superscripts in the text. See any 
contemporary Nature for style, but note: 

(i) only one reference number need be 
used if the reference is to several papers 
by identical authors. 

(1i) first and last pages of references 
should be cited. 

Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth edn (Butterworth, 1963-65). 
Symposia are often difficult to refer to 
and only published or soon-to-be- 
published volumes should be mentioned 
in references. Their publisher and place 
of publication should be clearly indicated. 
‘Personal communication’ and ‘unpub- 
lished’ should be incorporated in text. 

Artwork should be sent with the 
manuscript and clearly marked with 
author’s name and the figure number. 
Line drawings should be either 
photographic prints or in Indian ink on 
heavy cartridge paper, tracing paper or 
similar materials. Most figures are 
reduced to one column width so originals 
should be about as wide as a page of 
Nature. To enable figures, particularly 
maps, to be edited in the same style as the 
text, they should contain only essential 
material. Ideally, an unaltered original 
and three lettered copies should be 
provided; labelling on half-tones should, 
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Is proliferation unstoppable? 


IN a mere eighteen months’ time the Non-Proliferation 
Treaty (NPT) will come up for its second review conference. 
The treaty, which came into force in 1970, is intended to 
prevent non-nuclear-weapon states building their own 
nuclear devices or recetving them from any other source; in 
return nuclear-weapon states promise not to transfer 
nuclear explosives, nor to help others build their own. A 
majority of all nations adhere to the treaty, but there are 
a number of potentially nuclear countries who have kept 
out. West Germany, Japan, Sweden and Switzerland are in, 
but Argentina, Brazil, France, India, Israel, Pakistan, 
People’s Republic of China and South Africa are not This 
latter group contains, of course, three nuclear states, two of 
which are widely regarded as virtually nuclear and others 
which could harbour nuclear-weapons ambitions. So the 
NPT could hardly be said to be an unqualified success. 

The first review of the treaty came up in 1975 and was 
not a happy occasion. The superpowers wanted to emerge 
unscathed from the conference and were largely successful. 
The price for this, however, was growing dissatisfaction 
amongst non-nuclear-weapons states, notably Mexico and 
Yugoslavia, at the way their self-denial had met with no 
real promises of restraint on vertical proliferation In the 
event no-one withdrew from the treaty, but on the other 
hand no outsider proceeded to sign. 

The 1980 conference could be much more of a cross- 
roads. Certainly the superpowers will bring a new Strategic 
Arms Limitation Treaty, and, most likely, a short-duration 
Comprehensive Test Ban as evidence of self-restraint, 
though both of these will be heavily criticised. But the real 
issues will probably be elsewhere. In the past few years, 
security of future energy supply has tended to supplant 
Other world concerns, including nuclear proliferation. So 
uranium enrichment, reprocessing and breeder reactors are 
likely to be topics of tmportance at the 1980 conference, 
and the central debate could well focus on the right of 
nations to have access to these facilities The Stockholm 
International Peace Research Institute, SIPRI, has recently 
held a conference to look at the control of fissionable 
materials in non-military applications, with a view to 
stimulating thought on these matters during the run-up to 
1980. There are clearly many areas of great concern. Tradi- 
tional methods of uranium enrichment could be challenged 
soon by jet-nozzle and vortex-tube techniques in West 
Germany and South Africa, as well as by laser separation 
methods Reprocessing facilities capable of supplying 
plutonium are being developed in several countries with an 
eye on export and with the apparent justification of the 
Non-Proliferation Treaty itself, whose Article IV urges 
states to cooperate in the further development of peaceful 
uses of nuclear energy. The technological momentum of 
breeder research. and development is making that device 
look like the logical next step for some nations, and it has 
the appeal of enormous savings on resources. Enrichment, 
reprocessing and breeding all look attractive in the absolute, 
but all open new doors to the more widespread circulation 
of weapons-grade materials. 

What, the SIPRI meeting asked, is to be set against these 
proliferative trends? The answer seems to be that no one 
measure, whether technological, political or institutional 


can in Itself stem the tide for long; the best that can be 
hoped for is that by applying as many restraints as possible 
and in as many ways as possible, non-nuclear countries con- 
sidering the acquisition of’ nuclear weapons delay long 
enough for new attitudes to have emerged, both towards 
proliferation and towards the ro.e of nuclear energy in 
national energy strategies. Amongst subjects discussed were 
the possibility of the International Nuclear Fuel Cycle 
Evaluation (INFCE) coming up with something valuable; 
the chances that an Advanced Converter Reactor devel- 
opment in the United States would lead to efficiencies which 
made a breeder reactor seem unnecessary, at least for the 
present, possible use of denatured fuel; moratoria on 
various enrichment technologies and problems posed by 
fusion-fission hybrids, particularly using inertial confine- 
ment techniques. And yet the question ultimately is not 
technological but political and institutional. Energy in- 
dependence has become a target, and with many years of 
almost unbridled enthusiasm for the atom not only in 
national but also international agencies there is much to be 
done before new attitudes emerge. 

The most overtly political and apparently progressive 
move so far—President Carter’s 1978 Non-Proliferation Act 
—has not been well-recetved everywhere. The Act puts 
strong controls on trading of nuclear materials and equip- 
ment originating in the United States, but in exchange tries 
to assure adequate safeguarded supplies to those countries 
which co-operate and which have ratified the NPT Carter 
has also, of course, been running down domestic develop- 
ment of reprocessing plants and ph tonium breeders. Some 
nations well along the nuclear road have felt this legislation 
to be discriminatory and unreasonable, even to the extent 
of wondering whether the United States, whose breeder 
development was in any case lagging, was not adopting a 
pious stance based simply on commercial opportunism. In 
truth Carter’s proliferation concern runs much deeper than 
that, but the last year has shown how unfortunate it is that 
commercial and national interests are so deeply woven into 
a fabric already criss-crossed with technological and inter- 
national problems. 

An idea put forward at the SIPRI meeting by 
A R. W Wilson, of Australia, could provide a way out of 
this bind. He proposes a nuclear fuel supply co-operative of 
states dedicated to meeting each others’ fuel and service 
requirements whilst minimising the risk of proliferation. 
Each member would undertake to agree safeguards with the 
International Atomic Energy Agency (IAEA) and to 
restrict its access to enrichment and reprocessing facilities, 
whether on its own or another country’s territory, simply 
to that amount of fuel deemed necessary by the IAEA for 
the country’s power programme. Internationally controlled 
facilities would not be excluded from the co-operative’s 
activities. The emphasis in the co-operative would be on 
mutual benefit rather than on surrender of national 
sovereignty. 

This deserves extensive discussion. Much of the criticism 
of current non-proliferation measures is their sharply dis- 
criminatory character; Dr Wilson’s proposal would re- 
present a move towards benefit-shering and should be 
widely attractive, A 
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The new exhibition schemes at the 
British Museum (Natural History) and 
the consequent changes in the more 
traditional exhibits have caused some 
consternation amongst interested 
scientists. At the recent symposium 
on Vertebrate Palaeontology and Com- 
parative Anatomy held at Reading, 
Dr R. S. Miles, Head of the Public 
Services Department of the Museum 
explained the Museum’s present policy 
towards its public exhibitions, and we 
present a summary of his talk below. 
Dr B. Halstead of the Department of 
Geology, University of Reading pre- 
sents an opposing view (right). 





Nature Vol. 275 


26 October 1978 


A new exhibition on ecology (see above) opens this week .. . 


The public’s right to know 


Tue policy of the Public Services Department about what 
we do in the galleries is not the whim of any one person in 
the Natural History Museum. It originates with the 1753 
Act of Parliament for the purchase of the Hans Sloane Col- 
lection. The British Museum Bill says: “The said Museum 
or Collection may be preserved and maintained, not only 
for the Inspection and Entertainment of the learned and the 
curious, but for the general Use and Benefit of the public.” 
The Bill, in other words, distinguished between research and 
public functions for the museum. 

What do we know about the visitors that come? The 
‘most common’ age groups are children below 11 years of 
age; 26%, are adults between 25 and 34 years of age. Of 
particular interest is the fact that children between 11 and 
16 form only 3% of our visitors and young adults between 
17 and 20 form only 11%. There is therefore some justifica- 
tion for regarding the Natural History Museum as a ‘kids’ 
museum, for children under 11. It appears that people 
come as young children, only to return when they are 
parents with their own children. So the vital years in educa- 
tion between 11 and 20 provide less than a quarter of our 
audience. 

Approximately two-thirds of our visitors have completed 
their full-time education but eight out of ten have no quali- 
fications in biology. Half of all visitors are visiting the 
museum for the first time and eight out of ten have not 
visited the museum on a previous occasion within the past 
year. 

But in a summary of results in 1977 from our Annual 
Visitor Survey we found that many people set out to visit 
the museum with the expectation of learning something: 
when they left they had learnt practically nothing, or, more 
to the point, they gave no evidence of having learned any- 
thing, and not one that we interviewed had been stimulated 
to search out information for him or herself. 

I think we are entitled to draw a few tentative con- 
clusions from this. There is little evidence that we are ful- 
filling the Advisory Board for the Research Council’s stated 
aim for the museum of attracting youngsters to science; and 
there is little sign of the university student who is supposed 
to make so much use of the public galleries in the museum. 
There would seem to be a distinct need for a new approach 
if we are going to fulfil the terms of the 1753 Bill. 

A paper submitted to Trustees for their consideration in 
February 1972 initiated the new exhibition scheme. Entitled 
‘A Proposal for a New Approach to the Visiting Public’, it 
starts by discussing the existing exhibition: “‘it is piecemeal 
and conceptually static, neglectful of natural processes and 
reflects to its loss the division of the museum into five 
separate departments.” The 1972 paper says that the new 
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exhibition should deal with all forms of life, with the origin 
of the Earth and its life, and with the major geological pro- 
cesses which have affected life. It should point out areas of 
doubt and speculation and should complement the other 
national museums in London. It would have a uniquely 
comprehensive opportunity to display the full range of 
natural history. The paper suggests that the content of the 
new exhibition should be grouped under four headings: 
man, ecology, life processes and behaviour, and evolution 
and diversity. 

There is no intention of reducing the number of 
organisms on display. On the contrary, the policy is to 
expand the exhibits illustrating diversity especially in inver- 
tebrates and plants which will be dealt with properly for 
the first time in the history of the museum. 

My department of public services was created in January 
1975 specifically to implement this new exhibition scheme. 
We want to make the museum an exciting place where the 
layman can enjoy exploring and discovering natural history. 
We need to attract an audience that is representative of the 


- general public. We must recognise the need to motivate 


visitors. 

Departmental policy gives rise to a long-term plan, which 
was represented by four documents written by museum 
scientists, members of all the departments. About 40 were 
involved in all and the four documents cover the four 
themes. The first three documents have been in the library 
of the museum since November 1972, the fourth, on evolu- 
tion and diversity, since October 1973, and open for people 
to read and send in their comments. The evolution and 
diversity document, for example, says: “. . . the aim of the 
new exhibits on these topics should demonstrate the varied 
form and structure of species now existing: the historical 
relationships between them, and their status in the latest 
stage of continuing process of change on the surface of the 
Earth.” These exhibits will contain the vast majority of the 
material now on show in the museum. The public will 
expect us to continue to provide what they have always 
found to be the most entertaining aspect of the museum- 
halls of monsters. On a more profound level, we hope the 
visitor will be able to derive an intellectually satisfying 
explanation of his origins, his unity with terrestrial life, 
and his uniqueness and his role. The exhibits will include 
Recent and fossil species and will be ordered systematically 
by relationships. 

There is a problem to be solved: the diffusion of knowl- 
edge to the general public. It is not easily solved, but by a 
process of trial and error it is possible to develop better 
solutions. Our whole approach to the operation of mounting 
the exhibits is based on this assumption. EA 
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. . . but should the museum stick to scholarly displays? 


Whither the Natural History Museum? 


IN his account of the thinking behind the new exhibition 
schemes. Dr Miles has posed clearly for the first time a 
fundamental dichotomy that exists in the concept of the role 
of the museum. The Department of Public Services has 
taken an unequivocal stand that its duty is primarily to serve 
the general public, and more than that, not to provide mere 
displays of the materials housed, but to communicate ideas 
and concepts. 

The fundamental issue was summarised succinctly at the 
meeting by Professor T. S. Westoll. If one sees the role of 
the museum as one of social engineering, then one follows 
one route, by implication that of Miles’ current policies. 
But if one sees it as a unique place in which to collect 
together in a systematic way what is contained in the natural 
world then clearly the national collection as a repository, 
with public galleries exhibiting those materials, will develop 
in a very different manner. It was evident that Miles’ con- 
ception took no account of the needs of students but was 
aimed primarily at young people with no knowledge of 
biology and he saw his main task as one in which he would 
motivate them to learn. As a body, an audience of both 
professional and amateur palaeontologists, zoologists and 
geologists was in the main unsympathetic to Miles’ thesis. 

By far the most disturbing aspect of the discussion which 
followed Miles’s talk was the strong impression of a serious 
breakdown of communication between the Museum’s De- 
partment of Public Services and the scientific staff of the 
Natural History Museum, such that one of the world’s 
leading ichthyologists on the museum staff was provoked 
to protest publicly at the recent removal of the fish exhibits 
to make way. for the Human Biology Exhibition. It is 
known that the Museum’s dinosaur expert would much have 
preferred a completely modernised Dinosaur Gallery, em- 
phasising the natural history of these extraordinary 
creatures, rather than the entirely new exhibit. largely 
concerned with reptile relationships, which is now being 
constructed in the Central Hall. The museum has 
announced its forthcoming publication on the new 
dinosaur exhibit and yet its own expert is not involved 
in its production. This in spite of the fact that as well as 
being acknowledged as a world expert, he is one of the most 
experienced people around at communicating his subject to 
young people and the general public. 

Dr H. W. Ball, the Museum’s Keeper of Palaeontology, 
has publicly stressed on numerous occasions that the 
museum has the responsibility to curate, conserve and 
display the material objects in its charge. 

It has always been assumed by people outside the 
museum, it now transpires mistakenly, that the public 
galleries reflected the responsibilities of the museum’s 
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scientific staff working in conjunction with the exhibition 
staff. The fact that the new exhibition scheme seems to be 
going ahead in spite of serious opposition from the scientific 
side of the museum is surely a matter of deep concern. 

The rigid dichotomy posed by Miles between the needs 
of the general public on the one hand and university 
students and teachers on the other is assuredly false. The 
late lamented dinosaur gallery was a case in point. It served 
the needs of the general public but ¿lso those of students 
A still extant example of the same thing is the fossil 
mammal gallery. This scholarly exhibition is filled with 
genuine specimens with explanatory diagrams and models 
accompanying them. The essence of visiting this gallery ts 
that one can see for oneself the actral evidence on which 
models and restorations have been besed. Visitors have the 
possibility of deriving their own conceots, drawing their own 
conclusions. This exhibit can be visied at different stages 
in life, from a small child, to the general adult public and 
to advanced students. At each level semething of real value 
can be gained. 

Once it is conceded that it is an appropriate role for a 
national museum to be concerned with aspects of social 
engineering by promoting concepts that happen to be 
current in the present climate of opinion, then a most 
dangerous precedent is set, which has sinister implications 
Suddenly it becomes possible to visualise museums con- 
tributing to the indoctrination of -he more inarticulate 
sections of the community. Just so long as natural history 
museums are primarily concerned with displaying the 
materials in their charge, there is always the possibility 
that the facts will shine through the >revaling dogmas. 

The new scheme as epitomised ir the Hall of Human 
Biology leads to the grave suspicion tiat henceforth natural 
history specimens will become simply three dimensional 
illustrations of a given narrative aimed solely at “an 
audience that is representative of the general public’. In 
my opinion the museum should be nearer to scientific 
literature than to the media. 

The Natural History Museum’s new exhibition scheme 
raises such fundamental issues that ic deserves to have the 
fullest possible public discussion and for this to be effective 
it is essential that the views of the museum's scientific staff 
should be fully heard, together with those of teachers and 
students in schools and universities both here and abroad, 
who are intimately concerned with the signal service that 
the museum has provided in the past 

We can only hope that sufficient pressure can be brought 
to bear to curb the activities of the Fublic Services Depart- 
ment and to ensure the survival of the museum's reputation 
for scholarship in its public galleries. LJ 
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Brazil learns its ecological lessons-the hard way 


The results of opening up the Amazon have been far from those 


intended: vast tracts of sterile land 


SEVEN years ago Brazil's military rulers 
became the bogeymen of Western en- 
vironmentalists when they announced 
that concern for the environment was 
4 luxury of the industrialised countries 
which developing nations could not 
afford. 


Today the military remains in 
power; but the message is very 
different. When President-elect Joao 


Baptista Figueiredo spoke recently of 
future development policies for the 
Amazon region, his references to the 
need for the “preservation of ecological 
equilibrium” to which permanent 
forest areas were “indispensable” 
could have been lifted from any en- 
vironmental handbook. 

The lesson has been learnt the hard 
way. Not primarily by listening to 
scientists and ecologists who. for the 
past I5 years, have been warning of 
the destructive effects of uncontrolled 
development on one of the world’s 
major natural resources: but from 
experiencing the failure of ambitious 
plans to “‘recolonise’ the region using 
techniques developed elsewhere and 
ill-suited to local conditions. 

The result has been a growing 
awareness in Official circles that the 
environmental impact of development 
programmes cannot be ignored “In 
the past few years all sides have begun 
to see that poor environmental control 
can create bottlenecks in economic 
development,” says Dr Paulo Nogueira 
Neto, a former biology professor who 
is now head of the environmental pro- 
tection division of the Ministry of the 
Interior, 

A by-product has been an increased 
willingness to involve environmental 
scientists, to whom government plan- 
ners are now turning as they realise 
that successful development requires. 
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inter alia, a firm grounding in detailed 
knowledge of the behaviour of biologi- 
cal systems and their component parts. 

The price of failing to respect such 
systems has been dramatically illus- 
trated by the effects of the 14.000 
miles of highway that have been driven 
through the Amazon forests like a 
military exercise over the past decade. 
The purpose of the roads has been both 
to Open up trade with the continent's 
west coast, and to encourage the “re- 
colonisation” of the region by settlers 
who would. it was hoped. convert the 
biological richness of the forest lands 
into valuable primary products. 

Many of the results have been far 
from those intended. The roads them- 
selves. disrupting streams and rivers 
and destroying delicate ecological 
balances, have produced vast tracts of 
sterile land. And the settlers, after a 
year or two of intense cultivation on 
land from which the trees had been 
removed, found agricultural yields drop 
sharply as nutrients were leached from 
the soil, and soon left to return to the 
urbanised south. 

Thus has developed a practical 
awareness that. despite all its apparent 
robustness, the tropical forest is a 
fragile system in a state of precarious 
equilibrium; “a desert covered by 
trees” as it has been called by ecologist 
Robert Goodland. Less than a fifth of 
the Amazon region contains produc- 
tive soil. and agricultural techniques 
developed in temperate zones have 
shown themselves frequently inappro- 
priate to tropical conditions. 

“The road was a school for us. You 
have to pay for everything that you do. 
and Brazil has paid quite a lot for its 
mistakes.” says Dr Antonio Machado. 
programme director of the National 
Research Councils humid tropics pro- 


gramme, a 3-year $15 million project 
on the use of forest resources partly 
financed by the International Develop- 
ment Bank. 

“But although we learnt by the 
wrong way. we now know much more 
about the soil, the forests, the water 
and the weather. and the effects on 
these of human settlements. And with 
this information we now have enough 
to start trying to exploit the forest in 
a rational way”. 

One research centre which has been 
brought into prominence by the new- 
felt need for scientific knowledge is 
the National Institute for Amazonian 
Research (INPA). Founded 20 vears 
azo and financed by the National Re- 
search Council. the institute is set in 
45 acres of deliberately-untouched 
secondary forest on the outskirts of 
Manaus, the main trading town on the 
Amazon river 1,600 kilometres from 
its mouth. 

Much of INPA’s work. like that of 
the older Goeldi Museum in Belém 
which is now part of the institute. 
continues a tradition of study of the 
unique biological systems of the 
Amazon region that stretches back 
through Charles Darwin to Alexander 
von Humboldt. And previous govern- 
ment antagonism to the opinions of 
scientists stemmed from the fact that 
many of the latter tended to see a 
direct conflict between their interests 
in “undisturbed” natural systems and 
the goals of development programmes. 

Under its present director Dr War- 
wick Kerr. who was appointed three 
vears ago on secondment from the 
University of São Paulo. attitudes have 
changed. Dr Kerr's outspoken views on 
social issues have frequently ruffled 
feathers in the military hierarchy. but 
he is committed to the belief that 
INPA’S activities must be directed to- 
wards the well-being of the people of 
the Amazon region—part of a com- 
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promiso which he claims alj research 
institutions have with the society that 
supports them. 

Dr Kerr warns that at current rates 
of exploitation, the Amazon region’s 
2.7 million square kilometres of forest 
would disappear in less than 30 years, 
and that the urgent need, to which 
scientists must contribute, is for a 
pattern of controlled development that 
takes into account both the potential 
and the vulnerability of the region’s 
resources 

Referring to the fertile vdrzea 
regions which receive their nutrients 
from annual flooding, for example, Dr 
Kerr says: “the floods, instead of being 
sources of discomfort, should be looked 
upon as a blessing and a source of 
wealth, We should learn how to cope 
with them, developing systems of hous- 
ing, of experimentation with livestock, 
of conserving the forests essential to 
both fish and to man, and better 
systems of river transport”. 

INPA’s activities reflect this com- 
mitment. There are now over 30 re- 
search scientists working at the in- 
stitute—-when Dr Kerr was appointed 
his arrival is said to have doubled the 
number of PhDs from one to two— 
and the work is divided into six divi 
sions: biology, medical sciences, para- 
sitology, agronomy, fish and fishing, 
and technology. 

Each division combines both basic 
and applied research. In the fish sec- 
tion, for example, research topics range 
from fish biology to the [life-cycle of 
the manatee, once a plentiful source 
of meat but now almost extinct through 
over-hunting; and the agronomy section 
includes both Dr Kert’s work on the 
genetics of bees and methods. of soil 
management 

TNPA also runs an annual pro- 
gramme of “intensive training” for 
work in the Amazon The course, 
which lasts six months and currently 
has about 40 students, combines a 
study of Amazonian ecology and 
tropical hygiene with groundwork in 
research methodology (including statis- 
tics) and general laboratory techniques 

The growing concern of both local 
and federal development agencies for 
the environmental aspects of their pro- 
grammes has led many to consult INPA 
for advice. And such interaction has 
helped INPA to develop a working 
relationship with government agencies 
which had intitially been suspicious of 
its attempts to broaden the scope of its 
activities, 

Thus for some time there has been 
tension between INPA and the Brazi- 
lian Agricultural and Ranching Re- 
search Bureau (EMBRAPA) over a 
mutual interest in agricukural research 
for the Amazon region Much of this 
tension was removed, however, by a 
meeting of the staffs of the two in- 
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stitutions at the beginning of August, 
where hostikty was transformed into 
an enthusiasm for cooperation, al- 
though with general agreement that 
INPA should remain responsible for 
the more basic aspects of the research. 

A commu#ment to “useful” research 
has not been allowed to swamp more 
traditional interests of long-term value 
in the fauna and flora of the Amazon 
region, A major programme of 
theoretical ecological studies is being 
carried out under the dérection of Dr 
Herbert Schubart. And a new venture, 
which is being organised jointly with 
the US-based World Wildlife Fund, 
involves investigating the minimum 
area that can be isolated as a self- 
contained ecosystem retaining a full 
range of biological and genetic diver- 
sity. 

A local agency responsible for 
developing methods to exploit the 
forests resources has agreed to set 
aside 62 plots of land, ranging in size 
from one-tenth to 10,000 hectares, for 
the study. Before the plots are isolated 
and regularly thereafter for a number 
of years inventories of the species 
found on each plot will be compiled by 
research workers from INPA. ‘The 
preservation of the tropical rain forests 
and the life-forms # contains is a 
number one priority in our attempts to 
protect the biological diversity of the 
planet,” explains Dr Thomas Lovejoy, 
programme scientist of the WWF, a 
frequent visitor to INPA, and principal 
investigator of the project. 

Both the WWF and INPA have also 
been contributing to plans drawn up 
by the Brazikan Institute for Forestry 
Development (BDF) to create a series 
of nature reserves — ‘conservation 
units”—in the Amazon region, which 
at present contains only one of 
Brazil’s eight national parks. The 
areas recommended as reserves have 
been carefully chosen by drawing on 
the scientific records of the critical 
habitats of different species, and 
identifying the areas of the Amazon 
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where these ove-lap. 

The government, partly under pres- 
sure from intermational bodies such as 
the United Nations Educatfon and 
Cultural Orgarisation (Unesco), has 
already shown itself more willing than 
in the past to incorporate such pro- 
posals in its development plans. A 
major problem, however, is that much 
of the land in Brazil is privately owned, 
and thus outs:de direct government 
control. 

“The government attitude has cer- 
tainly been such better than pre- 
viously. But our main problem is that 
although we already have eight 
national parks throughout Brazil 
covering almost two and a half million 
acres, less than half a million acres 
belongs to the government,” says Dr 
Maria Padua, ead of the IBDF team 
that drew up the “conservation unit” 
proposals. 

In the Amazon region, despite 
attempts to stimulate the development 
of small-scale enterprises, most of the 
running has so far been made by large 
private enterprises, Volkswagen de 
Brazil, for example, has bought 300,000 
acres of forest which it has burnt down 
for conversion into a giant cattle ranch; 
and near the mouth of the Amazon an 
elusive US billionaire, Daniel K. 
Ludwig, has bought a million acre 
estate, cut down much of the forest 
to grow rice and installed a $300 
milion Japanese pulp mill. 

Dr Kerr’s wash for a controlled de- 
velopment that meets the needs of the 
Amazon people therefore takes on a 
special meaning Brazil’s growing 
ecology movement, drawing on biolo- 
gical and environmental arguments, 
favours a development strategy based 
on small, relatcvely self-sufficient com- 
munities, allowing the forest to pro- 
duce a sustained yield of natural pro- 
ducts; economic pressures however 
remain weighted towards large-scale 
enterprises primarily seeking high- 
level, often short-term, return on 
investment. 


Infra-red telescope will not be ready 


for Jupiter mission 


OnE of the things in:life that even the 
National Aeronautics and Space 
Administration has been unable to 
speed up is the hand-finishing of large 
telescope mirrors Consequently a 
current source of embarrassment to the 
agency is a last-minute delay in com- 
pleting work on a 120-inch mirror to 
be installed in its infra-red telescope at 
Mauna Kea in Ha wai. 

The telescope has been commissioned 
by NASA at a cost of $6m, and will 
be used for ground-based observations 
of planets and other bodies in the solar 
system to complement data gathered 


by spacecraft. 

Tts first task was to have been to 
pin-point the position and movement of 
‘‘hot-spots”—-trought to be gaps in the 
cloud which reveal the higher tempera- 
tures in the atmosphere beneath—on 
the surface of Jupiter. This informa- 
tion would have been used by the two 
Voyager spacecraft to direct infra-red 
sensing equipment and plan the 
sequencing of operations to gather 
scientific data. 

The two spacecraft were launched 
last year on courses that take both 
past Jupiter, aad Saturn, and Voyager 
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i ıs due to reach Jupiter early next 
March However, delays in finishing 
the mirror, which is being prepared 
in the workshops of the Kitt Peak 
Observatory in Arizona, mean that the 
telescope is not likely to be ready-until 
the end of that month, and completion 
has been officially scheduled for the 
beginning of April 

NASA is now planning to rely on the 
200-inch Mount Palomar telescope as 
well as an 88uinch infra-red telescope 
in Hawaii, to make the necessary ob- 
servations both pnor to and during 
Voyager 1’s fly-past. But officials admit 
that the quality of the data ‘will be 
inferior to that eventually expected 
from the !20-inch telescope. 

The delays in the new mirror came 
. first in developing new computer-based 

procedures for testing the quality of 
the mirror; and when these procedures 
were recently completed and the tests 
applied, it was found that an additional 
three months’ work was still required 


“We are doing ‘all’ we can to: speed 
things up But it 1s the kind of delicate 
work that does not lend itself to work- 
ing in shifts; you need a complete crew 
that is in tune with the project and 
with each other’, Mr Norman Cole, 
master optician at Kitt Peak, said last 
week. Mr Cole has also been respon- 
sible for the murrors not only of the 
4-metre telescopes at Kitt Peak itself 
and at Cerro Tololo in Chile, but also 
of an 84-inch infra-red telescope built 
by the University of Wyoming with 
funds from the National Science 
Foundation, which came into operation 
last year. 

The‘ team preparing the mirror has 
eight members, and polishers work 
in the final stages by removing only 
a few milhonths of an inch at a time 
from selected spots Mistakes are 
difficult and timeconsuming to correct: 
“If you go overboard én one touch, 
then it takes time to blend it back into 
the surface’, explains Mr Cole. 


Saudi Arabia invests in fishing: 


THE Red Sea is one of the poorest seas 
for fishing in the world. It 1s formed by 
a deep narrow trench. making it very 
poor in nutnents. In the few areas 
where there are fish a specialised fish- 
ing industry has never been developed 
because of the many varieties of fish. 
The Saudi government, however, is 
trying to modernise the local fishing 
industry and introduce fish farming 
along the Red Sea coast. The scheme 
is being conducted by the Ministry of 
Agriculture and Water Resources. 

In 1976, the ministry signed an agree- 

ment with the British White Fish 
Authority for a four year cooperation 
programme. So far the programme has 
assessed the fish resources of the Red 
Sea and the Persian Gulf and has 
studied catching methods and ways of 
increasing fish landings An aerial 
survey has shown that there are 72 
fishing communities on the Red Sea 
coast with a fleet of 1,225 boats. Most 
of these boats are traditional “‘dhows”’ 
which are rather inefficient. The esti- 
mated annual landing is 10,000 tons. 
_ Any new additions to the fishing 
fleet must be easy for local ‘fishertnen 
to usé and for local shipyards to main- 
tain The design criteria have been met 
by the -Cornish boatbuilders Cygnus 
Marine who have already produced two 
vessels on an experimental basis: Initial 
indications are that these small, 10m 
fishing vessels will play a major role in 
the fishing industry of Saudi Arabia. 
A fleet:of 25 such boats could increase 
the catch in the Gulf by 25%. 

The Ministry of Agriculture and Wa- 
ter Resources’ also operates a research 
vessel, Ibn Majid, which has facilities 
for all forms of fishing. It has 
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discovered new fishing grounds in the 
south where there are more nutrients 
The modernisation of the Saudi fish- 
ing fleet; however, does not solve the 
Saudi fishing industry’s basic problem— 
the lack of fish in the Red Sea and the 
Gulf. Consequently, the idea of fish 
farming has ‘gained considerable 
ground. Normally, fish farming 1s ex- 
pensive; in Saudi Arabia, however, four 
factors work in its favour: 
@ the large market for fish. 
@ the abundance of. unpolluted sea Wa- 
ter. Despite an increase in pollution 
after the re-opening of the Suez canal, 
the Red Sea remains one of the 
cleanest seas in the world 
@ the abundance of cheap energy for 
pumping water through’ fish ponds. 
@ fish farming would transform large 
arid coastal plains with no, other agri- 
cultural potential into food producing 
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Scientists at NASA’s Jet Propulsion 
Laboratory in California are: ‘dis- 
appointed that the Mauna Kea 
telescope will not be ready for the ex- 
periments that they plan to carry out 
when Voyager | passes Jupiter, but are 
confident that the other two telescopes 
will produce adequate data, and that 
Mauna Kea will be ready for Voyager 
2’s fly-past in July. 

However the delay 1s likely to lead 
to questions in Congress, which was 
told in 1974, when considering an 
initial funding request for the telescope, 
that “no existing telescope” was able 
to provide the data necessary for plan- 
ning the Voyager missions, and was 
assured earlier this year that construc- 
tion was on schedule. 

Dr Bill Brunk, NASA’s head of 
planetary astronomy, admutted last 
week that the situation was an 
“embarrassing” one for the agency; “‘] 
can only answer that we tried our best 
to finish it on time”. David Dickson 


areas 

The Fishery Development Labor- 
atory in Jeddah has studied’ soil samples 
from probable locations for fish farms 
A large area of the Saudi coastline 
is suitable for the pond/tank method 
of fish farming Fish are reared and 
fed’in fenced-off sea pens, 

The farms would consist of 25m long 
ponds perpendicular to the line of the 
coast. Clean water will be pumped 
from beyond ‘the reef edge to a header 
channel from which it will flow by 
gravity through the ponds before dis- 
charging into a channel which runs 
back to the sea The ponds will be 
designed to farm three species: mullet, 
rabbit fish and a local favourite known 

as ‘“Boulti’’. Fish farming is expected 
= produce 829 tons of whole fish a 
year 

Ziauddin Sardar 


Stevenson to introduce new DNA- 


+ 9 9 
legislation in US 
SENATOR Adlai Steyenson, chairman of 
the Senate Subcommittee on Science, 
Technology and Space, has announced 
that he intends to introduce new 
legislation covering research involving 


recombinant’ DNA techniques. soon 
after Congress reassembles next ' 
January.’ ‘ 
According to Stevenson, eyen 
though “public. opposition to the 


res¢arch has virtually disappeared” as a 
result of federal actions taken go far, 
a number of reasons remain tò make 
legislation advisable These. include the 
fact that federal support of research on 


the risks of recombinant DNA tech- 
niques will be necessary to keep pace 
with the development of the techniques 
themselves; that it remains 
“anomalous” to restrict one class of 
researchers but not. another, merely 
on the basis of their location and 
source of funds (current guidelines now 
under final revision by the National 
Institutes of Health would apply only 
to NIH-funded- research); and that “a 
programme of voluntary compliance iy 
and monitoring of industrial research 
actıvıties (as proposed in the revised 
guidelines) is insufficient” 
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The Nobel Prizewinners 1978: Physics 


A sensitive ear for the Big Bang 


Michael Rowan-Robinson writes: 


A MODEST and laconic letter entitled 
“A measurement of excess antenna 
temperature at 4080 Mc/s” reached 
the Astrophysical Journal on 13 May, 
1965. The paper, only 600 words long, 
describes in a brief, almost brusque, 
style the first project undertaken by 
two young radioastronomers since their 
move to Bell Telephone Laboratories. 
Using a 20ft horn reflector built by 
Bell Labs engineers for the “Echo” 
satellite project, they had measured the 
temperature of the antenna when 
pointing in the zenith (vertical) direc- 
tion. They had found a temperature of 
6.7 K (degrees Kelvin, or absolute), of 
which 2.3K was due to atmospheric 
absorption and 0.9 K was due to Ohmic 
losses in the antenna. This left 
3.5+1.0K unaccounted for. The two 
astronomers had worked very hard to 
eliminate noise sources in their 
antenna, but could not explain the 
eXcess. 

Had this paper appeared in the Bell 
System Technical Journal like the other 
work with the horn antenna, astrono- 
mers might hardly have noticed it, as 
they hardly noticed Jansky’s earlier dis- 
covery at Bell Labs of radio emission 
from the Milky Way. Penzias and 
Wilson did not themselves immediately 
recognise the significance of their dis- 
covery. However they had the good 
fortune to be near Princeton, where 
the group led by Dicke and Peebles 
were only too aware of the significance 
of a 3K background. In early measure- 
ments with the radiometer which he 
invented, Dicke had noted in 1946 that 
the temperature of any cosmic back- 
ground radiation was certainly less 
than 20 K. He had then turned to other 
experiments and to the development of 
the Brans-Dicke cosmology. By 1965 
Dicke, in collaboration with Peebles, 
had independently reinvented the hot 
Big Bang model of Gamow, was pre- 
dicting the existence of cosmic micro- 
wave background radiation with a 
blackbody spectrum (in seminars if not 
in print) and had two students, Roll 
and Wilkinson, building a system to 
measure the temperature of this back- 
ground. 

The plans and dreams of the Prince- 
ton group must have been rudely 
shattered by the news of Penzias and 
Wilson’s discovery. The four of them 
wrote a beautiful paper explaining the 
significance of the radiation as the relic 
of the “primeval fireball” phase of the 
hot Big Bang, and outlined the physics 
of this radiation-dominated, opaque 
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phase of the universe’s history. This 
paper appears immediately preceding 
the one by Penzias and Wilson, with 
the far more dramatic title ‘Cosmic 
blackbody radiation”. 

Penzias and Wilson included only 
one very cautious remark on the 
significance of their 3K background: 
“A possible explanation for the 
observe excess noise temperature is 
the one given by Dicke, Peebles, Roll 
and Wilkinson in a companion letter 
in this issue”. Penzias had heard about 
the Princeton group’s ideas and invited 
them over to Holmdel. Without that 
visit the only reference to the excess 
noise might have been the one that 
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appears in a paper by Penzias and 
Wilson on the flux from the radio 
source Cas A, received in its original 
form by Astrophysical Journal on 
1 April, 1965: “The equivalent 
temperature of the antenna when 
pointed at the zenith is about 7 K, 2.3 K 
of which is due to absorption by oxygen 
in the atmosphere”. 

While it is probably inevitable that 
Dicke and his group would have dis- 
covered the cosmic blackbody radia- 
tion within a year or so, it was also 
inevitable that Bell Labs would sooner 
or later identify any source of back- 
ground noise in the microwave region. 
Earlier they had, through Jansky, 
identified the effect of the Milky Way 
in the radio region. It is taking nothing 
away from Penzias and Wilson to say 
that part of the credit for their dis- 
covery must £0 to the thorough, 
professional and single-minded work 
of the Bell Lab scientists and engin- 
eers over the years in developing 
sensitive receivers and reliable 
antennae. As Penzias and Wilson note 
in their historic paper, the 3 K excess 
is implicit in earlier work by Bell Labs 
scientists with the same antenna 
(Degrasse, Hogg, Ohm & Scovil). 

The discovery of the microwave 
background radiation came early in the 
careers of Penzias and Wilson. It was 
Penzias’s third paper and Wilson’s 
fourth. Subsequently they measured the 
temperature of the background at 
21 cm and 2.6mm and set limits on its 
large- and small-scale anisotropy, but 
the bulk of their later work has been 
in microwave molecular line astronomy. 
Penzias has exerted a very considerable 
influence on the development of this 
field, always with Wilson’s brilliance 
with instrumentation at his right hand. 
In collaboration with Jefferts, also of 
Bell Labs, they discovered the most 
important interstellar molecule apart 
from hydrogen—carbon monoxide— 
and with him and other collaborators 
they were responsible for the discovery 
of microwave line emission from 6 
other interstellar molecules: CN, SiO, 
CS. CH:CN, OCS, and H:S in the early 
1970s. In the past 5 years their main 
interest has been in the relative abun- 
dances of interstellar isotopes and 
whether these vary from place to place 
in the Galaxy. They have recently 
designed and built a novel millimetre- 
wave telescope Typically, Bell Labs 
insisted that the dish be built in New 
Jersey, rather than at some astro- 
nomically more favourable, high- 
altitude site, Bell Lab’s interest in 
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the telescope is for communication 
with other human beings rather than 
with the cosmos. 

One curious feature of the story of 
the discovery of the cosmic blackbody 
radiation is the ignorance of the 
scientific literature of all concerned. 
Neither the Bell Labs nor Princeton 
workers seem to have been aware of 
Gamow’s idea of a hot Big Bang 
(Nature 162, 680; 1948) or the pre- 
diction of Alpher & Herman in 1948 
of a background temperature of 5K 
(Nature 162, 774; 1948). More for- 
givably they had not noticed McKellar’s 
1941 calculation that interstellar CN 
absorption line ratios implied a CN 


excitation temperature of about 2.3 K 
(Publications of the Dominion 
Observatory 7, 251). 

When the Nobel committee opened 
the doors to astronomy with the 1974 
award to Ryle and Hewish. many of us 
felt that it must be only a matter of 
time before the discovery of the cosmic 
blackbody radiation was similarly re- 
warded. It was one of the astronomical 
discoveries of the century, transforming 
cosmology into an exact science and 
demolishing the already shaky Steady 
State Theory. The blackbody nature of 
the spectrum is qualitatively confirmed 
by the most recent  balloon-borne 
experiment (Woody & Richards, 
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Phys. Rev. Letters, to be published) 
and now interest focuses on possible 
distortions of the spectrum. The 
isotropy of the radiation both on the 
large and small scale ts well-established 
apart from the small effect of the 
Earth's -motion in space (see Nature 
270, 9: 1977). While we must spare a 
thought for Dicke and Peebles. who 
came so close to making this discovery, 
and who contributed so substantially 
to its interpretation, and for Jansky. 
who must surely have shared one of 
these astronomy prizes had he lived. 
there is no doubt that the Nobel com- 
mittee have chosen deserving prize- 
winners. 


Fifty years of scientific achievement 


David Shoenberg writes: 


Tue “basic inventions and discoveries 
in the area of low temperature physics” 
for which Peter Kapitza has been 
awarded a Nobel Prize in physics were 
essentially completed over 30 years 
ago, His many friends and admirers 
will, however, regard the award as a 
well merited and. indeed, long overdue 
recognition of over 50 years of scien- 
tific achievement in a much wider field 
and of the inspiration and guidance he 
has provided for many generations of 
physicists in England and the Soviet 
Union. 

As a young man in his mid-twenties 
he was one of the enthusiastic group 
led by A. F. Ioffe in Leningrad who 
were building a school of Soviet 
physics in the difficult days following 
the Revolution and its aftermath of 
civil war and famine. He was already 
known for his originality and ingenuity 
in solving practical problems and he 
was chosen as one of a delegation sent 
in 1921 to establish scientific contacts 
with the West. 

Kapitza came to Cambridge and was 
very keen to work under Rutherford 
in the Cavendish Laboratory. Legend 
has it that Rutherford was rather cool 
at first and said the Cavendish was full. 
to which Kapitza replied by asking 
what Rutherford regarded as a reason- 
able experimental error in his work. 
When told that it was usually 2 or 3", 
Kapitza triumphantly pointed out that 
since there were 30 or so researchers. 
one more would be just about within 
the margin of error and this ingenious 
argument persuaded Rutherford to 
admit him, 

During the 13 years he stayed in 
Cambridge he became somewhat of a 
legend not only for his scientific 
achievements but for the broad sweep 
of his ideas. his love of argument, his 
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enormous repertoire of anecdotes (re- 
counted with great verve in a species of 
broken English which was entirely his 
own). his absentmindedness and above 
all his personal charm. At his informal 
weekly seminar, the Kapitza Club, as it 
was called. he loved to stir up discus- 
sion by asking provocative questions 
and often new ideas would be thrown 
up which later proved important, 
After some early work on nuclear 


physics, Kapitza took up the study of 
physical properties in very high mag- 
netic fields and at very low tem- 
peratures. He developed a novel 
technique for obtaining fields of over 
30T by discharging a considerable 
energy into a coil during only 1/100 s, 
a time short enough to avoid much 
Joule heating. He liked to boast that 
he was probably the highest paid 
physicist in the world since his total 
work in a year lasted only a few 
seconds. To attain the low tempera- 
tures, he invented a new kind of 
helium liquefier in which the bulk of 
the cooling was provided by adiabatic 
expansion. The difficulty of lubricating 
the expansion engine at low tempera- 
tures was avoided by using a rapid 
stroke and effectively using the gas 
as a lubricant. Kapitza’s machine was 
in fact the forerunner of a liquefier 
developed on similar principles, but 
for factory production, by Sam Collins 
at MIT. The Collins liquefier opened 
up the field of low temperature physics 
to anyone with money enough to buy 
a machine and so Kapitza’s invention 
was in a sense responsible for the ex- 
plosive growth after the war of low 
temperature physics all over the world 
but particularly in the United States. 

In 1934. soon after the opening of 
the Royal Society Mond Laboratory, 
which had been built to house 
Kapitza’s equipment and just as he was 
preparing to exploit his techniques 
systematically his work in Cambridge 
was brought to an abrupt end. During 
a routine visit to Russia he was un- 
expectedly refused permission to return 
to Cambridge and told that he must 
work in Russia instead. In spite of 
urgent pleas by Rutherford and diplo- 
matic interventions at the highest level. 
the authorities were adamant and 
eventually Kapitza had to submit and 


© Macmillan Journals Lid 1978 


Nature Vol. 275 26 October 1978 


go through the wearisome process of 
designing and equipping a laboratory 
all over again. In this he was greatly 
helped by Rutherford, who persuaded 
Cambridge University to sell much of 
the specialised equipment (or dup- 
licates of it) to the new Institute for 
Physical Problems, as it was called, 
and Kapitza was able to start work 
again early in 1937. 

Soon after the Institute was opera- 
tional Kapitza took up the study of 
the remarkable properties of helium TI, 
the phase of liquid helium below the 
A-point (2.18 K). Keesom’s discovery 
in Leiden that it appeared to be a 
“‘super-heat-conductor” had caused 
great interest and in 1938 Kapitza in 
Moscow and Jack Allen in the Mond 
Laboratory in Cambridge simultane- 
ously discovered that helium IT was 
also a “superfluid” which could flow 
through narrow apertures without any 
driving pressure head. Eventually 
further experiments. particularly on 
the thermal effects associated with flow. 
led to the idea that helium TT was a 
kind of intimate mixture of a “‘super- 
fluid” which moved completely freely 
but carried no entropy and a “normal 
fluid” which did carry entropy and 
suffered viscous resistance to flow. 

This “two fluid model”, originally 
proposed on a semi-empirical basis by 
Tisza. was a little later more funda- 
mentally established by Landau quite 
independently. as part of the basic 
quantum theory of superfluid helium 
he developed. [Landau was the head of 
the theoretical group in Kapitza’s In- 
stitute and his theory proved to be 
seminal since it not only explained the 
existing experiments, but  predictéd 
several exciting new effects, which were 
looked for and found under Kapitza’s 
leadership.] It was mainly for this 
theory that Landau was awarded a 
Nobel Prize in 1962. 

For over 40 years the Institute for 
Physical Problems has under Kapitza’s 
lively guidance continued to be in the 
forefront of low temperature research. 
particularly on superconductivity and 
the dynamics of electrons in metals as 
well as on the behaviour of liquid 
helium. 

Kapitza himself, however, has turned 
to other fields. One technique to 
which he has made major contributions 
is the use of expansion turbines to 
liquefy air on an industrial scale in 
order to separate oxvgen by fractional 
distillation. But his major activity 
during the last 25 years and still con- 
tinuing to-day has been the use of high 
power microwaves to heat plasma with 
a view to providing the right conditions 
for nuclear fusion. 

It is remarkable that at 84 he is still 
as vigorous and enthusiastic as ever. 
Perhaps another Nobel Prize is yet to 
come. g 
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Hamilton O. Smith, Daniel Nathans and Werner Arber 








To Dr Werner Arber of the University of Basel, Switzerland 


and Dr Daniel Nathans and Dr Hamilton O. Smith of Johns 
Hopkins University, Baltimore, Maryland, USA for the 
discovery of restriction enzymes and their application to the 


problems of molecular genetics.9 


Richard Roberts writes: 

THE restriction endonucleases, which 
have become so familiar to the 
molecular biologist, have finally come 
of age with the award of this year’s 
Nobel Prize in Physiology and Medicine 
to Dr Werner Arber of the University 
of Basel and to Drs Daniel Nathans 
and Hamilton O. Smith of Johns 
Hopkins University. They each played 
a critical but separate role in drawing 
attention to these bacterial enzymes 
which dominate so much present re- 
search. Amid the proliferation of 
sophisticated techniques which charac- 
terise modern molecular biology it is 
the restriction endonucleases more than 
anything else which have made possible 
the dissection and analysis of the very 
large eukaryotic genomes, have allowed 
spectacular advances in DNA sequence 
analysis and have triggered the im- 
portant field of recombinant DNA 
research. The recent major discoveries 
of overlapping genes and RNA-splicing 
were made with the assistance of re- 
striction enzymes and it is becoming 
increasingly difficult to imagine how it 
was possible to do without them. 

The first hints that restriction 
enzymes existed came in the early 
1950s when Dr S. Luria and his 
colleagues reported a phenomenon they 
termed host-induced variation and 
which is now known as host controlled 
restriction-modification. They observed 
that bacteriophages grown in one strain 
of bacteria were often able to grow 
only poorly in a second strain. The few 
progeny emerging from the second 
Strain, however, were able to grow 


perfectly normally upon reinfection of 
the second strain, but now grew poorly 
upon the first strain. This phenomenon 
attracted the attention of Dr Werner 
Arber and by 1962, he and a colleague 
D. Dussoix, had conducted a series of 
elegant genetic experiments which pro- 
vided impressive evidence concerning 
the nature of this “variation”. Together 
they proposed a molecular mechanism 
to explain host controlled restriction- 
modification. 

They postulated that certain bacterial 
strains contained an endonuclease (re- 
striction enzyme) which was able to 
cleave unprotected DNA, and further- 
more that those same strains must 
contain a strain-specific modification 
enzyme responsible for the protection 
of the cell’s own DNA from the action 
of the restriction enzyme. Upon in- 
fection by an unprotected bacterio- 
phage the phage DNA was destroyed 
by the restriction enzyme, except for 
some small fraction which was modified 
before encountering the restriction 
enzyme. Such modified phage were then 
able to grow perfectly normally upon 
reinfection of this same strain 

Following the detailed characterisa- 
tion of the biological phenomena, both 
in Arber’s laboratory and others, this 
system was analysed in vitro. In 1968 
Arber and his colleague S. Linn, de- 
monstrated the activity of the Eco B 
restriction enzyme and M. Meselson 
and R. Yuan purified a similar enzyme 
from EF. coli K. It is now known that 
these Type I restriction enzymes re- 
cognise a specific sequence of nucleo- 
tides within a DNA molecule, but 
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cleave the DNA at random positions 
often far removed from the recognition 
site. Because of the random cleavage 
these Type I enzymes have not proved 
valuable as tools of the molecular 
biologist. Arber’s studies, however, set 
the stage for the discovery of a second 
type of restriction endonuclease. 

In 1970, Dr Hamilton O. Smith and 
his colleague K. W. Wilcox, described 
the outcome of experiments initially 
aimed at studying recombination im 
Haemophilus influenzae. The introduc- 
tion to their paper states, “We made 
the chance discovery of what appears 
to be a similar enzyme (to the Eco B 
and K enzymes) in Haemophilus in- 
fluenzae, strain Rd”. Thus was de- 
scribed the isolation of the very first 
Type H restriction enzyme in a dis- 
covery destined to revolutionise the 
practice of molecular biology. In an 
accompanying paper, written with a 
colleague T. R. Kelly, it was shown 
that this enzyme called Hind II both 
recognised and cleaved a specific 
sequence of nucleotides within a DNA 
molecule. It thus resembled the Type I 
enzymes in its recognition properties, 
but differed significantly in its cleavage 
properties. It is this difference (the 
specific cleavage induced by the Type H 
restriction enzymes) which is respon- 
sible for their value to the molecular 
biologist. The methods used by Smith 
and his associates to purify Hind H and 
to characterise its recognition sequence 
have proved generally useful and the 
majority of the 150 or so restriction 
enzymes now known to exist have been 
purified and characterised in a similar 
way. 

From our present perspective it 
would seem a natural and obvious 
experimental path to use a specific 
endonuclease such as Hind I] to pre- 
pare discrete fragments of a DNA 
genome. However, in the late 1960s gel 
electrophoresis, a technique critical to 
current experiments did not enjoy its 
present popularity. Arber and Smith’s 
experiments used sucrose density 
gradients or viscometric assays to 
characterise the products of restriction 
enzyme digestion, techniques which 
mask the exquisite specificity of the 
cleavage products. We must also re- 
member that the major advances in 
molecular biology had been made in 
prokaryotic systems where a wealth of 
genetic back-up had been indispensable 
to progress. Such was not the case for 
the small tumor virus SV40 which had 
just begun to attract the attention of 
the molecular biologist. Already it was 
clear that the approaches used for the 
study of bacteriophages, were not so 
easily applied to the study of SV40. 

Among those studying SV40 in these 
early days was Dr Daniel Nathans, who 
worked in the same department as 
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Smith. After learning of the interesting 
and unusual properties of Hind I] and 
realising the significance of the specific 
cleavage he set about examining the 
effects of this enzyme and the enzymes 
from E. coli upon SV40 DNA. Among 
the techniques chosen to examine the 
cleavage products was polyacrylamide 
gel electrophoresis. The results of these 
Studies, carried out with his colleague 
K. Danna, were published in 1971 and 
the first gel showing the Hind II 
fragments of SV40 DNA revealed the 
intrinsic power of the restriction 
enzymes to allow access to the secrets 
of the DNA genome. For Nathans had 
correctly realised that the restriction 
enzyme cleavage sites could serve as 
reference points for mapping and could 
thus replace the conventional genetic 
markers. In a continuing series of 


Mary Lindley writes from Baltimore: 
THE excitement that spread through 
Johns Hopkins University last week 
was mixed with a hint of relief that this 
august institution had its very own 
Nobel Prize at last. Although other 
Nobel laureates have been associated 
with the university, Daniel Nathans 
and Hamilton O. Smith are the first 
incumbent members of the faculty to 
receive the prize. 

Unlike almost all other Nobel prize- 
winning scientists, neither Smith nor 
Nathans are members of the US 
National Academy of Sciences. Neither 
was aware that their work had been 
nominated for the Nobel Prize, and 
their first response to the news, received 
by telephone early in the morning of 
11 October, was a mixture of shock 
and disbelief. After the initial surprise 
had subsided, however, they were quick 
to acknowledge the contributions of 
the colleagues who had helped and 
influenced them during crucial stages. 


Smith recalled how he and a 
graduate student. Kent Wilcox, 
became interested in restriction 


enzymes in 1968, while working on 
bacterial recombination. In the course 
of that work they incubated the 
bacterium Haemophilus influenzae with 
DNA of the bacterial virus P22. and 
were puzzled by finding that the DNA 
was broken up. Smith then recalled 
the work of Werner Arber in Switzer- 
land, who had laid the genetic founda- 
tions for an understanding of the 
process whereby bacteria can destroy 
foreign DNA tand who now shares the 
Nobel Prize). And he thought also of 
M. Meselson’s report of a restriction 
enzyme produced by the bacterium 
Esherichia coli K that could attack and 
break down foreign DNA. 

Smith and Wilcox then set to work 
to look for such an enzyme in 
Haemophilus influenzae. By the spring 


Nature Vol. 275 26 October 1978 


elegant experiments Dr Nathans has 
taken advantage of the many facets of 
restriction enzymes to further his 
studies of SV40. 

As so often happens in science a 
rather slow and modest beginning 
suddenly leads to an explosive burst of 
interest and a rush of new knowledge. 
Arber’s painstaking studies leading to 
the formulation of the molecular 
mechanism for host controlled restric- 
tion-modification allowed Smith to 
appreciate the nature of the enzyme 
activity he discovered in H. influenzae. 
The potential value of this kind of 
enzyme as a tool for research was 
realised by Nathans. Today it is 
scarcely possible to pick up a bio- 


chemistry journal without being in- 
undated by the restriction enzyme 
acronyms. {J 


of 1969 they had found and purified it. 
But then Wilcox was drafted into the 
army, leaving Smith to continue the 
work alone. He progressed with much 
help from Bernard Weiss. working in 
a neighbouring laboratory, and later 
with the vital collaboration of Thomas 
J. Kelly Jr, newly graduated from Johns 
Hopkins University Medical School. 
Smith and Kelly soon identified the 
specific site on the DNA where the 
enzyme made its attack. 

Meanwhile Smith had written to his 
friend Nathans, then working in 
Israel, about the interesting enzyme 
he had found in Haemophilus in- 
fluenzae. At that time Nathans was 
interested in the relatively unexplored 
molecular biology of the virus SV40. 
He recalled that he had been wondering 
how he could obtain pieces of its DNA. 
Smith’s letter provided the answer. He 
realised that restriction enzymes that 
attacked specific sites could be used to 
manipulate DNA in the same way that 
the enzymes trypsin and chymotrypsin 
were used already to analyse proteins. 

Back in his laboratory tn Baltimore. 

early in 1970, Nathans confirmed that 
restriction enzymes could attack the 
DNA of SV40. Then. together with 
colleagues K. J. Danna and G. H. Sack 
Jr. he set about using them to in- 
vestigate the structure and function of 
that viral DNA. The work made rapid 
progress, and eight years later restric- 
tion enzymes were among the hottest 
properties in molecular biology. And 
then came the early morning phone 
call. 
Of the contributors to this section, Michael 
Rowan-Robinson is at Queen Mary's Col- 
lege, London, David Shoenberg is at the 
Mond Laboratory, Cambridge, Richard 
Roberts is at the Cold Spring Harbor 
Laboratary, New York and Mary Lindley 
is on sabbatical from Nature at Johns 
Hopkins. A report on this year’s prize- 
winner in chemistry, Peter Mitchell, fol- 
lows next week. 
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Are deserts ecosystems? 


ae Peter D. M oore 

THE second ite ietidnat: Congress of 
Ecology, (INTECOL) was held, recently 
in Jerusalem* and the choice of venue 
made it inevitable that some, emphasis 
would be placed upon desert eco- 
systems Or should one refer to the 
deserts as ecosystems at-all? N Meir 
(Hebrew University, Jerusalem) intro- 
duced a controversial, if semantic, 
note early in the proceedings by stating 
that since interaction between species 
is, of little importance in desert .com- 
‘munities, the understanding of desert 
ecology involves simply the sum of 
autecological information about the 
component species. The ecosystem 
concept, he claimed, is of little value 
in such habitats. This led to the im- 
promptu, construction of a desert eco- 
system-. model by H. T. Odum. 
Evidently. it is still respectable in some 
quarters to ae deserts in ecosystem 
terms. 

Meir’s pôi (originally made by 
Darwin) about the low level of inter- 
actions between species in deserts,. how- 
ever, cannot be disputed. Plant density 


is low, mortality is largely density in-, 


dependent, pollination mechanisms are 


largely unspecialised and mycorrhizal . 


relationships are rare Seed predation 
can be very heavy on the other’ hand: 
often 90% of a plant’s seeds may be 
eaten by rodents. The animal/plant 
interaction may be delicately balanced 


and plant species which tre particularly : 


dependent on seed ' production 
(r-strategists) may have their popula- 
tions’ controlled by’-seed predators 
S. R. Morton (University of California, 
Irvine) pointed out that there is’ about 
three times ‘the number of granivorous 
mammal species in. ‘the: North 
American’ deserts than in the deserts 
of Australia.: Seed predation in 
Australia is still very high, however, 
but birds and’ ants frequently assume 


this trophic role’ He suggsted- that this | 


could be due to the’ late (Oligocene) 
arrival OF rodents in’ ‘Australia which 


*Hek: 10-16 Septomber ` 
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would have permitted the diversifica- 
tion of birds and ants into the available 
niches. 

The main constraints on the flora 
which prevent competitive interactions 
developing are ‘evidently the high 


temperatures and lack of water in the - 


deserts and some accounts were given 
of remarkable adaptations to these ex- 
treme habitats For example, there are 
the endolithic microorganisms found 
within porous rocks, such as sandstones 


‘and limestones. E. I. Friedmann and R. 


Ocampo-Fnedmann (Florida State Uni- 
versity) described such organisms from 
both the cold deserts of the Antarctic 
and the hot deserts of Sinai. The outer 
layer of rock, about 1 mm in thickness, 
is‘ usually devoid of living matter, but 
its pores are often blocked by debris 
The next 1mm layer is occupied by 
photosynthetic algae (often with fungal 
associates*in a ‘primitive lichen. symbi- 
osis) or by cyanobacteria or colourless 


bacteria. Nitrogen is generally not 


fixed. by these organisms, but is avail- 
able from the rock or from atmos- 
pheric fixation. The blockage of pores 
in the outer layer effectively seals the 
inner system, leading to water con- 
servation. The advantage of such a 
closed ‘hydrological :-system is evident 
when one considers ‘the data: of L 
Kappen and O. L. Lange (University 
of Wurzburg) ‘who have: shown : that 
some fruticose desert lichens, such as 


‘Ramalina massiformis demand relative 


humidities of greater than 90% before 
there is a measurable net gain in CO.. 
This means that only in a brief period 
after dawn, following nightly dew 
absorption, is there a net photo- 
synthetic gain: Such a species can only 
achieve an annual relative growth rate 
of 195mg CO, g" dry weight Hiding 
in the rocks has its advantages. ' 

P. J. Weisser (University of Chile, 
Santiago) described a‘ rather similat 


‘site adaptation in a species of the 


cactus genus Theldcephala from the 
Atacama desert of Chile. This area is 
practically devoid of- plani life except 


along the coast where fog is a major 
source of precipitation. Here the 
Thelocephala species was found buried 
beneath a layer of sand 05-20cm 
thick. Presumably the higher humidity 
of this microhabitat makes it attractive, 
despite the fact that the photo 
synthetically active radiation at a depth 
of I cm is reduced to about 1% of that 
at the surface. 

The prevention of water loss, either 
by habitat specialisation or by more 
conventional stomate control, has its 
cost in terms of production. L R. 
Cowan (Australian National University, 
Canberra)’ cansidered water use 
efficiency in plants in terms of the 
relative sensitivity of transpiration rate 
and assimilation rate to changes in 
stomatal apertures. Changing environ- 
mental conditions, such as increasing 
aridity may place those species at an 
advantage which have the capacity to 
vary this ratio, for example facultative 
crassulacean acid metabolism plants. 

Such evidence concerning adaptation 
in desert plants demonstrates how 
natural selection in these environments 
has operated, in Darwin’s words, 
through a “struggle with the elements”. 
Evolution in deserts has apparently 
been dominated by this struggle rather 
than by competitive interactions 
between organisms. 

’ Yet this is not the whole story, for 


it is among desert shrubs that one 


occasionally finds regularity of dis 
persion which betrays an underlying 
intraspecific competitive interaction 
which limits seedling recruitment. Such 


Tegular patterns have been described 


both in North America for Larrea 
tridentata (see Fonteyn & Mahall 
Nature 275, 544; 1978) and in Asia for 
Zygophyllum eurypterum. Interspecific 
interactions are also known, as was 
described at the INTECOL meeting by 
A Danin (Hebrew University, 


Peter D Moore is a Semor Lecturer in 
the Department of Plant Sciences, King's 
College, London. 
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Jerusalem). Some’ halophytic species, 
such as Reauwmuria hirtella excrete salt 
from their leaves, thus increasing the 
salinity of their adjacent soils; other 
halophytes may have the same effect 
as a consequence of the shedding of 
salt-nch leaves The outcome is sup 
pression of the germination:and estab- 
Kshment of glycophytic annuals in their 
vicinity . 

M. M. Caldwell (Utah State Univer- 
sity, Logan) provided one example of 
a situation where one desert shrub had 
been replaced by another The compe- 
tition was between Ceratoides lanata 
(C3 species) and Atriplex confertifolia 
(C4 species) in the Great Basin Desert 
of North America Carbon from the 
roots of Ceratoides had “C values of 
~—-22 to —25, whereas that from 
Atriplex had values of —18 to —19, 


which ‘is to be expected from C3 and 
C4 plants respectively. But when soil 
Organic matter carbon was examined 
for the layers beneath areas now 
occupied by Ceratoides it was found 
that upper levels had a 
—20 to —23, whereas deeper layers 
provided values of —15 to —18 Evi- 
dently the C3 species has invaded and 
replaced Atriplex in areas which once 
it dominated. The C4 system does not 
always come out on top. 

To say that competitive interactions 
within or between species in deserts 
are unimportant is thus: an over- 
simplification of the ‘actual state of 
affairs. It may be that the adaptations 
which competitive selection has 
imposed upon desert species are subtle 
and must be sought at a metabolic 
level. a : ' C 


Does Venus have an intrinsic magnetic field? 


from C. T. Russell 


DECEMBER on Venus promises to be 
yery busy this year. Every 18 months 
the energy required to launch a probe 
to Venus reaches a minimum During 
this vear’s energy minimum or, as it is 
more commonly called. launch ‘op- 
portunity, the USA and the USSR 
each launched two spacecraft to Venus. 
The two US spacecraft are scheduled 
to arrive on 4 December. (an orbiter) 
and on 9 December, (a ‘bus’ carrying 
one large and three small atmospheric 
probes). The USSR spacecraft are ex- 
pected to ‘arrive at Venus in late 
December and are generally believed 
to consist each of a lander with a flyby 
‘bus’ rather than an orbiter. Thus in 
December. we expect that Venus will 
be visited by six atmospheric probes. 
two of which will make measurements 
of the Venusian surface. one bus space- 
craft that will burn up in the atmos- 
phere and two that will pass by. and 
an orbiter which will stay for some 
time making measurements to altitudes 
as low as 150 km above the surface 

One of the key questions to be ad- 
dressed by the orbiter spacecraft is 
whether Venus possesses an intrinsic 
planetary field similar to those of the 
Earth and Mercury. Initial observations 
with Mariners 2 and 5 and Venera 4 
suggested that Venus might not in fact 
have an intrinsic magnetic field 
However. reexamination of some of 
these earlier data (Russell Geophys 
Res Lett, 3, 125. 1976) and 
more recent reports of the Venera 
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C T. Russell is in the Institute of Geo- 
physics and Planetary Physcs at the 
University of California, Los Angeles. 
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9 and 10 orbital magnetic measure- 
ments (Dolginov et al. Lunar Science 
IX, 256, 1977) have provided evidence 
in favour ‘of an intrinsic field 
The situation is far from clear. and 
the recent report of plasma measure- 
ments by the Venera 9 and 10 wide- 
angle plasma devices (Verigin ef al 
} geophys Res., 83, 3721, 1978) does 
little to resolve this question There 
i$ no doubt from the Venera 9 and 10 
data that the obstacle deflecting the 
flow over the forward hemisphere of 
the. planet is the ionosphere The 
authors suggest a stagnation point, or 
effective obstacle height. of 500 km 
altitude In fact it is probably even 
closer to the planet than this More 
recent Russian radio occultation data 
indicate 260 km to be a more likely 
obstacle height. Thus any intrinsic 
planetary field plays only a minor role 
in deflecting the solar wind With the 
solar wind penetrating this close to the 
planet. charge exchange of the solar 
wind with the hydrogen geocorona 
could be an important mechanism in 
decelerating the solar wind ahead of 
the planet as suggested by Wallis 


(Nature, 233, 23, 1971). This mechan 


ism would at a very minimum in the 
subsolar region weaken the Venus bow 
shock which slows down and heats 
the supersonic solar wind before it hits 
the ionosphere The authors reject this 
hypothesis but show no data in the 
subsolar region. It is stil! possible that 
no well-defined shock transition exists 
in this region. 

Verigin ef al also report on measure- 
‘ments in the wake region behind 
Venus. Here they find a plasma 


C of 
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magnetic tail similar in many respects 
to the terrestrial magnetotail in which 
a “magnetic field prevents plasma from 
filling the region behind the obstacle ” 
However, the authors leave open the 
question as to whether the tail field 
arises from intrinsic or ionospheric 
sources. 

Verigin ef al. also compare the 
Venera data with the Soviet Mars 
data In many respects the Mars and 
Venus plasma measurements are 
similar, but Mars seems to stand off 
the solar wind further above the 
ionosphere than Venus The authors 
suggest that this fact indicates that the 
Martian obstacle to the solar wind is 
different from the Venusian obstacle, 
and that the Martian obstacle is indeed 
an intrinsic fleld. On the other hand, 
I find the other evidence for a 
Martian magnetic field less convincing 
than for Venus (Geophys. Res Lett., 
5, 81, 1978). | 

In short the question of the existence 
of intrinsic planetary magnetic fields 
for the Earth’s two nearest neighbors 
is still very controversial. We expect 


‘that further analysis of the Venera 9 


and 10 data and the new data to be 
acquired in Decémber will resolve this 
question for Venus. However. there 
are no plans to my knowledge to probe 
the Martian magnetic field until at 
least 1982. At that time the American 
Galileo spacecraft. as presently 
scheduled. will whiz by at an altitude 
of closest approach of 275 km on its 
way to Jupiter. If I were polled on the 
eventual outcome of these investiga- 
tions ] would vote yes for a presently 
operating Venusian magnetic dynamo 
and no for a Martian dynamo. ` O 


Sex pheromones 
in bacteria 


from J R Saunders 


Tue role. of sex pheromones in mating 
is well established in higher organisms 
and fungi In contrast there is scant 
evidence for such chemical sex attract- 
ants in bacteria In Gram-negative 
bacteria the formation of aggregates 
of bacteria during conjugation is 
well known (see for example. Achtman 
& Skurray in Microbial Interactions 
(Series B. Receptors and Recognition 


Vol 2) 233 {ed Reisig) Chap- 
man and Hall. London, 1977) The 
molecular mechanisms involved in 


genetic transfer during bacterial conju- 
gation have been intensively studied but 
much less is known of the signalling 
processes which might initiate contact 
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THE sea moths are a small family 
(Pegasidae) of marine fishes found 
only in the Indian and western Pacific 
oceans, from East Africa to Hawaii. 
They are enigmatic little animals en- 
cased in a hard exoskeleton and with 
relatively small fins except for the 
pectorals which are close behind the 
head and which open fanning out in 
the horizontal plane. It is these large 
pectoral fins.. wing-like at a first 
glance. which gave them the name of 
sea moths. In» life these fins are 
‘fluttered’ and the fish moves in short 
bursts over the sea bed—as W. E. 
Gosline and V. E. Brock (Handbook 
of Hawaiian fishes, 290. 1960) observe 
of captive fish this species acts . . 
like a not very large butterfly”. Curi- 
ously for such interesting-looking 
animals very little seems to be known 
of their natural history. Most seem 
to live in shallow water (down to 
200 m) on sandy bottoms, presumably 
relying on cryptic coloration and 
irregular swimming. action to avoid 
predators. although one species is 
described as being red in colour with 
_blue eyes! 

While their biology and life style 
are poorly known there is a wealth of 
discussion. and disagreement, over 
their systematic position. Recently, 
T. W. Pietsch (Copeia (3) 517; 1978) 
has reviewed the previous literature 
and on the basis of his studies of the 
skeleton of the sea moths has at last 
provided firm evidence for their 
classification. As Pietsch points out 
two main schools of opinion have 
existed in the past. The earliest dis- 
cussions placed them with the pipe- 
fishes. sea horses. and their relatives. 
a stance that was general up to the 
early twentieth century. However. 
Günther (An Introduction to the 


Sea moths 
pinned down 


from a Correspondent 





Fig, | Pegasus draconis. After Day, 1878. 


others, impressed by resemblances to 
certain scorpaeniform fishes (gur- 
nards. scorpion fishes, and especially 
the poachers) aligned them with this 
group. Later authors followed this 
lead. some more tentatively than 
others, but the general consensus of 
opinion during the present century 
has been that they were a distinct 
order, Pegasiformes, close to but dis- 
tinct from the scorpaeniform stem. 

As a result of an elegant study of 
the skeleton of Pegasus, Pietsch has 
shown that its upper jaw in particular 
seems to be unique amongst living 
fishes although similar, if not identi- 
cal. to the jaw mechanism of the 
fossil Ramphosus from the Lower 
Eocene of Monte Bolca and Den- 
mark. There has been general agree- 
ment that most of the structures of 
Ramphosus place it amongst the 
syngnathiform fishes (such as pipe- 
fishes). This suggested that Pegasus 
may well be closely allied to the pipe- 
fishes and their allies and Pietsch has 
found a number of significant features 
which support this view. In addition 
to the similarities in cranial osteology. 
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His further sonciush 
the classification. of these € 
little fishes is that thes Hie in 
ate between the two main gro 
the one hand the stickiebacks heme 9 | > 
selves a group with a chequered. his- Foa 
tory of classification) and on the | 
other the pipefishes and their allies. 
All three grouss are now united in |> 
the order Gasterosteiformes. To allow | 
for the absorption of the new group 
within the order Pietsch has put for- 
ward a new dassification in which 
the sea moths represent a new super- 
family. As he points out, this is tenta- 
tive, as further investigation of several 
presumed relatives is still required. 

It is mildly wonic that these little- 
known fishes, early examples of which 
mostly reached Europe as pinned 
specimens in Chinese insect boxes. 
have now beer placed alongside the 
sticklebacks and pipefishes which are 
probably the most intensively studied 
fishes. The cyn ce might also point oul 
that in this new classification the sea 
moths are merely returning to the 
position they occupied in the mid- 
nineteenth century. However, on ac- 
count of Pietsch’s careful anatomical 
comparisons ard detailed discussion i 
seems that this time they will be 
firmly pinned down-—~not in insect 
boxes—but in between the stickle- 
backs and the pipefishes within the 
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between | donor and recipient cells. a process requiring cell-to-cell contact to adhere even in the absence. of- 
Although mating signals have been and resembling conjugation in Gram- recipients. However, CIA is not. a E 
postulated in conjugation little con- negative bacteria (Jacob & Hobbs 1974; physical agglutinating agent but rather — 


vincing proof has yet been obtained for 
the presence of specifically ‘sexual’ 
attractants. A recent paper from D. 
Clewell’s laboratory (Dunny. Brown & 
Clewell. Proc. natn. Acad. Sei, U.S.A. 
75, 3479; 1978) now provides evidence 
for the existence of a sex pheromone 
in the Gram-positive bacterium Strepto- 
coccus faecalis, a normal inhibitant of 
the gut. Some strains of this organism 
possess plasmids specifying a number 
of characteristics including haemolysin 
production. bacteriocin production and 
antibiotic resistance. Certain of these 
plasmids can promote gene transfer by 
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J. Bact. 117, 360: 1974). It has been 
found that donor and recipient strains 
of S. faecalis form clumps in mating 
mixtures. Clumping has the effect of 
bringing donors and recipients into 
close contact with each other and ob- 
viously increases the probability of 
successful transfer of DNA during 
conjugation. The formation of these 
clumps or mating aggregates in S, 
faecalis is apparently induced by an 
extracellular, heat stable protein of 
molecular weight between 1.000 and 
10,000. This protein. termed a clumping 
inducing agent (CIA) is produced. per- 
haps surprisingly. only by recipient 
(female) cells and not by donors 
(males). Furthermore. cell-free prep- 
arations of CIA will cause donor cells 


a signal (pheromone?) which induces in 
donors a sequence of events resulting . 
in cellular adnesion. Donor cells must > 
be exposed te CIA for 30 min before 
clumps are fermed, During this time 
the CIA seems to induce the synthesis 
of RNA and orotein species which are 
necessary for clumping. 

A further interesting property of the 
S. faecalis mating system is that re 
cipients show a reduced ability to elei 
CIA once they have acquired a self- 
transmissible plasmid thereby becoming 
male. This implies that streptococcal 
sex factors cain regulate CIA either by 
switching off svnthesis of the protein 
or by inactivating pre-existing mob : 
ecules of CIA. This would seem to be o 
reasonable in terms of biological econ 
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omy as it would be wasteful for two 
male strains to mate with é¢ach other. 
The mode of action of CIA is itself 
intriguing It will be necessary to deter- 
/Mine the precise nature of the macro 
molecules induced in donors by CIA 
and how these could' engineer the 
clumping response It 1s possible that 
CIA may have an additional function 
in mitiating the mobilisation of DNA 
for transfer in conjugation The dis 
covery of CIA in S. faecalis should 
stimulate furthér research to deter- 
mine whether sex pheromones are a 
more general phenomenon amongst 
bacteria. | a 


Cosmochemistry and 
evolution 


from A. H Olavesen and 
N. C. Wickramasınghe 


AN international workshop on Cosmo- 
chemistry and the Origins of Life, 
organised by University College, 
Cardiff, was recently held at Gregynog 
Hall, Wales A broad overview of the 
conventional ideas of chemical evolu- 
tion was provided by C Ponnamperuma 
(University of Maryland), who pointed 
to numerous laboratory experiments 
which showed the production ‘of bio- 
chemical monomers from suitably 
energised mixtures of CH,, NH; and 
HO. Such conditions are usually postu- 
lated to have occurred on the primitive 
Earth A. W Schwartz (University of 
Nijmegen, Netherlands) provided’ fur- 
ther evidence for’ the laboratory pro- 
duction of biochemicals from simpler 
chemicals. A wide range of bio- 
chemicals could be synthesised from 
70% utectic mixtures of HCN in water 
For instance all the purines were 
formed spontaneously in such systems. 
but pyrimidine synthesis required fur- 
ther ultraviolet-catalysed rearrange- 
ments. Phosphorylation reactions were 
envisaged as being derived from active 
phosphorylating agents arising from the 
interaction of apatite with certain other 
products of the HCN reactions Re- 
actions involving HCN were thought 
to have occurred most probably over 
primitive land masses whilst con- 
densations of formaldehyde occurred in 
the primitive oceans The two chemical 
systems are considered to have come 
together a‘ the land-water interface 
H Noda (University of Tokyo) dis- 
cussed’ the probability of the appedr- 
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ance of a living system from a mixture 
of present-day biochemical monomers. 
It was concluded that random mole- 
cular combinations could not have Ied 
to the emergence of life with any rea- 
sonable probability. A. G Cairns-Smith 
(University of Glasgow) pointed out 
that it was unreasonable to expect the 
most primitive genetic material to in- 
volve such a complex organic polymer 
as a nucleic acid. He considered it more 
likely that the crystal structure of 
simpler inorganic materials, such as 
clay minerals, might have served as 
some kind of primitive gene. Clay 
particles might also have served to con- 
centrate organic materials necessary for 
the origin of life by surface absorption 
processes, l 

M Paecht-Horowitz (Hebrew Uni- 
versity of Jerusalem) demonstrated that 
certain well-directed polypeptide syn- 
thesis could be achieved in the presence 
of some clay minerals. A degree of 
polymerisation of up to about 24 amino 
acids was shown to ‘be possible in this 
way, and the process was thought to be 
related to the persistent occurrence of 
blocks of amino acids in present-day 
proteins P Decker (Chemical Insti- 
tute, Hanover) discussed the role of 
autoca‘alytic systems in the early 
development of biochemistry. Feedback 
loops in such systems could achieve 
steady-state concentrations of certain 
biochemicals without the’ necessary 
participation of enzyme catalysts 

J T Wimpenny (University College, 
Cardiff) traced the evolution of mi- 
crobes from anaerobic prokaryotes to 
eukaryotic structures Evolutionary 
pressures are thought to have forced 
primitive prokaryotes to develop in- 
creasingly sophisticated systems for the 
utilisation and conservation of essential 
ingredients He ‘stated that further 
biochemical evolution was effectively 
predetermined at the stage at which the 
first eukaryotic systems emerged 

The question of the site for the 
origin of life pervaded the entire 
meeting Most participants preferred 
a terrestrial origin, but a radically dif- 
ferent proposal by F Hoyle and N C 
Wickramasinghe (University College, 
Cardiff) was the subject of much dis 
cussion Hoyle and Wickramasinghe 
argued that the set of biochemical 
monomers necessary for the origin of 
life is produced in mass flows from 
stars and is abundant in interstellar 
molecular clouds Such biochemicals 
were mopped up into comets when the 
Solar System formed and high aqueous 
concentrations of these materials are 
maintained for long periods in 
cometary interiors were they propose 
that life began Hoyle and Wickrama- 
singhe suggested . that comets still 
continue to shed living systems onto 
the | Earth in the form of bacteria 


Nature Vol. 275 26 October. 1978 


and viruses. They then discussed an 
analysis of influenza attack rates in 
boarding schools (during the ‘1978 
epidemic) which they claim ‘provides 
evidence against normal explanations 
for the spread of this virus 

P M. Solomon (State University of 
New York, Stony ‘Brook) -reviewed 
astronomical data relating to galactic 
molecular clouds Over 40 molecular 
species have been detected so far and 
include HCN and formaldehyde. which 
are also the most ubiquitous of the 
simpler organic molecules in the 
Galaxy It is of interest that laboratory 
synthesis of biochemicals have mainly 
involved these two cosmically abundant 
species, - 

W M. Irvine (University of Massa- 
chusetts) discussed radioastronorhical 
observations of molecules in comets 


‘Molecules detected so far include HCN, 


CH3CN, HLO and several radicals. and 
ions There are several radio lines in 
comets which are asyet unidentified 
S. Yabushita (Kyoto University, Japan) 
discussed theories of cometary origin 
K. Nandy and D H Morgan (Royal 
‘Observatory, Edinburgh) reviewed 
astronomical observations relating to 
an ultraviolet ‘interstellar absorption 
feature centred on A=2200A_ The 
most likely contributors to this band are 
thought to be small graphite spheres of 
radii less than 200 A N. Nakagawa and 
A Sakata (University of Electro- 
Communication, Tokyo) considered the 
role of organic molecules with con- 
jugated double bonds in producing the 
42200 A band They also discussed 
mechanisms for the formation of such 
molecules by grain surface reactions in 
interstellar space, and described lab- 
oratory experiments which synthesised 
such molecules as HGN, HGN, HCN 
and HGN from HCN O 


European geophysics 
from Geoffrey M Brown 


OF all the branches of science which 
attempt to operate under omnibus 
umbrellas, possibly the most nebulous 
1s geophysics The spectrum of interest 
extends from what is curiously referred 
to as ‘solid earth’ to the outermost 
eatremities of the terrestrial environ- 
ment It is evident that in any assembly 
of geophysicists in conference there 
will be no uniting theme. The recent 
meeting of the European Geophysical 
Society was no exception If one had 
to select a single phrase to summarise 
the conclusions from the wide coverage 
of subjects it would be to emphasise 
progress in techniques Repeatedly 
there were references to recent 
advances in measuring techniques and 
instrumentation, the development of 
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new techniques, the application of 
numercial techntques, and the refine- 
ment of analytical techniques. 

In the symposium on active plate 
boundary regions of the North Atlan- 
tic, results of the long-range side- 
scan sonar GLORIA were presented 
which confirmed the importance of 
this technique for tectonic studies of 
such boundaries. New syntheses of the 
seafloor spreading history of the North 
Atlantic have been undertaken, and 
a major land/sea refraction experi- 
ment hag shown that in the top few 
tens of kilometres beneath Iceland 
normal upper mantle velocities are 
absent. Partial meking is suggested by 
an increase in Poisson’s ratio with 
depth. l 

Thanks to major improvements in 
palaeomagnetic and rock magnetism 
analysis techniques, increasing detail 
is now available on the relationship 
between successive phases of deforma- 
tion and metamorphism, and on 
estimates ‘of parameters such as age 
and temperature. The general charac- 
ter of the palaeomagnetic record is 
now so well established that claims to 
discover new ‘anomalies’, whether in 
general palacomagnetism or magneto- 
stratigraphy, must pass rigorous 


standards of analysis before they can_ 


be considered seriously. 

In fluid dynamics, which spans the 
atmosphere, oceans, mantle and core, 
much progress has been made by com- 
bining field observations, laboratory 
experiments and numerical analyses 
For example, in thermal convection 
some of the patterns (roils, hexagons, 
knots, skewed varicose instabilities) 
identified in the laboratory, are now 
recognised (though not yet fully under- 
stood) in clouds in the atmosphere and 
even in small boulder formations in 
Arctic regions. The effects of conden- 
gation on mountain lee waves can now 
be modelied, whilst on a larger scale 
this is evidence that the global circula- 
tion may be quantised into a number of 
stable and unstable states, transition 
being effected by small-scale pertur- 
bations Transition probability is a 
major problem. 

‘External geophysicists’ were served 
by three symposia. In one, concerned 
with the aeronomy and dynamics of 
the lower ionosphere, the main mess- 
age was the importance in the height 
region '70-90 km, of the influence of 
the neutral atmosphere on the idnised 
atmosphere The mechanisms which 
control this ion-neutral coupling are 
being intensively studied In general, 
the rate of production of ionisation is 
largely determined by the transport of 
atmospheric minor constituents, such 
as nitric oxide, while the rate of loss 
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of ionisation is strongly dependem on 
the extent of the water cluster-ion 
regime which, in “its turn, 1s’ controHed 
by the temperature of the atmosphere 
Knowledge has significantly advanced 
through the extension and improve- 
ment of both ground-based and rocket 
techniques. ‘Particular attention was 
given to results from the Western 
Europe: Winter Anomaly Campaign of 
1975-76, which have demonstrated that 
anomalously high radio wave absorp- 
tion in winter arises-from both in- 
creased production and decreased loss 
of ionisation in the D region. Greatly 
improved digital telemetry in rocket 
experiments reveals a fine structure in 
both the ionisation and neutral gas 
density in the lower ionosphere. As 
another example of progress in tech- 
niques VHF radar using very short 
pulses integrated over a second has 
been used to detect very thin vertically 
moving layers in the height range 60- 
75 km. 

The other two atmospheric symposia 
were concerned with different aspects 
of the acceleration of charged particles 
in the Earth's environment. The 
mechanisms which impart the 
Necessary energy to the particles re- 
sponsible for the aurora have long been 
elusive. In the symposium on auroral 
acceleration processes, experimental 
auroral data covering a range of para- 
meters were compared with theoretical 
predictions, computer simulations and 
laboratory studies of plasma accelera- 
tion mechanisms. The role of electric 
fields parallel to magnetic field lines 
within an Earth’s radius is being 
actively studied. The injection of 
tracer beams of electrons and ions 
promises to be an important new 
technique in ‘the experimental 
measurement of such fields. Valuable 
new insights are expected to come from 
more detailed experimental study of 
particle distributions, there is need for 
clarification of the association between 
accelerated particles and plasma waves 
The consensus was that acceleration by 
quasi-static electric fields is probably 
the most viable model to date, although 
itis clear that no single theory is cur- 
rently capable of accounting for all 
observations 

In the symposium on the bow shock, 
consideration was given to the accelera- 
tion of charged particles in space in the 
collisionless region ahead of the 
magnetosphere where wave-particle 


interactions transform the cool, super- 


sonic solar wind in the interplanetary 
medium into hotter, lower speed 
plasma in the magnetosheath. Very 
recent measurements -aboard the first 
two ISEE (International Sun-Earth 
Explorer) ' satellites, only a few 
hundred kilometres apart, were pre- 
sented which enable temporal varia- 
tions to be resolved from spatial 
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variations for the first time. These 
show the preserce of ions, sometimes 
suggestive of beams with rather well- 
defined angular distributions and with 
energies up to a few keV, believed to 
be accelerated by wave-particle inter- 
actions at the bow shock. They also 
show that the chickness of the shock 
may vary by a considerable factor. 
The detailed ISEE observations now 
available in space will remove some 
of the ambiguities of single spacecraft 
measurements and should led to re- 
newed theoretical efforts to understand 
the intricate physics of collisionless 
shocks in plasmas. 

The EGS is a young society which 
seeks to bring together geophysicists of 
all types through tts annual meetings. 
Already detailei plans are laid for the 
sixth meeting in September 1979 in 
Vienna : E 
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Liposomes in the 
therapy of lysosomal 
storage diseases 

from Gregory Gregoriadis 


Tue first lysosomal storage disease was 
identified by Eers in 1963, who found 
that deficiency in lysosomal X- 
glucosidase resulting in glycogen ac- 
cumulation wes:the underlying cause 
of the clinical manifestations of 
Pompe’s disease (glycogen storage 
disease type ID. Other lysosomal stor- 
age diseases (LSDs) were subsequently 
discovered which involve the total or 
partial absencs of various hydrolytic 
enzymes Initiel attempts at enzyme re- 
placement therapy by the direct admin- 
istration of the missing enzyme isolated 
from foreign end human sources were 
disappointing “reviewed by Desnick ef 
al. Physiol Rev 56, 57, 1976). Patients 
set up immunological reactions to the 
foreign enzymes and some enzymes 
even fail to enter afflicted cells 
Enzyme is also wasted through pre- 
mature inactivation or loss to irrel- 
evant areas (see Enryme Therapy in 
Lysosomal Storage Diseases (eds Tager, 
Hooghwinkel & Daems) North Holland 
Publishing Company, Amsterdam, 
Oxford, 1974). 

Some years ago liposomes were pro- 
posed as suitable enzyme carriers (for 
a recent review see Finkelstein & 
Weissmann J Lip. Res. 19, 289; 1978). 
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Biochemical and morphological obser- 
vations showed that, in vivo, liposomes 
could transport agents into the lyso- 
somes of cells (mainly those of the 
reticuloendothelial system and the 
hepatic parenchymal cells) by endo- 
cytosis. Liposomes protect their ezyme 
contents from circulating antibodies 
and prevent them from attacking 
normal blood components. Work with 
model lysosomal storage ‘diseases’ sug- 
gested that enzymes transported in this 
way into lysosomes could degrade 
stored materials, and recently fibro- 
blasts from a cystinotic patient were 
partially depleted of lysosomal cystine 
after exposure to liposome-entrapped 
cysteamine. 

Reynolds er al. (page 754, this issue 
of Nature) now present a method for 
evaluating the liposome approach to 
enzyme replacement therapy in a 
naturally occurring LSD, namely feline 
GM, gangliosidosis, which is character- 
ised by a deficiency in B-galactosidase. 
Skin fibroblasts from cats with GM, 


gangliosidosis were initially pulse- 
labelled with radioactive galactose 


(galactose-labelled glycopeptides in the 
lysosomes of diseased cells are not 
catabolised over a period of days). 
Exposure of galactose-labelled cells to 
liposomes containing -galactosidase 
from feline liver is followed by the 
catabolism of the radiolabelled glyco- 
peptides as a result of the concomitant 
uptake of the enzyme. apparently 
through endocytosis of its liposomal 
carrier. In this and other cases free 
enzyme fails to enter the cells. 

Clearly this is an attractive way to 
measure the efficacy of a given lipo- 
somal enzyme preparation within target 
cells and could be easily applied in a 
variety of LSDs. However. degradation 
of pulse-labelled substrate. obviously 
concerning newly synthesised materials, 
may not be characteristic of enzyme 
action on all accumulated substrate in 
all intracellular areas. Indeed. it is pos- 
sible that lysosomes which are either 
aged or excessively loaded may not be 
able to fuse with the endocytic vacuoles 
transporting the lHposomes or with 
young secondary lysosomes which have 
already incorporated the enzyme. In 
addition, much of the substrate may be 
in a physical state resistant to enzyme 
activity. Therefore. experiments are 
now needed to show that what Rey- 
nolds et al. achieved with pulse-labelled 
fibroblasts can also be achieved with 
cells at the centre of a given LSD (for 
example, fixed macrophages from adult 
Gaucher's disease patients storing 
glucocerebroside, cardiac or skeletal 
muscle cells from glycogen storage 
disease type I] patients) by measuring 
total stored material and examining 
cellular morphology and function be- 
fore and after exposure to enzymes. 

Extrapolation of results from in vitro 


experiments to the overall efficacy of 
the system in vivo could, however, be 
meaningless. In dealing with animals 
one should consider difficulties related 
to the journey of the carrier to areas in 
need of treatment. Liposomes must 
retain the enzyme while in the circula- 
tion and must therefore be designed 
appropriately. In several LSDs in- 
volving tissues other than liver and 
spleen, the carrier must cross mem- 
branes to reach and enter diseased cells 
(entrance into nerve cells seems im- 
probable at present) and control of its 
size and surface characteristics will be 
needed (for a review see Gregoriadis 
Nature 265, 407: 1977). Reduction in 
size will also ensure less interference by 
the liver and spleen. although the 
chances are that these tissues will 
themselves be enzyme deficient and 
participation in uptake is unlikely to 
be detrimental. Possible toxicity of 
liposomal lipid components and in- 
creased immunogenicity of adminis- 
tered enzymes promoted by the carrier 
must also be taken into account (dis- 
cussed by various contributors, Ann. 
N.Y. Acad. Sci. 343: 1978). 

Assuming that enzymes reach target 
cells and degrade much of the stored 
material, will this then lead to the 
organ functioning normally? In adult 
Gaucher’s disease for instance, liver 
and spleen grow enormously with con- 


Radiation research in 
from R. B. Cundall 


A RECENT conference* in Denmark 
covered most of the topical and debat- 
able aspects of radiation science, in 
addition to what now appear to be well 
established and steadily progressing 
areas, such as electron trapping. 
excited states. and free radical re- 
actions. The conference was attended 
by delegates mainly from Scandinavia, 
and served particularly well in the 
attention which was directed to con- 
troversial and timely topics. These 
were the disposal of nuclear waste, in- 


dustrial applications of high energy 
radiation. and radiation effects on 
DNA. 


Legislation recently introduced in 
Sweden on the disposal of spent fuel 
and wastes from nuclear power gener- 
ation has served to concentrate much 
effort and thought on this subject. 
Papers by F. Lofveberg (Nuclear Fuel 
Safety Project. Sweden). A. Lund 
(Nykoping, Sweden), J. A. C. Marples 
(AERE. Harwell, UK) drew attention 
to the nature and properties of vitrified 
waste and the thought-provoking prob- 
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comitant development of fibrous tissue 
and other secondary morphological as 
well as metabolic disturbances, and in 
several lipidoses nerve cells are prob- 
ably irreversibly damaged. Our experi- 
ence (Belchetz et al, Lancer i, 116; 
i977) with an adult Gaucher's disease 
patient being treated for over 30 
months with liposomes containing 
glucocerebroside:  B-glucosidase iso- 
lated from human placenta, provides 
evidence that the enzyme is acting in 
the liver. as the transient pain in that 
area after each injection is proportional 
to the amount of enzyme given. Signi- 
ficantly, the patients health has 
stopped deteriorating since treatment 
began and there is some reduction in 
abdominal pain due to liver pressure as 
well as some improvement of reticulo- 
endothelial system function. In the only 
other case of LSD treatment with 
liposomes some reduction in liver size 
was also reported. Unfortunately. how- 
ever, the patient (an infant with glyco- 
genesis type TI injected with fungal 
amyloglucosidase) died before any valid 
conclusions could be drawn (Tyrrell er 
al. Brit. Med. J. 2, 88: 1976). A major 
difficulty in the follow-up of LSD 
patients is our inability to measure pro- 
gress in serial biopsies as there are 
gross differences in the substrate con- 
tent and morphology of various parts 
of the tissue. i 


Scandinavia 


lems of storage facilities which may be 
used for periods of more than 10° years. 
The possibilities of leaching. tempera- 
ture effects and washing which could be 
significant have been examined but the 
results indicate that the radiation and 
physical stability of glass waste is of no 
concern, Presentations on transport of 
radioactive isotopes through different 
types of terrain also provided re- 
assurance. This type of work is im- 
portant for the safe exploitation of 
nuclear power, especially since the time 
scale of possible hazards is outside pre- 
vious human experience and could in- 
volve larger quantities of dangerous 
material than is generally appreciated, 
although so far the radiation experts’ 
findings are encouraging. 

Opposing views are even more firmly 
established concerning possible indus- 
trial applications of ionising radiation 
to chemical synthesis and modification 
of physical properties, especially those 
of polymers. J. Silverman (University 
of Maryland), a well-known exponent 
of radiation technology. spoke with en- 
thusiasm and probably surprised the 
delegates with economic statistics 
showing possible annual turnover 
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“SUDDENLY, pear blossom on KEN 
tree/As though the wind of Spring | 
came upon us last night.’’. With these 
words so welcome to a people that has 
just passed a long'and’ dreary Winter 
in science (see Nature,-.274, 834; 
1978), a' new Chinese journal, “Ziran 
Zazhi, greets the world. 

Ziran Zazhi means simply ‘Nature 

“ Magazine”. It is a:monthly of about 
60 pages and its first issue came out 
in May. Its aims are: to get' better 
acquainted with Nature, to: remould 
` Nature ‘and to exact greater freedom 
from Nature. Its editorial policy is to 

- “let scientific truth develop and grow 
through’ contention’: ‘It covers both 
physical: and: biological sciences and 
is very: much like this ‘Journal in 
having -as its main content ‘Articles, 

`~ Research Letters. and. Nature In- 
formation: In addition, it has .two 

‘ more popular sections, Explorations 
in Nature and’Riddles in Nature.’ > 

.The Research Letters at >the 
moment account for only 10% of the 
pages; but they are given pride of the 
place. Compared with the Letters of 
this Journal, they are somewhat 
shorter, just as technical, and cover 

‘as wide a spectrum; except perhaps 
‘for a slight ‘bias toward ‘particle 
physics and systems analysis in the 
issues so far published Arguably the 
most original Letter so far is a report 
of some experimental results on the 
physical basis of the traditional yunqi 
‘therapy—the - curing of: disorders 
through the passing of qi (pneuma) 
from doctor. to patient without bodily 
contact. Though not as well-known 

' as acupuncture, this form of therapy 
has its believers and followers among 


” ' 
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reaching billions of dollars in the USA 
alone Two hundred, electron accel- 
erators and 60 industrial "Co units are 
already in use throughout the world. It 
is clear that academic workers in the 
radiation science area are ill informed 
on the industrial possibilities; for ex- 
ample, well publicised applications ‘to 
the synthesis of detergents ‘seem to 
have failed whereas the radiation- 
induced crosslinking of rubber for tyres 
has apparently been very successfully 
applied by, the ‘Goodyear Company in 
the USA. Discussion revealed, caution 
and open scepticism. from many del- 
egates about..the current state of such 
technology.. although specific and re- 
stricted areas of application, sterilis- 
ation for ¢xample. are, undoubtedly 
extremely useful Industrial. application 
depends crucially on detailed investiga- 
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Nature: Chinese l 
style 


| from T. iba sy 


the Chinese pope It ve something 
like this: the doctor .Joes a sort.of 
breathing exercise; -a few minutes 
later, he has a feeling of congestion 
(stage 1) which may last a couple of 
minutes; . he. then has a feeling of 
release (stage 2) lasting another 
couple of .minutes. The traditional 
. ‘theory’ is that, during stage 2, the 


_ doctor’s gi is emitted through certain 


specific points called xuwei and 
enters the, patient’s body through 
some other specific xuwei, effecting 


_the desired cure. What the expert 


menters found was that, during stage 
2 but not during stage 1. the far in- 
frared radiation at, 1.2 cm from the 
active xuwel of the doctor showed a 
slow (down to 0.05 Hz) modulation of 
large -amplitudes (up to 80%). They 
also found abnormalities in body 
electricity near the xuwei, during. both 
stages. Furthermore, from chemical 


. analysis of tissues from a number of 


corpses, they-found that the tissues 
at the xuwei points had a marked 
excess of nickel. , These findings have 
all the hallmarks of pioneer work and 
their preliminary character makes the 
Research Letter their perfect vehicle. 

The Articles form the mainstay of 
ZZ. Each covers in depth a. certain 
the 
red tide and laser chemistry have been 
‘covered amongst others — and is 
written by an acknowledged expert in 
the field. In regard:to the degree of 
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tions. and these were ‘exemplified by 
papers on polyethene/SiO, composites, 
polystyrene sterilisation, and electrical 
insulation J Rabani’s (Hebrew Uni 
versity. Jerysalem) interesting paper on 
solar energy exploitation was. more of 
hope , and problem definition than 
achievement Photoelectron transfer 
effects which are probable mechanisms 
for achieving the formation of H: and 


.O, from solar irradiation of water are 


likely, to be enhanced by polyelectro- 
lytes, ion exchangers and micelles. The 
use Of polyelectrolytes seems to offer 
many significant advantages since’ they 
inhibit back electron transfer reactions 
and help fulfil’ the requirements. ‘of 


‘energy storage. 


The interest in cellular and sub- 
cellular radiobiology is largely centred 
on the effects of „radiation on DNA, 
and the effect of oxygen was the main 
theme of the presentation. The difficul- 
ties‘of experimentation in this clinically 
important field were highlighted by the 
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technicality, the Articles of ZZ re- 
semble more their counterparts in 
Endeavour than those in this Journal. 
-Nature Information consists of 
extracts of articles from other cur- 
rent scientific periodicals, notably, 
New Scientist, Science News, Sclence 
and Physics Today. Here, as with 
Articles’ and Research Letters, as- 
tronomy and astrophysics have their 
due share, but these are even more 
prominent in the Explorations in 
Nature section. In one form or an- 
other, readers have been informed of 
recent findings made in China and 
abroad on the origin of the Solar 
System, black holes, gamma-ray 
bursts, neutron stars, rings of Uranus 
and quasi-stellar objects that are at 
the same time double radio sources. 
For many of the Chinese investiga- 
tions, the full-length papers are now 
available in English in the translation 
journal Chinese Astronomy. 

: The Riddles in Nature which have 


‘appeared so far have dealt with the 


life-span of single cells, magnetic 
monopoles and the uw-particles I, as a 
professional astronomer, found the 
first most intriguing—-which the 
editors of the multidisciplinary Ziran 
Zazhi may feel gratified to know. 
The appearance of Ziran Zarhi is 
a heartening event. Just how hearten- 
ing can perhaps be appreciated only 
by the Chinese scientific community. 
It is one of the signs that the country 
has begun her ‘New Long March’ to- 
wards modernisation through science 


and technology. 


T. Kiang is at the Dunsink Observatory, 


? 


Castleknock, Eire. 


paper of B. M Cullen and J. W. Boag 
(Hammersmith Hospital & Institute of 
Cancer Research, Sutton, UK) which 
showed how errors of technique can 
provide misleading results Photo- 
electrons formed in higher yields when 


. argon was used instead of nitrogen as 


. deoxygenating atmosphere caused re- 


ductions in cell survival. 
The still incomplete knowledge on 


,Teactions Of the biochemically sig- 


. nificant O.-/HO, system was also ex- 
,amined The paper by G. Czapski 
‘(Hebrew University, Jerusalem) showed 


the increasing involvement of physical 


‚chemists in, problems of radiation br 


ology The interdisciplinary approach $s 
proving seminal, the previously ac- 


cepted so-called Haber-Weiss reaction 
‘is discounted but an alternative ex- 


planation remains to be found. 
No enzyme has attracted the radia- 


‘tion scientist more than superoxide 
‘dismutase. The reasons are its selec- 


tivity towards the O,-/HO, system and 
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its convenient properties for study by 
pulse radiolysis. E Lengfelder (Strah- 
len-biologisches Institut der Uni- 
versitit, Munich) showed how several 
synthetic metal-containing complexes 
also display marked superoxide dis- 
mutase activity. l 

As appropriate for a meeting in 
Scandinavia significant ‘state of the 
art’ papers on DNA by Graslund and 
G. Ahnstrdm (Wallenberg Laboratory, 
Stockholm) and positronium (O. Mo- 
gensen, Riso Laboratory, Denmark) 
were presented. The effect of radiation 
on DNA: has been and remains the 
most important aspect of radiobiology 
and it is essential that effects of in- 
dividual free radical reactions, strand 
breakage, chemical modification and 
biological effects are examined and 
correlated Anhstrom emphasised that 
effects on repair processes could be 
crucial to radiosensitivity Radiation 
damage to DNA prevents enzymic 
cleavage of oligonucleotides. and sug- 
gests a new method for studying 
radiation effects in DNA (D Schulte- 
Frohlinde and C von Sonntag, Max- 
Planck-Institute, Mulheim). 

The successful application of re- 
sonance Raman spectroscopy to pulse 
radiolysis was a notable achievement of 
the Riso group (R Wilbrandt, N H. 
Jensen and P. Pagsberg) and details of 
the structure of (SCN), have been 
determined by its use The powerful 
technique of pulse radiolysis is con- 
siderably improved by transient de- 
tection methods which allow better 


structural identification. C 
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A hundred years ago 

In a lately-issued number of the Pro- 
ceedings of the American Philosophical 
Society, Prof Cope has given an 
account of the collection of fishes made 
by Prof Orton at various points on 
the head-waters of the Amazon. Species 
of the genera Belone and Tetrodon— 
characteristically marine forms-—-are 
here recorded as having been obtained 
in these districts 2,500 miles from the 
mouth of the river—-thus showing how 
far marine animals will penetrate Into, 
and become ultimately acclimatised in, 
fresh waters. i i 

THE existence of the true heath plant 
in North America was for a long time 
considered very doubtful, and its detec- 
tion in New England some years ago 1s 
a matter of much interest. The pub- 
lished localities hitherto are Newfound- 
land, Nova Scotia, and Massachusetts, 
but, according to the Bulletin of the 
Torrey Botanical Club, Dr Hexamer, 
of Newcastle, has lately found a few 
plants of it near Egg Harbour, New 
Jersey. 
From Nature 18, 24 October, 682; 1878. 
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Producing more food 
from W. S. Wilson >. ot 

THE inexorable increase in the world’s 
population without a commensurate 
increase in food supplies has prompted 
a re-examination of production 
methods, post-harvest care of produce 
and even the types of food consumed 
These considerations were well to the 
fore at the XXth International Horti- 
cultural Congress*. The wide range of 
scientific disciplines involved focused 
on fruit, vegetables, ornamental and 
amenity plants and post-harvest horti- 
culture The last was a new feature of 
these 4-yearly gatherings and reflects 
the growing concern for quality pro- 
duce in developed countries and the 
need to overcome scarcity in many 
developing countries, including India 
where per capita consumption of veg- 
etables is only one-third of that 
recommended by dieticians. 

Nowadays vegetables and fruits are 
survival foods in some countries and 
health-giving foods in all others. Veg- 
etables provide more carbohydrate. 
vitamins and minerals per unit area of 
land than other type of crop. Some, 
such as the soya bean, are an in- 
expensive, source of protein A spec- 
tacular way of intensifying vegetable 
and fruit production in some countries 
was given by E C. Quisumbing (Uni- 
versity of the Philippines) when he 
described the growth of coconuts under 
which were growing bananas, under 
which were grown pineapples beneath 
which were grown sweet potatoes, all 
on the same piece of land at the same 
time. This arrangment resulted in 
quadrupling the potential yield of the 
land and increasing the income of the 
small farmers. | l 

Apart from management aids to in- 
creasing production and improvement 
of produce quality, advances in funda- 
mental knowledge and technological 
applications which ‘make handling and 
mechanical harvesting easier, were re- 
ported. In the temperate fruit section, 
the emphasis was on the adjustment of 
tree density by breeding or hormonal 
treatment to render the fruit easier to 
harvest mechanically. This trend is par- 
ticularly advanced in Australia and 
New Zealand, countries with small 
labour forces. Plant breeders have in- 
troduced dwarfing characteristics en- 
abling more trees to be grown more 
productively per hectare. Another 
method for increasing’ yield of apple 
cultivars, described by A. I. Campbell 
(Long Ashton Research Station, Bristol) 
was the exposure of dormant scions to 
gamma irradiation under water to form 
stable mutants. Physiologists have been 
able to control growth characteristics 


by the International Society for Horticultural 
Science, ys: i 
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by hormonal regulation Thus ethylene 
can-be used to increase flowering. offset 
biennial bearing, prevent pre-harvest 
fruit, drop and advance or delay fruit 
maturity. 

The most important advances in veg- 
etables have also been related to sys- 
tems methods of production. W. L. 
Sims (University of California, Davis) 
outlined a sophisticated system for 
tomato production involving an in- 
tegrated breeding programme. uni- 
formly flat seedbeds, simultaneous 
ripening and a single harvest operation 
This system is appropriate to California 
but other systems applicable to other 
regions can be devised For less am- 
bitious objectives crop increases can be 
achieved by deeper loosening of non- 
compacted soil or by hormonal treat- 
ment of crops to achieve greater lateral 
proliferation of roots to explore com- 
pacted soil. Allied with these measures 
is a rapid method: of forecasting fer- 
tiliser requirement such as that de- 
scribed by D J Greenwood (National 
Vegetable Research Station, Welles 
bourne, Warwick). This involves assess- 
ing inorganic nutrient ions in plant sap 
with test strips and in the soul filtrate 
with reagents prepared in tablet form. 
A notable achievement in vegetable 
breeding is the production of high pro- 
tein potatoes (over 10%, protein) for 
use as animal feed in Australia. 

The main concern of the section on 
ornamental plants was to devise the 
best way of educating the community 
to appreciate plants, gardens and land- 
scape. For over 300 years botanic 
gardens have been preoccupied with 
taxonomy and amenity horticulture In 
the future, these institutions and horti 
cultural societies should be more con- 
cerned to inject greater diversity into 
horticulture by, for example, introduc- 
ing plants from the southern hemi 
sphere . into northern countries 

In the post-harvest section a paper 
by M. A. Perring (East Malling Re- 
search Station) on mineral and physio- 
logical disorder in apples explained 
how the physical and chemical com- 
position of apples is influenced by soil 
type and management, environment 
and nutrition. In this connection, bitter 
pit in apples caused by calcium de- 
ficiency can be alleviated by dipping 
the fruits in a calcium chloride solu- 
tion. Preservation of condition in 
easily-perishable vegetables can be 
achieved by covering the crop with low 
cost polyurethane foam in cool stores. 

Australia provided an excellent 
venue for the Congress, offering a wide 
range of wild flora alongside a diverse 
horticulture in which science and tech- 
nology are complementary O 
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The biochemistry of complement 


R. R. Porter & K. B. M. Reid 


MRC Immunochemistry Unit, Department of Biochemistry, Oxford University, South Parks Road, Oxford, UK 


Current biochemical studies of the complement system are illustrated by description of he. activation of 
complement by the classical pathway after interaction with antibody aggregates. ` 
terms of the structures of the components involved, their assembly and the mechanism of activation. 


mevani 


IN the blood of vertebrates several activation systems have been. 


recognised which are essential for the survival of the animal. 
These include blood clotting, clot lysis, the renin—angiotensin 
and kinin systems and complement; all are dependent, at least in 
part, on the sequential activation of a series of proteolytic 
zymogens'. 

Complement is the most complex of these systems and it is of 
interest for several reasons. First, as recognised 80 yr ago’, the 
complement system is responsible for the destruction and elim- 
ination of foreign material from the body, notably bacteria and 
viruses. This usually occurs after the interaction of antibodies 
with the foreign organisms or substances, and complement is 
thus the effector mechanism in the immune defence against 
infection. Complement may also be activated by complex poly- 
saccharides’ such as yeast or bacterial cell walls before reaction 
with antibody and hence it can form an immediate defence 
against infection before the development of immunity*. Second, 
receptors for activated complement proteins, such as the third 
component C3 are present on lymphocytes, macrophages and 
some other cells*”’, and there is evidence, as yet incomplete, that 
the lymphocyte C3 receptors may play an important part in the 
interaction of the different classes of lymphocytes or their 
precursor cells*. The interaction of lymphocytes such as the B 
and T cells is necessary for the occurrence of the immune 
response and it is possible that complement may play a central 
part in the immune response as well as being the major effector 
mechanism. Third, it has been found that several complement 
proteins are coded for by structural genes which map into the 
major histocompatibility locus in man and in mice”. The bio- 
logical significance of these findings is uncertain, but it has been 
suggested?’ that it may imply that some complement proteins 
have a role as surface proteins, as all the other proteins coded for 
by this gene complex apparently do. 

Not surprisingly, therefore, interest in the complement system 
has increased greatly, and the progress in isolating and charac- 
terising the various components has led to attempts to determine 
their structure and the biochemical mechanisms of the activation 
system. It is highly complex and includes about 20 serum 
proteins, most of which are part of the activation sequence, but 
control proteins are also included; these inhibit different steps or 
inactivate some of the components. The biological importance 
of the system has been emphasised by the finding that it is 
probably present in invertebrates and has been conserved 
throughout evolution’! to such an extent that some components 
are interchangeable between species as distant as frog and 
guinea pig'*. The complexity of the system may be due to the 
multiple role of some components as suggested above, but also, 
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This is described in 








as with the other activation systems of the blood, it is important 


that they are activated rapidly when needed but never activated 
accidentally. A cascade system with each step able to beo- 


inhibited offers a system of rapid activation coupled to aseries of 
fail-safe controls. 

There are several features of complement which are most 
unusual. For example, Clq, the component which interacts with 
aggregated antibody, has an unique structure which is half 
globular and half collagen-like’*. Also, several of the proteases 
involved in the complement system are formed only after 
activation of the protein possessing the catalytic site and associ 


iation of this protein with one or more other proteins which 
BEEJ 






determine the specificity of the activated enzymatic site 
attempt will be made to review the whole complement system, 
but only a few of the more uncommon features will be described, 
of the structure and activation of the early components of 
complement after interaction with aggregated antibody. 





Activation of the comple! 


Activation of the complement system can take place by two 
distinct pathways, the classical and the alternative pathways: 

here we shall concentrate on the classical pathway. Both path- 

ways have the same terminal components, C5 to C9, which are 
directly responsible for membrane damage. The difference 
between them hres in their early-acting components and thus 
the manner by which they are activated by immune complexes.or 
other factors. The sequence of events in the activation of the 
early components of the classical pathway is shown in Fig. 1. 

When C1 is bound to antibody aggregates it becomes an active 
protease, C1, and catalyses the activation of C4 and C2 which 
together form another protease C42 (ref. 14). This enzyme is 
also known as C3 convertase because it activates C3, some of 





Fig. 1 Activation of the classical pathway by antibody-antigen 
| {Ab-Ag) aggregates. 


Ab -~Ag aggregates 
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a a i E N E 
Tabie 1 Early acting components of the classical pathway 
a ar oh es Sh 


Molecular weights of 
Enzymatic ste Approximate serum 
Major unactivated form Activated form present ın concentration 
Component Intact molecule Chains* Intact molecule. Chains* activated form (mg!7*) 
Cig 410,000T 6A 24,000 Unchanged _ 150 
18 6B 23,000 
6C 22,000 

Cir 83,0004 i 83,000 56,000 + 50 
27,000 

Cle 83,000 1 83,000 56,000 + 50 
27,000 
C2 110,000 1 110,000 70,000 

30,000 + 15 

C3 180,000 2 @ 105,000 170,000 a’ 95,000 = 1,200 
B 75,000 B 75,000 

C4 206,000 a 93,000 200,000 a’ 87,000 = 400 
3 B 78,000 8. 78,000 
w 33,000 l y 33,000 

C5 180,000 2 a 105,000 170,000 a’ 95,000 = 80 
B 75,000 B 75,000 





* Chains obtained after reduction and alkylabon of disulphide bonds. 


' | Clq-is composed of nine subunits, each subunit conmsting of two drsulphide-hnked chains (see text and ref. 13). 
+ Cir is present as a dimer of two identical, noncovalently linked chains in serum. 


which associates with C3 convertase to form C423; which in turn 
activates C5. Some properties of components Ci to C5 are 
shown in Table 1. In the alternative pathway of activation, which 
can be started when polysaccharides are added to serum without 
` interaction with antibody, other components lead to the forma- 
tion of a different form of both the C3 and C5 convertase 
enzymes’®. The cleavage of C5 is considered to be the last 
enzymatic step in the activation of complement by either path- 
way. The final event is the formation of the C5b6789 complex, 
apparently by self assembly’’ in the process of which pi i = 
complex becomes inserted into cell membranes**’® 
et membrane lesions seen in electron a aes 


Structure and properties of the first 


component of complement 


C1 occurs in serum as a weak essociation of ‘Clq with a tetra- 
meric complex of Cir,-Ca**-Cis, which is formed in the 


presence of Ca** (refs 22, 23). Interaction of C1 with aggregated 
antibody is through Clq (ref. 24) which binds in no abeae of 
Cir;-Ca**—C1s, to the second constant domain (N terminal half 
of the Fc) of IgG (refs 25-30). The Cir,-Cls, complex binds to 
Clq on the antibody through Cir, as Clr alone, but not Cls, 
interacts with antibody bound Clq (refs 31, 32). 

Cig is a 400,000 molecular weight protein? 33 formed from 
18 peptide chains 6A, 6B and 6C, each of about 200 amino acids 
and containing 12, 8 and 4% CHO respectively**. Amino acid 
sequence -analysis showed that these three types of chain are 
very similar and each has about 80 residues of typical collagen- 
like sequences starting close to the N terminal end***’. The N 
terminal sequence of the B chain (Fig. 2) between residues 6 and 
89 has the repeating triplet Gly-X-Y, where the residue in the Y 
position is often hydroxyproline or hydroxylysine. The A and C 
chains have similar collagen-like sequences between residues 9 
and 89 and 3 and 89, respectively. (Numbering of residues is 
based on B. chain sequence, Fig. 2.) The repeating triplet 
sequences in each chain are, however, not quite continuous. In 
chain B, alanine not glycine occurs at position 9; in chain A 


Fig. 2 N-terminal ammo sad sequence of the chain of human Clq. The sequences are given m the mngle letter code: A,Ala; C,Cys; D,Asp; 
E,Giu; F,Phe; G,Gly; H,Hus; I,[e;'K,Lys; L,Leu; M,Met; N,Asn; P,Pro; Q,Gin; R,Arg; $,Ser; T,Thr; V, Val. The numbermg is based on the 
B-chain sequence. A gap has been made between postions 38 and 39 in the B and C chain sequences to allow for the ‘extra’ threonine in the 


A-chain sequence’ A triplet gap has been made between residues 42-44 in the A and C chain 


as this seems to give the optimum 


alignment for maximum homology. The sequences shown are from refs 36 and 37 except for residues C41 to C97 which are unpublished data 
(K.B.MLR.). Each ih asa 200 residues long. * Denotes a hydroxylated residue. 


ee a a a i ee ee ee ea el ene. ee 
+ * bs + # + # > + * s * 
A-chain EDLCRAPDGKKEGEAGRPGRRGRPGLKGEQGEPGAPGIRTGIQ-~---GLEGDQGEPGPSGHPG 
+ + + w # * + * * w 


B-chain EL&SCTGPPATPGYIPGIPGTPGPDGQPGTPGIKGEKGLP-GLAGDHGERFGEKGDPGIPGDPQG 


* * & * * 


* e # * = * 


Cechain NTGCYGIPGMPGLPFGAPGEDGYDGLPGPPGEPGIPAIE+GIR---GPPGQKEGEPGLPGHEG 





61 TO 80 


A-chain KVGYPGPSGPLGARGIKGIKGTPGSPGNIKDQPRPAF 


* = * * 2 = 


B-chain KVYVGPKGPKMGPKGPPGAPGAPGOPKGBSGDYKATQKRIAF 


+ t + t 


C-chain KDGPNGPPGWPGVPGPMWGIPGEKEPGERBGRYRQKFQSVF 
eee En Ch te ttt 
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-threonine is inserted in between positions 38 and 39 and alanine 
“replaces glycine at position 36 in the C chain. However, with the 
~ exception of these small changes at the beginning and in the 
| middle, there is a continuous sequence in all three chains of 
which the similarity to collagen is increased by the presence of 
glucosylgalactosyl disaccharide substitutions on the hydr- 
oxylysine residues’*"*. The sequences of the remaining 110 
noncollagenous residues in each chain, which are known, are 
very similar and each has one intrachain disulphide bond. 
Collagen fibrils are formed from three peptide chains each ina 
minor helix, which associates noncovalently to form a major 
helix with well characterised dimensions”. This makes it pos- 
sible that the 18 chains of Clq are associated through their 
collagen-like sections to give a hexameric structure of six fibrils 
with six globular heads formed from the C-terminal halves of 
each chain. Such an arrangement would be consistent with the 
remarkable structure of Clq as seen in electron microscopy, 
showing each molecule to resemble a bunch of six tulips with the 
lower half of the stems held together and branching in the upper 
half to give six separate stems each of which is joined to a 
globular head. 

Clq, when reduced and electrophoresed on polyacrylamide 
gels containing sodium dodecyl! sulphate, shows the three 
expected polypeptide chains A, B and C in equal amounts 
which, though of similar size (23,000 MW), separate probably 
because of their differing carbohydrate content**. However, if 
electrophoresed before reduction, two subunits can be seen 
which again, though of similar molecular weight (46,000- 
48,000), separate clearly on the acrylamide gels. The apparently 
_ Jarger subunit contains the A and B chains and the apparently 
smaller subunit only the C chain'***. That is, they correspond to 
- an A-B dimer and a C-C dimer and yields show that there must 
be six AB and three CC dimers'*. The association of these nine 
subunits to yield the hexameric structure seen in the electron- 
microscopy studies may be achieved in the way described in Fig. 
3. A triple helix could be formed between the collagen region of 
one of a pair of C chains and the collagen regions of an AB 
dimer; in this manner three pairs of triple helices would be 
formed. Then the association of these three pairs, again non- 
covalently, would give the complete hexameric structure, each 
of the globular heads being composed of the C-terminal 110 
amino acids of an A, a B and a C chain (Fig. 3)'*. The breaks in 
the Gly-X-Ysequence mentioned above and occurring at posi- 
tions 39 and 36 in the A and C chains, respectively, could 
account for the bend in the collagen-like fibrils seen midway 
along the stems of the molecule, as a true triple helix cannot be 
formed in this area of the molecule because of the prerequisite 
for glycine as every third residue”. Measurement of the dimen- 
sions of the molecule on the electron microscope picture and 
calculation from the known lengths of the Gly-X-Y triplet 
_ sequence in collagen agree well’. It seems likely, therefore, that 
the postulated structure is correct. 

Cir and Cis are very similar proteins, each a single poly- 
peptide chain of about 83,000 molecular weight differing only in 
that Cir dimerises whereas Cls remains as a monomer in 
solution irrespective of the presence of Ca** (refs 43-45). 
Together they form a tetrameric complex in the presence of 
Ca**, as in serum. On activation, they are both hydrolysed to 
give two disulphide-linked peptide chains of 56,000 and 27,000 
molecular weight, but they remain in a tetrameric complex. Cir 
and Cis are very similar in amino acid content and also in 
sequence as far as this is known, and it is considered likely that 
one arose from the other by gene duplication. Both activated 
subcomponents are typical serum esterase proteases inhibited 
by diisopropyl! fluorophosphate**~** and both have a charac- 
teristic N-terminal sequence present in the 27,000 molecular 
weight chain (which is the chain containing the catalytic site), 
showing obvious homology with other serine esterase pro- 
teins*®. Cir and Cis differ markedly in enzyme specificity, 
however, and Cis is the only known substrate for Clr. Cls, but 
not Cir, will activate C2 and C4, and Cis will also hydrolyse 
several peptide substrates, showing a plasmin-like specificity“. 
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Structure of human Cig 
6A + GH + 6C chasis 
ieach ~ 23.000 MW) 
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Fig.3 Proposed peptide chain structure ef Cig. The dimensions 

given are averages of those of Shelton et al*' as estimated from 

electron microscopy studies. ~, Proposed triple helix sections, that 

is, collagen-like regions of molecule. The following comparison can 

be made. Length of collagen-like fibre +fibril-like endpiece = 

115+ 112 =227 A. Length of triple helix proposed from sequence 
studies = 80 x 2.9 = 232 k 


Structure and properties of components 
C2 to CS oe 


C4, a major complement component (400 mg per | serum) has 
three disulphide-linked peptide chains of about 90,000, 75,000 
and 30,000 (refs 49, 50), although recent evidence suggests that 
it may be synthesised as a single peptide chain of 200,000 
molecular weight*'. Some of this precursor molecule, which is 
very similar to C4 as judged by antigenic specificity, but which 
has no haemolytic activity, also seems to be present in serum”’. 
The Ss protein identified first as a polymorphic protein in mouse 
serum which is coded for by a gene in the major histocom- 
patibility complex**, has now been identified as C4 (refs 54-57). 
Human C4 has also been shown to be coded for by a gene which 
maps into this complex on chromosome 6 (ref. 58). 

C2 has been one of the most difficult components to isolate, as 
it is present at only 15-20 mg per | of serum and is exceptionally 
vulnerable to proteolysis during isolation. Isolation has now 
been achieved*”™, and in confirmation of earlier work’ it was 
found that C2 is a single-chain protein of about 100,000 mole- 
cular weight which is split on activation to two chains, not 
disulphide-linked, of 70,000 and 30,000. The activated protein 
may be a protease, possibly of a serine esterase type, though not 
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readily inactivated by diisopropyl fluorophosphate and, surpris- 
ingly, with the catalytic site in the larger chain®. Proteolytic 
activity is only apparent when C2 forms a complex with C4 and 
then its specificity seems to be restricted to hydrolysis of C3; 
hence the term C3 convertase’*. C2 is also polymorphic and is 
coded by a as mapping into major histocompatibility complex 
in humans 

C3 (refs 65-67) and C5 (ref. 68) are proteins of about 180,000 
molecular weight, each containing two chains of about 105,000 
and 75,000 molecular weight. Such structural evidence as is 
available™ suggests that C3 and C5 are so similar that, as with 
Cir and Cls, they probably arose by gene duplication. On 
activation, both lose a peptide (C3a and CSa) of about 10,000 
molecular weight from the longer peptide chain. In each case the 
small peptide has anaphylactic activity”’”’. Only CSa has 
chemotactic activity” . C3, however, is present in much higher 
concentrations in serum, 1-1.521°’, and is equivalent in 
concentration to the sum of all the other complement proteins. It 
seems that C3, as C4, may be synthesised as a single chain 


precursor molecule” 


Assembly of the eer by addition of 
antibody-antigen aggregates to serum 


The mode of assembly of these serum proteins on aggregated 
antibody and the mechanism of their subsequent actrvation are 
far from clear, but several features are beginning to be under- 
stood. The antigen seems to have no specific role and whole 
complement is activated equally well either when antibody is 
precipitated by addition of a soluble antigen such as ovalbumin, 
or when antibody-coated red cells are added to serum”*. Quan- 
titatively, complement consumption per 1,000 molecules of 
antibody added 1s 1.5-2 times higher for antibody-coated cells 
than for antibody aggregates. However, this difference is small 
and may simply be because antibody molecules spread on a cell 
surface are more accessible than those in aggregates. 

The binding of the first component to the antibody ıs very 
efficient (>95% in antibody excess) and activation is 

lete”. C4 is rapidly activated by Ci but only a small 
fraction (<10%)’*”* is bound to aggregates or antibody-coated 
cells, the rest becoming inactivated in the serum (Fig. 4). Binding 
of C4 to antibody-coated cells is 10-15 times more efficient than 
to antibody aggregates, but the number of C4 molecules which 
become effective as judged by their capacity to form C3 con- 
vertase when C2 is in excess is only about twice as great”, which 
is comparable to the difference in C1 binding. This suggests that 
most of the C4 binds to the cell surface rather than to the 
antibodies, and little of this is able to form C42 and continue the 
complement sequence. However, although it has been shown™ 
that C4 can bind to red cells in the absence of antibody, it can 
also apparently cause lysis on the addition of C2 and Cis 
followed by the later components of complement. The C4 on the 
cell surface can therefore take part in the activation sequence, 
presumably by binding C2 and forming C3 convertase. In this 
experiment, C2 would be formed in solution close to the cell- 
bound C4. When the antibody is on the cell surface the Ci 
complex containing CIs would be bound to the Fc part of the 
antibody and hence the C2 activated at a distance from the 
cell-bound C4. C2 is rapidly inactivated in serum and in these 
conditions is likely to be able to interact only with C4 molecules 
bound ‘on the antibody molecule carrying the C1, or with 
immediately neighbouring C4 molecules. This could also 
explain why C4 bound to antibody aggregates is so much more 
effective than C4 bound to antibody-coated cells. 

The activation of C2 is algo very inefficient, but quantitative 
data on the number of activated molecules able to bind and form 
C42 complexes have not been obtained. A speculative scheme 
of the assembly of the early components is shown in Fig. 4 and 
illustrates the binding of C1q to the C2 domain of the antibody. 
The Cir,-Ca**-Cls, complex binds to the collagen tails of Clq 
and becomes activated”. C4 and C2 in'solution are activated by 
CT and some of the C4 molecules bind either to antibody 


Nature Vol. 275 26 October 1978 


BR) W IS TA @ N G 


(FAN 
C2 oe) 32) —+ @:) @) 


Flg.4 Suggested assembly of the early components of the classi- 
cal pathway of complement on antibody bound to a cell surface. 
The heads of the Clq molecule bind to the Cu2 domain of the 


antibody and the Cir,-Ca**-Cis to the collagenous tails 
of Cig through Clr. The activated Cis formed splits C4 and C2. 
Most C4 and CŽ is inactivated in the serum but some C4 binds 
either to the Fab part of the antibody or to the cell surface. C2 binds 
to adjacent. C4 molecules and forms C3 convertase, but is 
inactivated before reaching more distant C4 molecules which are 


ineffective m the haemolytic sequence. 


molecules or to the cell surface. C2 molecules which are 
inactivated rapidly form a C42 complex only with C4 close to the 
bound Ci complex. The evidence that C4 binds to the Fab 
portion of the antibody is qualitative’® or indirect’* and hence is 
only tentative. 

The C3 is split by the CJZ, and some associates to give C423 
which changes its specificity from C3 activation to CS activa- 
tion”; this is the last proteolytic step in the activaton of 
complement. The activated CS interacts with C6, C7, C8 and C9 
to give the complex responsible for cell lysis and there is 
evidence that this can bind and lyse cells other than those coated 
with antibody and responsible for the early activation steps*”*'. 


Mechanism of activation of the first 
component of complement 


Of the ‘biochemistry of the activation sequence certain 
mechanisms are clear. For example, in C1 bound or in solution, 
it is CIs which splits-C4 and C2. Clq has no known catalytic 
activity and no covalent bonds are broken or formed when it 
interacts with aggregated antibody. Cir will not hydrolyse C4 or 
C2 in solution nor when bound to antibody aggregates as part of 
the CI complex. 

Similarly, C1s is not autoactivated when bound or in solution, 
but it is activated by Cir. It is not clear how Cir is activated”. 
Although it is difficult to prepare Clr which is entirely stable at 
37 °C and neutral pH, repeated addition of proteolytic inhibitors 
such as diisopropyl fluorophosphate (iPr,P-F) makes possible 
the isolation of preparations which are stable over several hours 
in these conditions. Activation of Cir when bound as Ci onto 


Fig. 5 When the tetrameric complex C1ry-Ca**—Cis, interacts 
with Clq bound to aggregated antibody, the conformation of Cir 18 
changed, exposing a proteolytic site (C1r*). It 1s this site in the 
unsplit peptide chain which catalyses the hydrolysis of a peptide 
bond and the conversion of Cir® to Clr. Cir activates Cis to Cis. 
The active site of Cir® is distinguished from that of Cir in that it 
reacts reversibly not irreversibly with nitrophenyl guanidine 
benzoate (NPGB) and it is not inhibited by disopropyl phosphate 
fluoridate (DFP). 


Activation of C1 by bincing to antibody -antigen aggregates 


A 
Ciq, Ciry ~ Ca”*- Cis, Pare ~Ca**- Cis. 


g Inhubited reversibly by NPGB 
Ciq, CTrg -Ca**~ Cis 
intubited irreversibty by DFP 


Ciq, CTrz - Catt- CTS2 
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antibody aggregates occurs in 5—10 min, so satisfactory controls 
can be obtained’’. It is then found that although Clq and Clr 
will bind firmly to antibody aggregates in the presence of Ca’, 
no activation occurs. Cls in the complex 1s essential for Clr 
activation but CĪs or Cis inactivated with iPr,P-F (iPr,P—Cis) 
can replace Cls. As iPr,P—Cls is effective in facilitating the 
activation of Cir, Cis can have no proteolytic role in the 
activation. Presumably, therefore the binding of the Cir,-Ca‘**~ 
Cis, complex 1s necessary because it determines the con- 
formation of Clr. In the presence of 10 mM 1Pr,P-F, Clr is still 
activated but Cis 1s not. As both Cir and Cis are inactivated 
readily by iPr,P-F this agrees with the evidence that Cir 
activates Cls but suggests that Cir will not activate Cir in the 
complex, as is found in solution’’. 

Activation of Cir and Cis in the complex is inhibited if 1 mM 
nitropheny]-guanidino-benzoate is present, but the inhibition is 
reversed on removal of this compound. Nitrophenyl-guanidino- 
benzoate will inhibit Clr and C1s irreversibly and hence again it 
is unlikely that Clr activates Cir (ref. 31). However, the kinetics 
of Clr activation show a sigmoidal curve suggesting autocataly- 
sis. The most likely explanation of these results (Fig. 5) is that the 
binding of Cir,-Ca**—C1s to the Clq on the antibody causes the 
Cir to take up a conformation which exposes a catalytic site in 
the unsplit Clr molecule*’. This catalyses hydrolysis of Cir to 
Cir which in turn activates Cis. 


Activation of components C4, C2, C3 and C5 


Cis then hydrolyses C4 with loss of a 6,000 molecular weight 
peptide chain from the a chain and also splits the C2 peptide 
chain into 70,000 (C2a) and 30,000 (C2b) molecular weight 
chains™. The activated C4 binds either to the Fab portion of the 
antibody or to the cell surface and interacts with such activated 
C2 molecules as reach it before they are inactivated. Inactiva- 
tion of C2 seems to be continuous in terms both of loss of ability 
to form C42 and in loss of C3 convertase activity after forma- 
tion. When C2 interacts with C4 covalently attached to 
Sepharose and is then treated with C1s, the 70,000 molecular 
weight fraction, C2a, dissociates leaving C2b still bound. It has 
been suggested that the interaction with C4 is through the C2b 
part of the molecule and loss (50% in 10 min) of C3 convertase 
activity may be due to the dissociation of the C2a which prob- 
ably contains the catalytic site, from the complex”. Charac- 
terisation of the catalytic site and explanation as to how inter- 
action with C4 determines its specificity will be necessary for an 
understanding of the mechanism of these reactions. 

The subsequent step of the formation of CS convertase by 
interaction of activated C3 with C42 to give C423 is even less 
well understood, but investigation was made possible by the 
finding that treatment of human C2 with weak iodine solution 
produced a 10-20-fold increase in its stability and activity in 
forming C3 convertase”. Centrifugation in a sucrose density 
gradient of C42 using iodine-treated C2 and C3 showed the 
presence of two peaks of CS convertase activity of 14-16S and 
9-10 S and a peak of C3 convertase activity at 11.3 S (ref. 84). It 
was suggested that the heavy C5 convertase activity could be 
explained by the presence of an equimolar C423 complex and 
the lighter by an overlap of the C42 and C3 peaks. If this is 
correct, noncovalent binding of C42 and C3 is not essential for 
CS convertase activity, but much more detaued investigation 
will be necessary to establish the nature of this enzymatically 
active complex. 

This is the last proteolytic step in complement activation and 
no catalytic activity has been found ın activated C5 or in the lytic 
complex it forms with C6, C7, C8 and C9. Of the four proteases 
of the classical system, Cir, Cis, C42 and C423, the first two are 
Clearly of the serine esterase type and the two enzyme 
complexes, where the catalytic site is believed to be in C2, may 
also be of this type. However, it 1s unusual in that it is relatively 
resistant to diisopropyl fluorophosphate and, more surprisingly, 
the active site seems to be in the 70,000 molecular weight 
chain®, whereas in all other serine esterase type proteases it is in 
chains of 20,000-30,000 molecular weight. All these proteases 
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of the classical pathway are active in solution but are probably 
bound to antibody or cel surfaces in vivo. This 1s likely to be an 
essential feature, as plasma and other body fluids contain high 
concentrations of proteolytic inhibitors and activation must 
depend on the local excess of protease over inhibitors. 

There are many finely balanced features of this highly 
complex system, the ramifications of which are far from clear, 
and the unravelling of the mechanisms of activation and control 
seem likely to throw new light on an animal’s immune defence 
against infection. 
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High energy neutrino astronomy 
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The possibility of doing point source neutrino astronomy is 
discussed. Probable sources include galactic nuclei, 


Seyferts, quasars, radio galaxies, pulsars and supernovae. 


THE possibility of building a very large deep underwater muon 
and neutrino detector (DUMAND)’, which would look at the 
interactions of neutrinos produced by cosmic rays hitting the 
atmosphere has been discussed. New design ideas mean that this 
detector may be able to resolve the direction of origin of the 
neutrinos to better than 1 deg? which opens up enormous 
possibilities for point source neutrino astronomy some of which 
are considered here. These may not need to wait for DUMAND 
but may be realisable with existing detectors of the type being 
developed by Lande’. For most of our discussion, however, we 
will use proposed parameters for DUMAND; such that a flux 
from a point source of order 107 eV cm™s in neutrinos more 
energetic than 3 x 10*' eV constitutes a detectable signal for a 
10° ton detector in one year of viewing time. (This flux produces 
10 counts per yr per 10° tons.) Signals as small as 10 eV s~* cm” 
may prove to be detectable due to solid angle resolution and 
proper identification of background and effective detector 
masses larger than 10° tons. The 1077 eV flux level is not large by 
astrophysical standards: the brightest non-thermal sources (such 
as pulsars and active galactic nuclei) have fluxes far greater than 
this, so if they can somehow put even a small fraction of their 
total himimosity in the form of high energy neutrinos, mey arein 
principle detectable. 

Any system which has high energy proton collisions will 
produce neutrinos due to pion and kaon production and decay in 
such collisions. 

The production of high energy neutrinos in astrophysical 
systems thus entails first the production of high energy protons, 
followed by their degradation through pion and kaon producing 
collisions against other protons™*. The most es astro- 
physical reaction is 


ptprptpta’sta ‘star's (1) 


While the neutral mesons decay into y rays, the charged pions 
eventually decay into three neutrinos and an electron (or posi- 
tron) by the standard decay, sequences. The cross section for 
proton collisions is roughly 49 mb, and is only weakly dependent 
on the collision. Thus protons are stopped over a path length of 
about 30 gcm™?. The leading pion may contain a significant 
fraction of the collision energy, thus a few neutrinos may carry 
away a large fraction of the collision energy’. 

Pious can also be produced in proton-photon collisions when 
the photon has an energy >600 MeV in the frame of the proton. 


0028—083.6/78/027 $--0704$01 00 


The cross section for this reaction depends on the collision 
energy and at maximum is i 


Cy, sazit (2) 


Diffuse sources 
High energy galactic cosmic rays hitting the upper atmosphere 
will produce high energy neutrinos. These are the prime neu- 
trinos which the high energy physicist’ might use for directly 
probing the nature of the weak interaction, and searching for 
intermediate vector bosons and Higgs particles. This diffuse 
atmospheric flux will be higher for those neutrinos coming from 
the horizon than from overhead due to the relative (atmos- 
pheric) decay length. In addition, at high energies this flux will 
drop off with energy by an additional 1/E due to time dilation on 
the decay of the r’s and k’s preventing néutrino production. 
The average intensity of this background in the energy range of 
interest, 10’7-10" eV, is <0.3 counts deg? yr’. These consi- 
derations indicate that this atmospheric background should be 
easily distinguished from neutrino fluxes of extraterrestrial 
origin. (Direct neutrino production’ will not have the addition 
1/E drop off but it is down ~10™ relative to + and k pro- 
duction. ) 

and ‘Zatsepin* and Margolis ef al.* have noted that 
the galactic cosmic rays interactng with the interstellar matter 
will produce a background which is marginally detectable and is 
peaked towards the galactic centre. Here, as in all astrophysical 
sources, all of the m’s and k’s decay so the »spectral index is 
essentially the same as that of the high energy protons with no 
additional 1/E time dilation effect. 

Other galaxies will similarly contribute to the diffuse » 
backeground**; however, if the other galaxies have the same 
galactic cosmic ray intensity and spectral shape as ours, then 
ours will dominate the diffuse »background. On the other hand, 
itis reasonable to expect that galaxies were more energetic in the 
past and thus produced more v’s. Berezinsky and Zatsepin* 
mentioned the possibility of a very carly ‘bright phase’ of 
galaxies to produce very large numbers of »’s. These »’s will, of 
course, be redshifted, but they may, nevertheless, dominate the 
diffuse background. Thus, a measurement of the diffuse back- 
ground alone would enable us to make some discrimination 
between a bright early phase for galaxies and the situation where 
early galaxies are similar to our present one. 


Point sources 


For the astronomer, the most appealing aspect of a large neu- 
trino detector, such as DUMAND, is the ability to resolve 
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individual point sources. As mentioned earlier, a variety of 


non-thermal systems would be detectable if they generate 9 
significant fraction of their luminosity in high energy neutrinos. 
To do so, a system must, (1) produce fast particles efficiently; 


and, (2) contain enough target matter near the source of the fast -_ 


protons to stop a significant fraction of them. Many of the most 
exciting objects in the sky may meet these criteria. Table 1 lists 
several astrophysical situations in which both these conditions 
may be met. 7 


Supernovae 
Standard cosmic ray models assume that a typical supernova 


puts out 6X 10™ erg in relativistic cosmic rays. With the spec- _ 


trum proportional to E ™. The neutrino counting rate in a 10° 
ton detector is then® 

R ~10°n/ D? da" (3) 
where D is the distance in kpc to the supernova remnant and n is 
the ambient density in atoms cm~* of the medium in which the. 
remnant is situated. Regardless of the detailed mechanism by 
which the cosmic rays are accelerated in either the remnant or 
the shock itself, the basic fact remains that if the supernova 
occurs in a dense cloud where 14 may be as large as 10°, it would 
then be a detectable point source of high energy neutrinos. 
Because supernovae are presumably rapidly evolving massive 
stars, it is reasonabk to assume that many go off while still in the 
immediate vicinity of the cloud out of which the presupernova 
star formed. It is also likely that a presupernova star will undergo 
significant mass loss and hence create its own circumstellar 
cloud. 


A supernova in a dense environment would also be detectable l 


by yray satellites in the energy range E, <1 GeV. Indeed, 
coincidences have been reported” between unidentified y-ray 
sources detected by the Cos B satellite and radio emitting 
supernova remnants. The signal detected by Cos B, if assumed 
to be the low energy end of an E,™ y-ray spectrum originating 
from ro decay, would yield 10-107 eV cm™?s™ in 10°7eV y- 
rays, and a comparable flux in high energy neutrinos. 


Pulsars 


Pulsars accelerate high energy protons’ which if they hit some- ` 


thing will produce neutrinos. has pointed out that 
young pulsars, blanketed by a supernova remnant less than a 


year old could be bright sources of high energy neutrinos. ` 


material and an accretion cloud could conceivably surround the 


pulsar. If the companion is a red giant, its envelope could block © 


Table 1 Possible high energy neutrino sources 


Maximum expected 
counting rate 
Site of He Particle Target material from a typical source 
Expanding Ejecta, swept up 107 per yr per 10° tons 
supernova remnants matter, dense cloud 
from which star 
formed 
Stellar explosions Binary companion 10°/10° tons per 
event 
Pulsars Binary companion, 10° per yr per 10° tons 
accreting matter ' 
young supernova 
remnant 
Seyferts, radio Clouds in nucleus, 10° per yr per 10° tons 
galaxies, and OSOs matter accreting on 
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nearly half the high energy protons emitted by the pulsar. A 
pulsar emitting (roughly the luminosity of the Crab pulsar) 
10°’ ergs”! in high energy particles (E, > 10° eV) at a distance 
of D kpc produces 


. R =D counts d™ (4) 


where 7 is the fraction of the luminosity converted to high 
energy neutrinos by the target material near the pulsar. A typical 
value of n might be between 10° and ~1. -> 

Helfand and Tademaru”’ have speculated, on observational 
grounds, that a significant fraction of all pulsars form in binaries. 
Stepnian et al.'* have detected a flux in high energy y rays 
(E, > 3x10"? eV) of about 60 eV cm~? s~ from Cyg X3, which 
is generally held to be a (heavily blanketed) pulsar in a binary 
system. A comparable flux in high energy neutrinos would be 
detectable with a 10° ton detector in a year or two of viewing 
time. Any process—such as Colgate’s® shock mechanism— 
which produces high energy particles promptly during the initial 


~"~“gupernova explosion will produce a prompt burst of neutrinos if 


the exploding star has a binary companion. For example, in the 
type I supernova model where a white dwarf accretes beyond the 
Chandrasekhar limit from a red giant companion, the explosion 
will, of course, occur in the vicinity of that comparison. The 


.— harrow pulse detected at Earth would contain a maximum of 


N = 710°D~?(U/10* erg) counts 


where U is the energy output of relativistic particles, and 7 is the 
fraction of them stopped by the binary companion and sur- 


. rounding material. A typical value here for 7 might be as high as 


0.5. 


Galactic nuclei 


The most potent sources of high energy neutrinos may be active 
galactic nuclei™*, such as those of radio galaxies, Seyferts and 
possibly quasars. Such nuclei are capable of luminosities as high 
as 10*°-10*’ ergs’. As the radiation seems to be of non- 
thermal! origin, it is believed that the power outputs in high 
energy particles take on similar values. As these high energy 
particles would be produced within the innermost regions of the 
nucleus, which have column densities well in excess of a typical 
galactic disk, the high energy protons produced there might be 


_ expected to be stopped by nuclear collisions before escaping the 


‘rounding a collapsed object in the nucleus may have column 
densities of 107-10° gcm™’, which would be sufficient to even 
stop the y rays, but the v’s would still easily escape. 

Thus, one could reasonably expect that such active nuclei put 
out a significant fraction (2 10%) of their entre Juminosity in 
the form of high energy neutrinos. The nearby peculiar galaxy 
M82 (often thought to be an exploding galaxy because of its 
optical appearance) could give a neutrino count rate in excess of 
1 per day if, indeed, there are nonthermal processes occurring in 
its nucleus. Other nearby active nuclei, such as Cen A and M87 
could give count rates of the order 10 per year. Grindlay et al.’° 
reported a high energy (E,>3 10" eV) y-ray flux of the order 
of 50 eV cm™’s"' from Cen A. A comparable flux in high energy 


___. neutrinos would be detectable within a year of viewing time. 


(Remember that the atmospheric background per deg in a 10° 
ton detector is 0.5 counts yr‘ thus as few as 3 counts yr‘ from 


- the same deg would indicate a point source.) 


Compact radio sources emit in Bursts which almost certainly 
originate within regions smaller than a light day. Thus, a few 


-— years worth of neutrinos as computed from average luminosities 


could arrive within a few hours, making them much more easy to 
detect. It has been suggested’* that as many as 10* counts per 10° 
tons per burst could be recorded from a radio burst, for example, 
the nucleus of 3C120. 
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Particularly significant is the fact that ~10% of the flux from 
Cen A is in the form of high energy y rays. This corroborates the 
picture sketched above, that is that a significant fraction of the 
luminosity of a non-thermal galactic nucleus is caused by very 
energetic particles. The energy density in the Universe due to 
emission by Seyferts and QSOs has been conservatively esti- 
mated at 10° eV cm™. If Seyferts do. emit ~10% of their 


luminosity in the. form of high energy neutrinos, the. energy. 


density in such neutrinos could be as high as 10~* eV cm™”. Thus, 
one could reasonably hope to discover a cosmic background of 
high energy neutrinos ane out above the atmosphere at 
E,>10'7 eV. 


Limits on deuterium O E T 


Another area where neutrino astronomy may be critical is in 
constraining the astrophysical locations for producing deu- 
terium”. If deuterium is only cosmologically then the 
Universe is open (see ref. 18 and refs therein). Epstein et al? 
showed that the only allowable alternative to the big bang for 
producing deuterium was extremely high energy perticle inter- 
actions where most nuclei (in particular Li, Be and B) would be 
broken down to free nucleons. To avoid seeitig the simul- 
taneously produced y’s from such interactions, any such 
production site must be hidden in an optically thick region (for 
example, Epstein” proposed the centres at quasars), however, 
neutrinos cannot be hidden in this way. Thus, limits on the 
neutrino flux would constrain, if not eliminate, any non big bang 
deuterium production site. The Reines experiment”’ implies 
that the cosmic background at E,<10'7 eV is well below the 
atmospheric background, and it can be shown™ that this con- 
strains ’*s model for deuterim een to 1+Z> 
2000(A70)~™?, 


Conclusions 


Many of the most exciting objects in the sky may be high energy 
neutrino emitters. Any object that emits y’s by r° production 
will also naturally be a neutrino source. Thus, y-ray astronomy 
gives us some degree of confidence that neutrino astronomy will 
not be a null feld. However, the two fields are complimentary 
and will not merely duplicate each other because neutrinos-are 
capable of being seen even when they are produced in regions 
which are optically thick to y rays. For example, the very 
compact central regions of active galaxies, with their intense 
radiation fields, will. be optically thick to y»rays but can be 
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studied by neutrino astronomy. In ‘probing these very central 
regions, one may discover how these. objects are powered. In 
fact, even a null result is interesting because it would indicate the 
degree to which high energy particles are involved. In addition, 
y-ray detectors mostly tend to be sensitive to lower energies, 
thus seeing an object in both »’s and -y’s will tell us a lot about its. 
high energy particle spectrum. (The mean dt Pan of y’s of 
energy 210" erg is 910% kpc). 

One final advantage of »-detectors is that they simultaneously 
observe a full 4 steradians. Thus they will not miss transient 
point sources. This feature may enable »-detectors to alert other 
branches of astronomy to transient objects. 

Whenever astronomers have opened a new RR for stu- 
dying the Universe, new and unexpected sources have- been 
discovered. One only has to consider, quasars and pulsars from 
radio astronomy, Cyg X1.from X-rays, and the still mysterious 
X-ray and yray bursters to realise that the most exciting 
possible discoveries from, astronomy may not have been 
mentioned here.’ |? 

We thank Fred Reines, Art Roberts, Maury Shapiro, Rein 
Silberberg, Steve Margolis, Ken Lande, John Learned; Ben 
Berezinsky, and John Scott, and many others for stimulating 
discussions and suggestions. This work was supported in part by 
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The distribution of the Tertiary and Lower—Upper Creta- 

ceous sediments in part of the northern continental margin 
of the Bay of Biscay, has been mapped. ea 
sequences are indicated by the seismic PE a 





THE part of the. northern continental margin. of the Bay of 
Biscay discussed here intersects and lies seawards of the rifted 
Mesozoic—Cainozoic basin and Cornubian granite platform of 
the western approaches to the English Channel. The continental 
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slope 1s broad and marked by prominent features such as the 
Meriadzek Terrace, Trevelyan Escarpment and the Goban 
Spur. The structure of the margin consists of thin and unfaulted, 
Tertiary and Lower—Upper Cretaceous sediments that mantle a 
series of tilted and rotated fault blocks’ underlain by a thinned 
continental crust”. The distribution of these sediments and the 
fault blocks has been mapped using 10,000 km of multichannel 
seismic profiles occupied by the Institut Francais du Petrole 
(IFP-CNEXO-CEPM) and the Institute of Oceanographic 
Sciences for the Department of Energy (UK). These data were 
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Fig. 1 Schematic tec- 
tonic pattern of the rift 
system in NE Biscay: 1, 
sites 400, 401, 402; 2, 
faults; 3, lystric faults with 
arrows down dip; 4, Pre- 
Aptian erosional surfaces; 
5, continental oceanic 
crusts boundary; 6, 
tectonised area along 
Trevelyan escarpment 
due to late Eocene 
compression; 7, late 
Eocene strike-slip fault or 
folds. Heavy dotted line, 
seismic refractions 
profile; heavy solid line, 
seismic reflection profile 
Figs 2a; 3. Horizontal 
hachures, areas where 
deep reflector ‘S’ can be 
seen. 


| 
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acquired using 24-channel common depth point reflection 
techniques and processed using deconvolution before and after 
stack followed by the application of time and space variant 
filtering. Diffraction migration has also been applied to clarify 
reflections. 

The seismic profiles show that the tilted and rotated blocks are 
bounded by lystric faults which delineate half-grabens created 
during rifting and subsequently covered by post-rift sedi- 
ments'*. Three sedimentary sequences can be recognised on the 
seismic profiles. A pre-rift series which consists of thick layered 
sediments shown by parallel inclined reflectors is clearly visible 
within the fault blocks. Evidence for the age and depositional 
environment is given by drill and dredge data*”. Site 401 of 
DSDP Leg 48 (refs 4, 5) penetrated Kimmeridgian—Portlandian 
limestones in the crest of one fault block although the regularity 
of the pre-rift reflectors (Fig. 2a) hints that substantial facies 
changes may be present. Dredging on exposed fault blocks at 
4,200 m depth near Goban Spur, however, has yielded granites 
of Hercynian age’ and pebbles of Permo-Triassic (?) sandstones 
have been noted in Lower Cretaceous conglomerates’. The 
second syn-rift sequence, deposited contemporaneously in the 
half-grabens, is inferred to be pre-Aptian and probably post- 
late Jurassic*. The post-rift sequence penetrated at DSDP sites 
400A, 401 and 402A was deposited after the end of rifting and 
the onset of spreading in Aptian time. It comprises thin pelagic 
or hemipelagic sediments of post-Aptian age that drape the 
underlying fault block topography’. 

The tilted and rotated fault blocks can be followed from 
the shelf break to the outer part of the rise in the vicinity 
of the Trevelyan Escarpment at 4,500 m depth. The polarity of 
the faulting is consistently down towards the continent—ocean 
boundary and true horsts are rare. The fault blocks (Figs 1, 2a) 
typically trend WNW-ESE subparallel to the margin but their 
continuity is limited due to normal faults whose NE-SW and 
E-W trends may reflect the influence of older Hercynian struc- 
tures such as the Armorican shear zones. Towards the Goban 
Spur, the fault blocks change trend to NNW-SSE and are 
paralleled by the magnetic anomalies of the adjacent ocean 
crust”. In both areas, the position of the continent—ocean boun- 
dary (Fig. 1) is clearly shown by a sharp change to a strongly 
diffracting opaque reflector that contrasts with the tilted 
reflectors observed within the fault blocks. 


l 


il 
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The fault blocks are typically spaced at between 10 and 30 km 
(Figs 1, 2a) and the bounding fault planes curve and flatten with 
depth. Throws of individual faults may be as much as 3-4 km. 
Comparable lystric faults have been described from the Viking 
Graben of the North Sea®° and from the Gulf of Suez rift'”. 
Beneath the irregular surface defined by the crests of the fault 
blocks, a prominent reflector ‘S’ (Fig. 25) is observed at depths 
between 9.0 and 11.0 s beneath the rise. Variations in the travel 
time to reflector ‘S’ beneath and between the fault blocks are 
produced by lateral variations in velocity. It may therefore be 
assumed that reflector ‘S’ is sub-horizontal and thus indepen- 
dent of the overlying faulted layer. Indeed, we have not ob- 
served any displacement of reflector ‘S’ even though the curved 
normal faults are associated with throws of as much as 3—4 km. 
An exactly similar feature observed at the western foot of 
Galicia Bank to the west of Portugal shows that reflector ‘S’ is 
not a local phenomenon (Fig. 4). 

Further evidence on the nature of reflector ‘S’ is given by a 
refraction profile which crosses our seismic reflection profiles 
and was obtained by CNEXO using OBS (ref. 2). The base of the 
4.9 km s™' layer is 9.5 km, close to the depth at which the lystric 
faults become horizontal. Below this leyer, a 3-km thick layer 
with 6.3kms~' occurs above the Moho (8.2kms '). The 
refraction data indicate that the interface between the 4.9 and 
6.3 km s™' layers lies at ~9.2s, in reasonable agreement with 
the observed depth of reflector ‘S’ (Figs 2b, 3). The structure of 
the faulted layer is, however, complex, and horizontal inhomo- 
geneities may be present. In view of this and the small 3-km 
thickness of the 6.3kms ' layer the possibility exists that 
reflector ‘S’ may be the Moho. Clearly. further seismic studies 
are necessary. 


Rifting and crustal attenuation 


Experimental simulation of rifting using clay models has clearly 
shown that normally faulted tilted blocks are formed in response 
to crustal tension'’. The accommodation of these movements at 
depth bears directly on proposed mechanisms of crustal attenu- 
ation during rifting. One widely used model of rifting is based 
on analogues such as the East African rift system or Rhine 
graben. 
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Fig.2 a Tilted block and lystric fault. Acoustical basement B is constituted in a great part of layered sedimentary rocks of probable Jurassic and 

early Mesozoic age. These formerly continuous layers were faulted and tilted during the early Cretaceous rifting phase. Vertical scale in seconds, 

two-way travel time. Numbers la, Ib, 2, 3, 4 refer to overlying sedimentary formations: Profile OC 412, migrated; Site 400. b, Geological cross 

section through site 400 with same horizontal and vertical scale, constructed from seismic reflection—profile OC 412 migrated (see Fig. 1). Note 

the lystric faults bounding the tilted blocks. Near base of lystric faults is an horizontal reflector corresponding to interface between 4.9kms ' 
and 6.3 kms ' layers defined by seismic refraction data. Moho discontinuity is at 12 km (ref. 24). 


The following stages have been proposed'*: upwarping or 
doming of the crust, incipient volcanic activity, formation of 
faults and increasing volcanic activity, subsidence of the 
graben(s). Other workers'*'* proposed that domal uplifts 
developed in isostatic response to mass deficiences produced by 
partial melting of the mantle above rising plumes at the base of 
the lithosphere. In these models, sub-aerial uplift and erosion 
with ‘sub-crustal erosion’ are offered as a means of thinning the 
crust. The second and fundamentally different mechanism pro- 


poses a combination of extension by brittle fracture in the upper 
part of the crust and ductile flow in the lower part of the 
crust'*'”. Important constraints can be placed on these by 
the regional geology of the margin and also by the geometry of 
the extensional fault fabric. 

In the Bay of Biscay, sub-aerial uplift which preceded rifting is 
not evident, in contrast to the classical models*. Rifting, which 
probably took place between late Jurassic and Intra-Aptian 
time* occurred in a pre-existing epicontinental sedimentary 
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basin of Mesozoic age perhaps first formed during earlier 
Permo-Triassic distension*”. The seismic profiles indicate that 
no erosion occurred before and during rifting on the outer part 
of the margin, that is, in the axis of the rift system. Dredge 
data”’, the drilling results from Leg 48 (refs 4, 6) and the seismic 
data indicate that at the end of rifting, water depths were of the 
order of 2,000 m in the outer part of the margin. The existence 
of deep water marine beds implies that rifting was not associated 
with a substantial sub-aerial relief—a conclusion that can also be 
drawn for the Parentis Basin in south-east Biscay*”. We suggest 
that the rifting was not preceded by and is thus not a 
consequence of a domal uplift. Beneath the inner part of the 
margin, however, the crests of some tilted blocks are cut by a 
horizontal plane, indicating that some sub-aerial erosion did 
take place when the fault blocks were rotating. 

The importance of normal faulting in thinning the crust has 
been more contentious, for little has been known of the 
geometry of such faults at depth and their relationship to the 
deeper structure of passive margins. The new data (Figs 2b, 5) 
clearly show that the lystric faults do not continue as far as the 
base of the crust but curve and flatten with depth demonstrating 
that extensional faulting is confined to the upper part of the 
crust. Such faults are considered to form by simultaneous fault- 
ing and tilting so that the fault blocks rotate towards the central 
subsiding trough and individual blocks dip away from the rift 
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if high pore fluid pressures are absent’, it seems unlikely that 
these would develop under an extensional stress regime. 

Our hypothesis considers that the termination of faults with 
depth marks a fundamental transition in the rheological proper- 
ties of the crust from brittle above to ductile below'”***. The 
boundary or transition between them may be marked by the 
deep reflector ‘S’ so that the interval between the lystric faults 
and the Moho corresponds to a zone of ductile flow charac- 
teristic of the lower part of the crust. The hypothesis implies that 
there is a depth in a homogeneous crust subject to extension 
below which ductile behaviour occurs and above which elastic 
strain is released by periodic faulting. Flow within the ductile 
layer during rifting, that is, while the continental crust remains 
joined, is considered to accommodate the balance of the thin- 
ning required by the geological and geophysical data. 

Our observations of rift tectonics in the Bay of Biscay support 
modifications to the Vening Meinesz hypothesis of rift valley 
formation made by various authors’*'”*'****. Intraplate stres- 
ses arising from continental collisions or from small differences 
between the absolute velocities of plates may initiate stretching 
of the lithosphere'”'*. These stresses are imposed on a crust 
consisting of the brittle upper layer and a lower ductile layer that 
can deform rapidly when stress differences are large. As shown 
above, the limited extension and thinning produced by brittle 
fracture compared to the more important ductile thinning of the 





Fig.3 Seismic profile south of Goban Spur showing tilted blocks with lystric faults. Note the horizontal reflector S below the tilted blocks. It is 
observed on the deepest part of the margin. On Trevelyan it corresponds to the boundary between a 4.9 kms ' layer and a 6.3 kms ' layer only 
3 km thick. The Moho is around 12.5 km below sea level. Profile CM 16, processed. 


axis?'. Beneath the outer part of the margin, the continental 
crust affected by lystric faults is ~ 6 km thick although rotation 
of the blocks reduces this thickness to about 4-5 km (Figs 2b, 5). 
As further fault movement becomes difficult when the fault 
plane becomes horizontal, we have roughly compared the crus- 
tal thinning and extension derived from the variable fault 
geometry with that given by gravity models and refraction 
data’. For the typical rotation of 20-30°, extension of the area 
between the present shelf edge and the continent-ocean boun- 
dary is ~ 10% of the previous width. The rotation data also 
indicate a thinning of between 6 and 9 km (after ref. 21). The 
refraction data show, however, that the crust has thinned to 
6 km (that is by 24 km assuming an original thickness of 30 km) 
beneath the outer part of the margin**. We therefore conclude 
that extensional faulting in the upper part of the crust during 
rifting is inadequate to account for the observed thinning. 
Clearly, the lower part of the crust must also be thinned but by 
some other mechanism. We have considered an origin by decol- 
lement, although this is not preferred, as both gravity and high 
frictional drag must be overcome to allow movement along a 
subhorizontal zone dipping toward the continent. Furthermore, 
the direction of movement would be opposite to that taking 
place during extension. Although frictional drag can be reduced 


lower crust suggests decoupling between the brittle and ductile 
parts of the crust. Experiments in rock mechanics” have shown 
that the strain of ductile material increases continuously once a 
certain level of stress is reached (viscous behaviour). In contrast, 
continuous strain in the brittle material is limited because stress 
increases only until released by fracturing. These differences in 
rheological behaviour may imply that thinning of the ductile part 
of the crust began before the creation of the first fault in the 
brittle crust. As tensile stresses are the same at the lateral 
boundaries of the lithosphere, it follows that extension by 
continuous viscous flow initiated by a lower level of stress in the 
lower ductile part is more important than in the upper, brittle 
part. Normal faults develop as the strength of the brittle layer iS 
exceeded and downfaulting results in a decrease in tensile stress 
and elastic shortening that equals the extension caused by 
faulting. Continued viscous flow inithe ductile layer results in the 
accumulation of stress in the brittle layer that is relaxed by 
further faulting. The continuous necking of the lower ductile 
pait of the crust is accompanied by a rise of the mantle and a 
development of a depression, the rift, in the brittle upper crust 
that allows continued rotation of the fault blocks along the 
lystric faults. It is important to realise that the mechanism allows 
greater thinning within the ductile layer than in the brittle layer 
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Fig.4 Seismic reflection profile immediately west of Galicia Bank showing tilted blocks and | ystric faults and an horizontal reflector below, as on 
Fig. 1(7); seismic formations 1-4 are the same as defined in Northern Biscay. Profile IFP-CNEXO-CEPM GP12 processed. 


because of the difference in rheological properties. Extension 
within the brittle layer should not be regarded as a measure of 
thinning which largely takes place within the ductile layer. 

Models suggested for the Baikal rift and Rhine Graben'*""* fit 
our observations well. Heat flow data for the Biscay margin” 
can only be interpreted in terms of thinning of the ductile lower 
part of the continental crust and not in terms of phase changes or 
intrusions. Rim uplifts predicted by the model may be due to 
regional isostatic adjustment indicated by the erosion of the 
fault blocks observed near sites 401 and 402 and more widely on 
the shelf. In Biscay, Galicia and the Aquitaine Basin'*?°"°, the 
regional geological data indicate that the rifting took place in a 
pre-existing epicontinental basin subject to subsidence and 
perhaps weakened during earlier rifting episodes. In these cases, 
previous crustal thinning which may have occurred in response 
to sediment loading as well as rifting may have subdued the 
development of complementary uplifts or erosion may have 
kept pace with uplift. The faulting may have been rapid although 
we cannot be specific on this point. For example, onlap of 
reflectors within the bedded sequence contained within the fault 
blocks is rare but thickening towards the axes of the half graben 
is common. This observation is indicative of relatively rapid and 
continuous contemporaneous movement rather than episodic 
movement. 


Post-rifting subsidence 


Regional subsidence of passive margins beginning at the onset of 
spreading and after rifting is a widely recognised phenomenon. 
In Biscay, post-rift subsidence of 2,300 m indicated by shallow 
water Aptian—Albian sediments was comparable to the subsi- 
dence produced by rifting*”. This subsidence was not caused by 
faulting, for the post-rift sediments are only rarely affected by 
faults. These exceptions are faults of late Eocene age developed 
along the Trevelyan Escarpment in response to the Pyrenean 
compression. The post-rift subsidence therefore took place by 
oceanwards tilting of the margin without decoupling of the 
continental and oceanic crust. Subsidence due to loading can be 


Fig. 5 Schematic crustal sections through the N. Biscay margin 
(data refs 2, 19). 
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neglected in Biscay as the post-rift sediments are thin (Figs 26, 
5). 

The most widely accepted mechanism of post-rift subsidence 
is thermal contraction of the lithosphere initiated as the heat 
source migrates away from the margin at the onset of spreading; 
the exponential decrease in subsidence with time is considered 
to be similar to that deduced for the ocean crust***. The depth of 
deposition of Aptian sediments (Fig. 6) that is, of the topography 
of the margin at the end of rifting, has beep reconstructed from 
the new seismic and palaeobathymetric data*. Although the 
present altitude of a point on the margin depends on its initial 
altitude, the curve shows that the subsidence increases progres- 
sively from the shelf towards the deep ocean. Variations in 
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Fig. 6 Absolute amount of post-rifting subsidence of N. Biscay 

margin from the shelf to the oceanic crust. Upper dotted line, 

simplified topography of the rift at Aptian time; lower dotted line, 

present depth of Aptian corrected for loading; solid line, amount of 
subsidence. 


subsidence rate cannot be defined with precision, however, 
because palaeontologically determined depths become increas- 
ingly inaccurate for increasing water depths and age. Neverthe- 
less, data? do not contradict an exponential decrease in subsi- 
dence. The subsidence of the thinned continental crust adjacent 
to the continent-ocean boundary is greatest and most similar to 
the ocean crust, whereas that of the thick crust beneath the shelf 
is least and most different. The magnitude of the subsidence is 
thus clearly related to crustal thickness. Change of slope on the 
subsidence against distance curve at 150 km (Fig. 6) may reflect 
abrupt changes in crustal thickness. The curve also substantiates 
the coupling of the continental and oceanic crust because subsi- 
dence of the oceanic crust is approximately equal to the 
continental oceanic crust. 

Unfortunately, we cannot address the role of the ductile layer, 
Moho and Upper Mantle on the subsidence during and after 
rifting. Their nature and position may well have been different 
during and after rifting. Nonetheless, spatial variations in the 
post-rift subsidence of the passive margins of Biscay are at least 
a partial function of crustal attenuation produced by thinning of 
the ductile layer during rifting. 
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A new Thy-1 alloantigen as a temporal marker 
of T lymphocyte differentiation — 


D. B. Thomas, Raquel A. Calderon & Lynda J. Blaxland 


National Institute for Medical Research, Mill Hull, London, NW7 UK 


A new Thy-1 alloantigenic specificity is defined in the 
mouse, Antigen expression is restricted to ‘mature’ and 
memory T cells, with either helper or killer activity. 


THE importance of tymphocyte differentiation antigens in 
defining the cellular heterogeneity of the immune system is now 
well established; functionally distinct lymphocyte populations 


exhibit a unique surface antigen RE and may be en-' 


riched or depleted with specific antibody’. In the mouse, the 
initial classification of lymphocytes as B or T cells was based on 
surface expression of immunoglobulin or the Thy-1 alloan- 
tigen*”. Subpopulations of T cells have since been defined. 
These are by their differential expression of the 
alloantigens Ly-1, Ly-2 and Ly-3 (refs 4—6). Studies by Cantor 
and Boyse with the Ly markers indicate two independent path- 
ways for the differentiation of T lymphocytes”: thymocytes and 
‘precursor’ T cells with a Ly-1* 2°3* surface phenotype generate 
either helper cells (Ly-1* 273 ) or suppressor/killer cells (Ly- 
1~ 2*3*), commitment to either differentiation pathway preced- 
ing exposure to antigen. However, virgin and memory T 
lymphocytes cannot be distinguished by means of these markers. 

Evidence is presented here for a new Thy-1 alloantigen which 
may be used to distinguish virgin and memory T cells. The 
antigen is absent from neonatal T cells but present on 50% of the 
adult T cell population. Functional tests indicate that this new 
specificity is restricted to ‘mature’ and memory T cells, with 
either helper or killer activity. 


Xenoantisera to Thy-1 


Experiments with xenoantisera to murine tissues provided the 
first, fortuitous indication that Thy-1 included an hitherto 
unrecognised specificity. Rats and AKR mice both express the 
Thy-1.1 alloantigen on brain and thymus, and reciprocal 
immunisation should only elicit antibody to xenogeneic deter- 
minants. It was unexpected to find that rat antisera to AKR 
brain defined a subpopulation of T lymphocytes Arig. 1). 
Xenoantiserum dilutions of log, 1-3 and C’ (guinea pig 
complement) lysed a constant number of cells in AKR thymus 
(75-80%), lymph node (30-35%) and spleen (18-20%), 


0028-08 34/7 8/027 5—07 11$01.00 


without, affecting bone marrow cells (<4%). (Values are also 
included in Fig. 1 for lysis by Thy-1.1 alloantibody and C.) 
Cytotoxicity was removed by absorption with AKR brain, but 
not rat brain or thymus, thereby excluding autoantibody 
activity. 

Identical values were obtained with lymphoid tissues of Thy- 
1.2-positive mice: CBA, C57BL/6, BALB/c, LPJ, C3H/he and 
A strains. However, spleen cells from outbred, athymic nu/nu 
mice were not lysed (<3%), suggesting specificity for a sub- 
population of T lymphocytes (about 50% of Thy-1* cells in 
spleen and lymph node, Fig. 1). This was confirmed in 
experiments with mitogen-treated cultures of CBA spleen. 
Xenoantiserum (1/3 to 1/9 dilution) and C lysed concanavalin 
A-induced T lymphoblasts (35-50% ) and phytohaemagglutinin 
A-induced T lymphoblasts (18-25%) but not lipopolysac- 
charide-induced B lymphoblasts (<4%) at the peak of the 
mitogenic response (48-72 h). 

The number of peripheral lymphocytes lysed by xenoan- 
tiserum and C showed a striking change with age. There was no 
appreciable lysis by xenoantiserum during the first 2 weeks of 


Table 1 Indirect immunofluorescent stainmg of CBA spleen cells with 
xenoantibody or alloantibody after capping of surface immunoglobulin 


Fluorescent ceils 

(% ring staining) 
Anti-BAT i 25 
Anti-Thy-1.2 41 
Ant-Thy-1.2 ab 22 
FITC-anti-mouse IgC 4 
FITC-anti-rat IgC 3 





CBA spleen lymphocytes (5-10 107; 3 ml) were incubated with 
fluorescein (FITC)-conjugated rabbit anti-mouse IgG 
(Miles; 1/20 dilution) for 2h at 37°C (minimum tme for 
capping) and washed twice with buffered salme, (2-4 x 10°; 
100 ul) were then incubated with an equal volume of anti-BAT (1/3- 
1/12 dilution) or ant-Thy-1.2 ab (1/10—-1/30 dilution) or anti-Thy- 1.2 
(1/10-1/30 dilution) for 30 min at 3°C, washed and incubated for 
30 min at 3 °C with 50 wl of FITC-conjugated rabbit anti-rat IgG or 
FITC-conjugated rabbit anti-mouse IgG. Cells were washed and 
examined with a Leitz Ortholux fluorescence microscope. 
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life (Fig. 2; <4%). Moreover, absorption of antiserum with 
newborn CBA spleen (1: 1, v/v; 2h at 3 °C) did not alter the 
cytotoxic titre for adult spleen or lymph node, thus indicating 
absence of a particular cell population from the neonate. 
However, the adult number of T cells were lysed by Thy-1 
alloantibody within a day of birth. Henceforth, the antigen(s) 
recognised by rat anti-AKR brain sera will be referred to as 
‘BAT (brain-associated thymus antigen). 


Effect of thymectomy 


The neonatal mouse is immunologically incompetent and surgi- 
cal removal of the thymus drastically, and permanently, impairs 
homo immunity, whereas thymectomy at 3 weeks has little 
effect”. However, the proportion of Thy-1* cells in peripheral 


H) 


log, serum dilution 


Fig. 1 Cytotoxic titre of rat ant-AKR bram serum and C for 
AKR lymphoid cells: thymus (@), tymph node (W), spleen (A) and 
bone marrow (XxX). Values are also included for lysis of thymus (O), 
lymph node (C) and spleen (A) by anti-Thy-1.1 (1/16 dilution: 
Searle Diagnostic) and C. Rats, either outbred Wistar or inbred 
PVG and August strains, received five weekly intraperitoneal 
injections of AKR brain homogenate (1:1, v/v; phosphate- 
buffered saline, PBS). Sera from 6-8 rats were pooled, heat- 
mactivated and absorbed with mouse Irver homogenate to remove 
species antibody (1.1, v/v; 2h at 3°C). Viable lymphocytes 
(>98%) were obtained by Ficoll-Hypaque centrifugation of tissue 
cell suspensions In the cytotoxic assay, oqual volumes of cells 
(2-5 x 10°; 50 ul), xenoantisenum and C (absorbed with Agarose) 
were incubated at 37 °C for 30 min and washed with PBS (2 ml). A 
two-step incubation was used for anu-Thy-1.1 to avoid the anti-C’ 
activity of mouse serum. Cell viability was estimated by dye 
exclusion using coin (0.1%, w/v) Control values for normal rat 
serum (absorbed with mouse Irver) and C were <4% dead cells. 


lymphoid tissues is identical in the neonate and adult (ref. 11, 
Fig. 4a), perhaps indicating further, thymus-dependent, 
maturation of the peripheral T cell ın the first 2 weeks of life. 

The percentage of cells reacting with xenoantibody showed an 
abrupt increase during this time (Fig. 2). An attempt was made 
to determine whether thymectomy affected the appearance of 
the BAT* cell population. CBA mice were thymectomised at 3 d 
or at 3 weeks, and killed at weekly intervals thereafter; pooled 
spleen cells from six or more donors were treated with xenoan- 
tibody or anti-Thy-1.2 and C. Neonatal thymectomy delayed, 
but did not prevent the appearance of BAT™ cells (Fig. 3a). 


However, adult thymectomy produced a reciprocal decrease in 


the Thy-1* cells and increase in BAT” cells, so that at 5 weeks 
post-thymectomy these populations were numerically 
equivalent (Fig. 3b). 

Dual specificity of Thy-1 alloantisera 

The existence of a new murine antigen (BAT) unrelated to 
Thy-1, but restricted to brain and the T ¢ell series seems 
unlikely. Alternatively, Thy-1 itself might define two serological 
determinants differing ın temporal expression: ‘conventional’ 


į 
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, Tme after birth (weeks) 


Fig. 2 Cytolytic effect of rat ant-AKR brain serum (A, 1/6 
dilution) or anti-Thy-1.2 (A, 1/16 dilution) and C on CBA spleen 
cells of different ages. 


Thy-1 present on neonatal and adult T cells, and a second 
specificity restricted to the adult. Alloantisera might then be 
expected to contain dual specificities, distinguished only by their 
reactivity with neonatal T cells. 

To test this possibility, alloantisera (C3H anti-AKR, or AKR 
anti-C3H) were absorbed with 2-3-d-old spleens from either 
AKR or CBA mice and examined for residual activity. Absorp- 
tion of Thy-1.2 (Fig. 46) or Thy-1.1 (Fig. 4c) alloantisera had no 
effect on the cytotoxic titre for adult tissues but removed all 
activity for neonatal spleen. The age of the spleen cells used for 
absorption was critical; 8-10-d-old donor cells removed all 
cytolytic activity. 

Plateau values for the percentage of cells lysed (thymus, 
spleen and lymph node) were obtained with alloantiserum dilu- 
tions of log,2—6 (Fig. 4a; cytotoxic index and ttre of anti-Thy- 
1.1 identical, data not presented). Absorption reduced these 
values for each tissue to give profiles strikingly similar to those 
obtained with xenoantisera (Fig.-1); thymus 80%, spleen18~ 
20%, lymph node 30-35%. Adult AKR thymus (Fig. 4c; 50%) 
was the obvious exception. These results suggested that 
xenoantisera and absorbed alloantisera were recognising the 
same cell population. To confirm this, cytotoxic values were 
obtained after consecutive addition of alloantisera and C’, and 
xenoantiserum and C, to CBA or AKR spleen, or lymph node 
cells. The number of cells lysed remained unaltered after addi- 
tion of xenoantiserum. 

Murine alloantisera are frequently contaminated with viral 
antibody, leading to some confusion over serological specificity. 
It might be argued that the lymphocytotoxic antibody, removed 
by absorption with neonatal spleen, was directed against viral 
determinants, residual activity being bona fide Thy-1 antibody 
(Fig. 4b, c). This argument presupposes the absence of T cells in 
neonatal spleen; this is unlikely, as monoclonal Thy-1.2 anti- 
body and C’ lysed 30-35% CBA spleen cells from both 3-d-old 
and adult donors. Also, xenoantiserum and absorbed Thy-1.1 
alloantibody lysed an equivalent number of spleen cells (20% ) in 





Time after thymectomy (weeks) 


Fig. 3 Effect of neonatal (a) or adult (b) thymectomy on the 
number of CBA spleen cells lysed by rat ant-AKR brain serum (A, 
1/6 dilution) or alloanti-Thy-1 2 serum (A, 1/16 dilution) and C. 
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congeneic A strain mice, where Thy-1.1 occurred on a different 
genetic background. 


Lymphocytotoxicity compared with 
immunofiuorescence 


Lymphocytotoxic tests often give spurious results due to the 
presence of non-complement-fixing antibodies. Failure to lyse 
all T cells with xenoantibody or absorbed alloantibody might be 
an artefact of C fixation, and misinterpreted as a new serological 
specificity. It was necessary, therefore, to confirm these esti- 
mates by a different technique. Indirect immunofluorescence is a 
reliable method of detecting cell-bound antibody, although 
staining of lymphocytes with alloantibody or rat antibody 
includes a high background staining of immunoglobulin-bearing 
B cells. This background may be reduced by an initial ‘capping’ 
of B cells with antighobulin. 

Reasonable agreement was obtained by indirect 
immunofluorescence and no more than 20% of spleen cells 
bound xenoantibody or absorbed alloantibody. Both: tests, 
therefore indicate that the sera are specific for a subpopulation 
of T cells. 


Significance of a second Thy-1 alloantigen 


We have shown that Thy-1 alloantisera contain two distinct 
antibody specificities, distinguished by absorption with neonatal 
T cells, whereas xenoantisera recognise a Thy-1 determinant 
restricted to the adult T cell. 

The Thy-1 locus, Thy-1* and Thy-1* alleles, is on 
chromosome 9 of the mouse, and there is no evidence of 
polymorphism’?. Biochemical studies in the rat, however, 
indicate molecular heterogeneity of Thy-1. Williams ef al, using 
lectin-affinity chromatography, have resolved Thy-1 from rat 
thymocytes into two components with molecular weights of 
25,000 and 27,000 (ref. 13). Differences in lectin affinity were 
attributed to the carbohydrate moiety rather than the poly- 
peptide. It is reasonable to assume that the dual specificities, 
defined here, also reflect post-translational modification of Thy- 
1, possibly by glycosylation. It may be anticipated that mono- 
clonal Thy-1 antibodies, produced by hybridoma cell lines, will 
be specific for either ‘conventional Thy-1’ or the temauye 
Thy-1’ defined here. 

We describe below our attempts to attribute a function to the 
T cell population reacting with xenoantibody (anti-BAT), and 
the lena absorbed with neonatal spleen cells ae 
1 ab 


Phenotype of helper T cells 


Helper T cell function was assayed by adoptive cell transfer. 
Spleen cells from normal or adult-th Mice were 
transferred, together with sheep red blood. cells (SRBC) as 


100 a 


Fig. 4 Cytotoxic ttre of 
Thy-1 alloantsera before (a, 
anti-Thy-1.2) and after (6, , 
antl-Thy-1.2; c, anti-Thy- 
1.1) absorption with neonatal pt) 
spleen. Alloantisera (Searle = 
Diagnostic) were absorbed 5 
(1/4 dilution) with an equal R - 
volume of packed neonatal 
spleen cells, ether CBA or i 
AKR (1:1, v/v; 2h at 3°C) 
and assayed for residual 
cytotoxic activity: adult thy- 20 
mus (O} lymph node (O), 
spleen (A), neonatal spleen 
(A). 
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immunogen, into lethally irradiated syngeneic mice; recipients 
were assayed for anti-SRBC plaque-forming cells (PFC) after 
6d. 

The anti-SRBC response requires heler T cell cooperation. 
Pretreatment of donor lymphocytes w-th anti-Thy-1 and C 
abolished the development of di and indirect PFC (Table 2, 
group 1). However, removal of >50% o? T cells with anti-BAT 
or anti-Thy-1 ab and C had no effect on -he primary anti-SRBC 
response, and even elevated the number of indirect PFC. Spleen 
cells transferred from mice, adult-thymectomised 4 months 
previously, developed a reduced number of PFC ın irradiated 
hosts (Table 2, group 2). Here, in contrast, the number of PFC 
was reduced even further by ant-BAT cr anti-Thy-1 ab and C. 
Cells from normal mice, prrmed 4 months earlier with SRBC, 
developed an increased number of PFC (Table 2, group 3). 
Treatment with anti-BAT and C now reduced the number of 
indirect PFC but had no effect on direct PFC. These results 
indicate that helper cells in the primary response to SRBC are 
BAT Thy-1 ab”, but BAT” Thy-1 ab* în thymectomised mice; 
in a secondary response, only a proportion of helper cells are 
BAT’. 

The increased number of indirect PFC from the virgin donors 
treated with antibody and C’ may be due to elimination of 
suppressor T cells, but as we have no experimental system to 
generate or estimate such, this cannot te confirmed. 


Phenotype of killer T cells and their 
precursors 


Two experimental protocols were used either an adoptive cell 
transfer of CBA lymphocytes into letha_ly irradiated F,\(CBA x 
DBA/2) recipients (H-2*’") to generate alloreactive (H-2*) 
killer cells, or challenge of normal o7 adult-thymectomised, 
CBA mice with allogeneic tumpur. Kille activity was assayed by 
the chromium release method using tae P81SY tumour as a 
target. 

Pretreatment of donor lymphocytes, or recipient F, cells at 
the time of assay, with ant-BAT or antı-Thy-1 ab and C’ had no 
effect on killer activity, indicating tha: neither precursor nor 
effector cells expressed the antigen(s) (Table 3, group 1). 
However, contradictory results were dbtained in the second 
series of experrments (Table 3, group 2). Normal CBA mice 
were immunised with allogeneic tumour and killer activity 
was assayed at various times thereafter. Optimum killer 
activity was generated at 12 d; between 12 and 18 d *’Cr release 
was unaffected by antibody and C’, whereas at 22 or 35 d values 
were reduced to base line. 

This finding was constantly reproducible. Killer cells became 
susceptible to cytotoxic treatment wth antibody and C at 
20-23 d following immunisation. In CBA mice thymectomised 
as adults and challenged with allogene-c tumour 5 weeks later, 


log, serum dilution 
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Table 2 Effect of xenoantibody or alloantibody and C’ on the generation of a primary and secondary antibody response to SRBC in irradiated hosts 





Group Cell source 
1 Spleens of virgin CBA mice, treated with": - 
NRS +C'(<2% "t 
Anti-BAT+C(20%)t ° 
Anti-Thy-1.2+C(32%)t ! 
Anti-Thy-1.2 ab+C(18%)t 
2 Spleens of adult-thymectomised CBA mice, treated with": 


Direct PFC per 10° cells 


1,193 (898-1,439) 
1,524 (1,111-2,083) 


1,030 (972-1,094) 


Indirect PFC per 10° cells 


1,781 (1,635-2,126) 
3,016 (2,142-3,640) 
293 (192-442) 
1,736 (1,370-2,187) 


138 (90-221) 


NRS+C(<2%)t 296 (257-358) 920 (708-1160) 
Anti-BAT+C’(24%)t 127 (107-145) 205 (187-237) 
Anti-Thy-1.2 ab+C(21%)t 81 (64-116) 237 (209-262) 


3 Spleens of primed CBA mice, treated with": 
NRS+C(<1%)}t 
Antl:BAT+C(18%)t 
Anti-Thy-1.2+C(34%)}t 


3,299 (2,931-3,742) 
3,517 (3,302-3,716) 


28,666 (25,000-33,250) 
14,020 (13,096-14,721) 


673 (531-789) 5,035 (3,986-5,580) 





Spleen cells from six or more mice were pooled and assayed for PFC by the slide method, as described by Dresser’”. Values for PFC per 10° spleen 


_ cells represent the mean and range for six individual determinations. 
* Viable lymphocytes were obtained by Ficoll-Hypaque centri 


of CBA spleen cells. An equal volume of cells (4 x 10°; 1 ml), C and normal rat 


trifugation 
serum (NRS, 1/3 dilution), or anti-BAT (1/3 dihition), or ant-Thy-1.2 (1/8 dilution), or ant-Thy-1.2 ab (1/8 dilution) were incubated for 30 min at 
37 °C. Lymphocytes (2 x 10’; 0.3 ml) and SRBC (10°) were mjected intravenously into irradiated (900 R) CBA mice. Recipient mice were killed after 


6d. 


t Number of cells lysed by antiserum and C’ before adoptive transfer. 


killer activity was always eliminated by anti-C’ antibody (Table 
3, group 3). 

CBA mice are exceptional; their killer cells express a Ly- 
1*2*3* phenotype whereas most other strains, including 
C57BL/6, are Ly-172*3* (ref. 14). Therefore, the experiments 
were repeated with C57BL/6 mice (Table 3, group 4) with 
similar results: killer activity was eliminated by anti-BAT andC 
at 22 d but not at 12 d. One may conc‘ude that pre-killer and 
killer T cells are BAT, Thy-1 ab’, whereas memory killer cells 
are BAT” Thy-1 ab”. 


two cell compartments: virgm (or primary effector) cells and 
mature (or memory) cells. Lymphocytes leaving the thymus are 
BAT Thy-1 ab~. Removal of the source of precursor cells (by 
adult thymectomy) produces a majority of BAT’ Thy-1 ab* 
peripheral T cells within 30-35 d (Fig. 3, Tables 2, 3). 

The time required to generate memory kHler T cells may also 
be estimated. After immunising normal CBA mice with allo- 
geneic tumour, T killer cells are initially BAT Thy-1 ab” (Table 
3; 12-18 d) but within 20-23 d killer activity is present in the 
BAT Thy-1 ab* population. In sdult-thymectomised mice, 
killer cells are BAT* Thy-1 ab* at all times. 


-compartmen Raff and Cantor have proposed two major categories of 
A two t model of antigen peripheral T cells’. The T,-T, concept was a useful working 
expression model which gave some rationale to earlier rts of synergy 


Figure 5 schematically summarises our results. Two compart- 
ments for the peripheral T cell population are defined anti- 
genically, BAT” Thy-1ab~ and BAT* Thy-1ab*. These 
antigens are distinct from any other lymphocyte differentiation 
antigen so far described in that they are markers of time not 
function. This may allow the estimation of transit time between 


$ 


between different Thy-1* cell populations'*’’. T, cells were 
defined as short-lived, non-recirculating lymphocytes that were 
susceptible to adult thymectomy. T, cells were long-lived, 
recirculating lymphocytes; they were resistant to adult thymec- 
tomy but highly sensitive to the in vivo effect of anti-lymphocyte 
serum. This T,—T, classification is somewhat overshadowed by 


Table 3 Effect of xenoantibody or allcantibody and C’ on the generation and activity of alloreactive, killer T cells 


| “Cr release (% # 
Group Call source Assay time (d) NRS+C Ant+-BAT+C = Ant-Thy-1.2+C Anti-Thy-1.2ab+C 
1. Adoptive transfer (CBA > 
CBA/DBA-2) 
Pre-killer cells* 7 57 54 11 ND 
Killer cellst 7 53 60 8 57 
2. Allogeneic response: 12 49 53 12 49 
normal CBA micet 14 68 64 12 66 
18 75 66 10 63 
22 70 11 8 10 
35 62 12 11 9 
3. Alogenex response: 12 52 13 9 j 13 
adult thymectomised micet 22 60 10 10 Í 12 
4. Allogeneic response: 12 78 71 13 ND 
normal! C57BL/6 micet 22 68 10 10 ND 





* Viable lymphocytes, obtained by Ficoll-Hypaque centri 


were treated with antiserum and C”, as in Table 1. Donor lymphocytes (2 x 107; 


0.3 ml) were injected intraperitoneally into irradiated (900 R) F, hosts. 

+t Irradiated F; recipients were killed at 7 d; spleen colls were treated with NRS, or antiserum, and C and assayod for killer activity. 

t Mice were injected intraperitoneally with 10’ P815Y tumour cells and Killed at various time intervals (12-35 d). Ficoll Hypaque~-purified spleen 
cells were treated with NRS, or antiserum, and C' before assaying for killer activity. 

$ Spleen cells (2 x 107 /ml) were incubated with **Cr-labelled tumour (2 x 10°/ml) for 5 h at 37 °C, centrifuged, and radioactivity in the supernatant 
determined, Values are given for % of total radioachvity ın the supernatant; complete target lysis is equivalent to 75-80% release. Spontancous 
release of *'Cy, in the absence of spleen cells, was 8-12%. ND, not determined. 
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Killer T-cell 


Killer T-cell 
(Thy-lab~,BAT™) (Thy-lgb*,BAT*) 





Helper T-cell 7 
(Thy-lab~, BAT} 


Helper T-cell 
(Thy-lab*, BAT*) 


Fig. 5 A scheme of differential antigen expression by murine 
lymphoid cells. 


recent studies with the Ly alloantigens’*, however, in functional 
terms, the Tı population includes both Ly-1* helper and Ly- 
2*3* suppressor/killer cells, and T, represents the precursor 
population of Ly-1*2*3* cells. 

Some analogies may be made between Ly-1°2*3* (or T,) 
lymphocytes and the BAT” Thy-1 ab” population (Fig. 5). In the 
neonate, T cells are exclusively Ly-1*2*3* and BAT” Thy-1 ab” 
(Figs 2, 4b, c) and both account for 50% of the adult population 
(Figs 1, 4b, c); the numbers of Ly-1°2°3* cells and BAT™ 
Thy-1 ab™ cells (Fig. 3b, Tables 2, 3) are decreased after adult 
thymectomy’ The Ly-1*2*3* phenotype, however, defines a 
precursor population that differentiates further to either helper 
(Ly-1*273-) or killer (Ly-172*3*) cells’”. The BAT™ Thy-1 ab” 
population includes precursor cells and primary effector cells, 
and antigen expression reflects time not function. 

The above model (Fig. 5) presents an obvious paradox. In the 
adult mouse, equal numbers of peripheral T cells are BAT™ 
Thy-1 ab” and BAT” Thy-1 ab*; both populations can generate 
killer cells and helper cells (Tables 2, 3). However, the effector 
cells in a primary immune response are exclusively BAT Thy- 
tab`. Following adult thymectomy, effector cells are BAT™ 
Thy-J ab* and helper function is somewhat reduced. These 
findings imply that, during a primary immune response, there is 
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a selective recruitment of ‘young’ T cells which have just left the 
thymus. 

Certain reservations must be made concerning helper 
function. Further experiments are required with limiting 
numbers of T cells, for both the primary and secondary antibody 
response of irradiated hosts, to demonstrate conclusively that 
most helper cells are BAT” Thy-1 ab^. 

If this scheme is essentially correct and there is recruitment of 
young T cells, several predictions can be made and tested 
experimentally. For example, the ageing mouse shows a pro- 
gressive decline in thymic function and a reduced antibody 
response’*, The age-dependent changes in humoral immunity 
may mirror, or even be a consequence of, altered ratios in the 
two T cell compartments, in which case, old mice might resemble 
adult-thymectomised mice. 
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A suppressor mutation in the nematode acting 
on specific alleles of many genes 
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A suppressor mutation has been isolated in Caenorhabditis 
elegans through reversion analysis of a muscle- defective 
mutant. The suppressor mutation acts on specific alleles of 
at least six genes and in one case we have been able to show 
that it partially restores functional gene product to a mutant 
otherwise lacking that product. These and other features of 
the suppressor suggest that it acts at some step in informa- 
tion transfer, perhaps through mechanisms similar to those 
described previously in microorganisms. 
IN intergenic suppression, the effects of a mutation in one 
gene are alleviated by mutations in other genes. Many different 
suppressor genes have been found in microorganisms, where 


restoration of the wild phenotype is achieved by-a variety of 
mechanisms. Some suppressor genes compensate for the ori- 
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ginal mutation by affecting subunit interactions in macromole- 
cular assemblies’*. Others act more indirectly by providing 
alternative biochemical pathways’ or by changing the phy- 
siological balance of the cell**. A particularly important class is 
that of informational suppressors (for review see refs 10-13), 
which alter the fidelity of translation of mutant messages to 
allow the production of functional gene product, by changes in 
either transfer RNA'*’ or some other component of the trans- 
lation machinery’ 

The identification and analysis of suppressor genes in micro- 
organisms have provided an approach to problems that were not 
readily accessible with other methods of study. In multicellular 
organisms, the analysis of mutants and their suppressors might 
lead to the identification of the primary products of genes 
participating in developmental pathways and thereby provide 
some hint of the molecular interactions involved in this complex 
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Table 1 Summary of the results of four 3-factor crosses used to locate sup-5* in LGIII 





Cross Parental genotype z Number of each recombinant genotype obtained 

i el464 + + e1464 + dpy-18 + + dpy-18 
+ tunc-69 dpy-18 : 10 0 

; e1464 ` + dpy-18 + unc-69 dpy-18 + + dpy-18 
+ wnc—69 + 12 8 

i 61464 + + e1464 + dpy-18 + + dpy-18 
+  unc-32 dpy-18 21 0 

4 a aa B lon-1 + + 

lon—1 dpy-19 + 6 0 


To establish linkage, 20 suppressed animals were picked from among the progeny of hermaphrodites of the genotype unc—-15/ +; m/ +; sup-5+, 
with the marker (m) being teste frans to the suppressor The progeny of these suppressed animals were inspected to confirm that the perent was 
for the suppressor and for the presence of the marker. In all cases, except when markers from LGIII were used, the progeny of 
approxhnately 2/3rds of the perents included m animals. With markers from LGII, many fewer parents contained the marker mutation. The mutant 
alleles used in the crosses were wic-69(e587), dpy-18(¢364), dpy-19(e1259) and lon—1(e185Y. For the 3-factor crosses, appropriate double 
mutants were constructed and mated with males carrying the third mutation to obtain the hermaphrodites listed under parental genotype. Among the 
progeny, animals with a recombinant phenotype were selected. In crosses 1, 2 and 3, dumpy animals were picked and progeny of these animals 
examined to determine the recombinant genotype, taking advantage of the observation that dpy—18(¢e364) sup—5(¢1464)/ dpy—18(¢364)+ animals 
are partially but still obviously dumpy and that dpy—18(¢364) sup—5(¢1464) homozygotes are nearly fully wild. From cross 4, long 
recombinants were selected, as dpy~ 19 is epistatic to lon—1. SEALs MONOT BOS [OF A TPC Daan Con mes MOR amed anes presence of 
the suppressor was ascertained by testing with uac—15(¢1214). 

* Gene names in C. elegans consist of an italicised 3-letter abbreviation for a general phenotypic character, (biennale, unc for uncoordinated, 
dpy for dumpy and sup for suppressor) separated by a dash from an italicised number to denote the specific gene, for example, sup-5. When 
appropriate an italicised roman numeral may follow, to indicate the linkage group of the gene, for example, gp SS TEE WE RR E Los D 
lower case italicised letters (used to indicate the laboratory of omgin) followed by an italicised number, for example, ¢1464. e denotes mutations from 
the Cambridge collection and st denotes mutations from the St Louis collection. When-gene and mutation names are used together the gene name is 
followed by the mutation name in parentheses, for example, sup-5(e1464) II. Strain names consist of 1 or 2 non-italicised upper case letters 
(indicating the laboratory of origin) followed by a number, for example, E1464. For most single mutants, strain and mutation names have the same 
letter and number but differ in typecase and by typeface, for example, the strain E1464 and the mutation ¢ 1464. Strains with multiple mutabons are 
designated by the 1- or 2-letter laboratory prefix, a dash and a single upper case letter indicating the type of multiple mutant and number. Thus R is 
used to denote revertant strains, for example H~R215. 


process. Especially useful would be a set of informational only some alleles in several different genes. It also has the 
suppressors, which could then be used to study a wide variety of important property of partially restoring paramyosin in animals 
genes. Although suppressor mutations have been identified in homozygous for ¢1214. These observations suggest that sup— 
melanogaster (see ref. 20 for list), the mechanism 5(€1464) II might be an informational suppressor. 
involved is only partially understood? 7, 
For several years we have been studying mutants with 
abnormal muscle in the nematode Caenorhabdins elegans to Isolation and preliminary genetic 
identify genes involved in muscle assembly. Of the 13 genesnow characterisation of 
known to affect muscle structure (R.H.W., unpublished) 
the products of two are now known: unc 15 I specifies the suppressed strain R215 
paramyosin™ and unc—54 I specifies a major heavy chain of Approximately 10° E1214 animals, treated with 0.05 M ethyl- 
myosin*”** (see footnote to Table 1 for nomenclature). Atboth methane sulphonate’, were deposited on one side of 24 10-cm 
loci we have isolated mutants that produce altered products, as Petri plates. No full revertants appeared over the next three 
well as null mutants in which none of the relevant polypeptide generations, but several plates contained animals with possibly 
product can be detected”. Mutants in these genes are parti- improved movement. Most of these were later discarded but one 
cularly suitable for studies of suppression, for a few animals with strain that showed distinctively improved mobility was retained. 
even marginally enhanced motility can be easily detected against Adults of this strain were larger than the E1214 strain and laid 
the background of the original paralysed mutant. Effects of eggs, and the uniformity of the phenotype in the progeny 
suppression on muscle structure can be screened by polarised indicated that the revertant was homozygous. F, progeny from a 
light microscopy, and biochemical analysis of the consequences cross of the revertant with wild-type males showed that the 
of suppression can be readily carried out with the null mutants. revertant contained the original e1214 mutation as well as an 
Reversion analysis of a large set of. mutants with severely - unlinked suppressor mutation (C. elegans normally reproduces 
defective movement has already been carried out and some as a self-fertilising hermaphrodite. It is diploid, with five 
suppressor genes have been identified (refs 34, 35 and S.B., autosomal linkage groupe (I-V) and a sex linkage group (X). 
unpublished). In none of these cases 1s the molecular mechanism Males, which are hemizygous for the sex chromosome, are used 
of compensation understood. In-particular, Riddle and S.B.~ to transfer genetic material. Heterozygous hermaphrodites can 
have characterised a suppressor (sup-3 V) that partially rever- be allowed to self-fertilise to obtain homozygous animals.) From 
ses the phenotypic effects of many alleles of unc-15, unc-54 this cross a homozygous suppressed strain was re-isolated and 
and unc—87 I, another gene affecting muscle (R.H.W., unpub- propagated as the strain E~R213. To remove extraneous muta- 
lished). This and other evidence suggest that sup-3 probably tions, this strain was first crossed with dpy—5 unc—-15(¢1214)/+ 
acts indirectly. : + males to obtain a dumpy suppressed strain which was in turn 
We report here the identification of a different suppressor crossed with unc—15(¢1214)/+ males to remove the dumpy 
(sup—5 HI) isolated initially in reversion studies of E1214, a marker. This yielded the strain E-R215 which was homozygous 
mutant of unc- 15 that is very paralysed, is fertile, but does not for both ¢1214 and the suppressor allele, designated e1464. 
lay eggs, and contains no detectable paramyosin®. The E-R215 grows better than E-R213,, but motility and other 
suppressor is allele-specific but not gene-restricted, suppressing characteristics do not differ appreciably. 


~~ 
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Mapping the suppressor, e1464, in linkage 
group Ill 


Location of the suppressor on linkage group IH (LGI) was 
determined initially from 2-factor crosses in a homozygous 
e1214 background using general genetic methods described 
previously”. An estimate of 7 map units between dpy-/8 HI 
and the suppressor was obtained, and results with dpy-19 III, 
sma-2 III and lon-1 III indicated that e1464 was located less 
than 4 map units from these markers. As no previously mapped 
suppressors were in this region, e/464 was assigned to a new 
gene sup-5 III. A strain containing the suppressor in a wild-type 
background, E1464, was obtained by elimination of the lon-1 
marker from a lon-1 + / + e1464 animal. 

A male stock of the E1464 strain was generated from spon- 
taneously occurring males to facilitate the transfer of the muta- 
tion in further genetic manipulations. Several 3-factor crosses 
were carried out to position the suppressor more precisely 
(Table 1). In progeny of hermaphrodites of the genotype sup- 
5(e1464)+ +/+ unc-69 dpy-18 in cross 1, all the dumpy 
recombinants contained the suppressor, indicating that sup- 
5(e1464) lies to the left of unc—69 or very close to it. From cross 
2, only 12 of 20 dumpy recombinants contained the trans 
mutation unc-69, clearly placing sup—S to the left of unc-69. A 
third cross was carried out with e1464 trans to dpy-18 and 
unc—32, a gene 3% to the left of unc—69. All dumpy recom- 
binants contained the suppressor. A left-hand limit was 
established in cross 4, where sup—5 was shown to lie to the right 
of lon-1. Crosses 3 and 4 place sup—S very close to dpy-19 and 
unc-32, two genes that are themselves only 0.1% apart (Riddle, 
personal communication). 


Phenotype of E1464 


The E1464 strain moves normally, and its muscle structure as 
observed with polarised light microscopy” is indistinguishable 
from wild type. However, the strain shows some differences 
from wild type. Sterile animals are produced frequently, parti- 
cularly when the strain is grown at 15°C instead of room 
temperature (22 °C). Occasionally, dead early larvae and other 
abnormal forms have been noted. The generation time is 
increased to 7.5d at 15°C from the normal wild-type time of 
5.5 d. Male stocks have been very difficult to maintain. Doubles 
of e1464 with the linked markers e364 and e185 exhibit similar 
characteristics. This fact, together with the several crosses 
undergone in the construction of the E1464 strain makes it 
probable that these properties are due to the suppressor muta- 
tion itself. 


Range of suppression by e1464 


The e/464 suppressor has been combined with a large number 
of different mutants of many genes to test for suppression. While 
mapping e1464, the phenotype of many mutants was found to be 
unaffected by e1464. These include the dumpy mutants dpy— 
5(e61) I, dpy-10(e128) I, dpy-18(e189) Il, dpy-13(e184) IV 
and dpy-—11(e224) V; the uncoordinated mutant unc—32(e189) 
III; the long mutant lon—/(e185) III; and the small mutant 
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Fig. 1 Comparison of total SDS-soluble oroteins from the nema- 
tode strains N2, E-R215 and E1214. Animals were grown in liquid 
culture, collected*° and frozen”” until use. Care was taken to obtain 
cultures of animals in similar larval stages to minimise possible 
developmental variations. 15 yl of a 1:7 (v/v) dilution of each 
sample was applied to an SDS-polyacrylemide gel*”. The gel was 
stained with Coomasie brilliant blue, desteined and photographed. 


sma—2(e502) III (ref. 36). However, dpy—18(e364) III gave 
anomalous results in initial mappmg experiments, and 
subsequently it was shown that e364 is suppressed by e 1464. In 
strains homozygous for both e364 and e'464, animals are nearly 
wild type in length and diameter when grown at 15 °C (Table 2). 

Additional double mutants have beem constructed to test the 
specificity of e¢/464-mediated suppression. In the unc-15 
complementation group, the mutant allele, e73, which results in 
a dysfunctional paramyosin, is not suppressed even though the 
null allele, e1214, is. 

unc—54 mutants have also been studied, as the gene product is 
known to be a myosin heavy chain*” **. More than 30 indepen- 
dent mutations are available, and these 1ave been classified into 
two groups; mutants of the larger class contain no detectable 
unc—54 myosin, whereas those of the other contain approxi- 
mately normal levels of gene product’. This second class is 
assumed to have altered product and, in fact, one mutant, E675, 


Fig. 2 Electron micrographs of body wall muscle from the three strains, N2, E-R215 and E1214. Adult animals grow at 20 °C were prepared 
for microscopy as previously described’’, and transverse sections were viewed and photographed with an AEI EM5B electron microscope. 
Magnification 30,000 x. 
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' Table 2 Mutation suppression by e1464 





Gene Phenotype 
unc~15 I Muscle def (paramyosin) 
unc~54 I Muscle defective (myosin heavy chain) 
unc-13 I Severely uncoordmated 
dpy-18 HT Dumpy 
cat-1 X Catecholamines lacking neuronal processes 
nuc~I X Lacks deoryriboendonuciease 


sas aig aca aes Alleles not suppressed by ¢1464 

e1214 e73 

e576, e1108 e190, e569, e651, 

e1021, e1008,- e675, e903, 

e1419 e1009, e1092, 

e1115, e1168, e1201, 

61258, e1274, e1300, 
1315, e1328, e1420, 
stl, 42, 83 

e312, e376, e309, e323, e328, 

e450, e1091 €973, e1038, e985, 
e387, e51, e158 

e364 e499 

ellil- TESNE NA 

el392 +, ; NA 





Doubles of the suppressor with each of the above autosomal mutations were constructed by the elimmation of markers closely linked either to the 
suppressor or to the mutant to be tested. For example, E1464 males were mated with the double mutant unc—54; sma-2, and six paralysed or slow F2 


progeny (those homozygous for unc~54) were selected. The progeny of each anima! was inspected for 


ra np nate eh vita 


segregate small progeny were assumed to be homorygous for e1464, as sma—2 is less than 2% from sup-5. For sex-linked mutants, 


evaluated directly by observing the phenotype of males produced 


nuc—1(¢1392), 63 of 148 male progeny were suppressed and with cat-1(¢1111), 60 of 129 males had-suppressed 


om a cred Of Dalani hermaphneainca with «1464/4 mala Ta he caedi 


in good agreement with 


phenotypes, 
the predicted ratio, All the mutations listed, as well as those described m the text, were isolated after EMS treatment” except e903 (X-ray 


mutagenesis)”, ¢1258 (DES mutagenesis) and ¢1168 and e1201 (ICR-22 mutagenesis) 


those which showed clear 


personal communication). Some of the mutants of 


unc—15 (ref. 29), unc~54 (refs 30,31), unc-13 (ref. 36), nuc—1 (ref. 38), dpy—18 (ref. 36), and cat-1 (ref. 37) loa have been described previously. Only 
phenotypic 


has been shown to contain a small internal deletion in its heavy 
cham*’. Of the 22 null mutants tested, five show clear pheno- 
typic suppression. The suppressed animals move even as adults, 
lay eggs and ‘attain a full adult-size. Nonetheless, suppressed 
animals move much more slowly than wild type and are clearly 
distinguishable from them. Neither e675 nor e1274, mutations 
resulting in altered proteins**”’, is suppressed. 

Several independent mutants that arè extremely uncoor- 
dinated have been isolated in unc-13 I. Reversion studies had 
been previously carried out with mutants in unc—13 and several 
alleles had been found to be suppressible by unlinked suppres- 
sors (S.B., unpublished). Of 13 alleles tested, four are suppres- 
sed by e1464. When both the suppressible unc-13 allele and 


e1464 are homozygous, animals have nearly wild-type move-, 


ment; suppression is also apparent in animals homozygous for 
the unc—13 allele but heterozygous for the suppressor. The 
suppressor mutation is semidominant. To teşt the effect of 
temperature on the su strains, all the double strains 
have been grown at 15 °C and 25 °C. In all cases, the suppression 
is more pronounced in animals grown at 15 °C, consistent with 
the idea that the difference in suppression at the two tempera- 
tures is associated with the suppressor per se. These observations 
correlate with the increased sterility and slow growth noted at 
15 °C in the E1464 strain. 

Lastly, mutant alleles of two genes that have no lakonin to 
muscle function or structure have also been tested. One, cat- 
1(e1111) X, alters the distribution of formaldehyde- induced 


fluorescence in catecholamine-containing neurones”, and the ` 


other, muc—1(e1392) X, results in the loss of detectable deoxy- 
riboendonuclease activity”. Phenotypically, the latter mutation 
results in the persistence of pyknotic nuclei of cells undergoing 
programmed cell death and in the presence of undigested DNA 
in the lumen of the digestive tract; these alterations are easily 


detected in Feulgen-stained animals. Clear suppression of both . 


mutations was found when the Suppressor was present only in a 
single dose (Table 2). 


Mechanism of suppression 


Because the protein products of unc—15 and unc—354 genes are 
known, suppressible mutations in these genes facilitate the 
determination of the molecular consequences of suppression. 
The E1214 strain contains essentially no paramyosin and virtu- 
ally no normal thick filaments in the body wall muscle cells” 


suppression were scored as positive. NA , no other independent mutants are available for this locus. 


(Figs 1, 2). When the total SDS-soluble proteins from the 
suppressed strain R215 are analysed by polyacrylamide gel 
electrophoresis, a faint band with a mobility similar to the 
paramyosin band from N2 is present, whereas among the E1214 
proteins no such band is seen (Fig. 1). In addition, a protein has 
been purified from E-R215 showing mobility identical to wild- 
type paramyosin on SDS gels, but the yield of paramyosin is only 
about 10% of that obtained from wid type. Paracrystals have 
been prepared from R215 paramyosin and, when viewed with 
the electron microscope on negatively stained grids, they seem 
to be similar to paracrystals of wild-type paramyosin. Cyanyl- 
ation cleavage of the E-R215 protein with 2-nitro-5-cyano- 
benzoic acid’ results in five fragments which have the same 
mobility on peop Bel enanoer colnes SUEY Rue: type paramy- 
osin. 

The structure of E1214 body wall muscles is also affected by 
the suppressor. By polarised light microscopy, E-R215 shows 
an increased birefringence, mostly localised in poorly defined, — 
nearly longitudinal bands (presumably A-bands). In electron 
micrographs of transverse sections, E-R215 displays several of 
the ultrastructural features of E1214, but in addition, clusters of 
filaments having the diameter and appearance of wild-type thick 
filaments are present among abundant thin filaments. These 
thick filaments are much less numerous and less well ordered 
than in N2 (Fig. 2). 

Preliminary analysis of the suppressed myosin mutant strain 
unc-54(¢576); sup—5(e1464) indicates partial restoration of 
wild-type muscle structure. Myosin has been purified from the 
strain, but because myosin heavy chains in C elegans are the 
products of more than one gene™”’, it is more difficult to 
determine if the unc—54 myosin is restored by the suppressor. 


' However, cyanylation cleavage yields peptides that are unique 


products of the unc-54 heavy chain*’, and initial experiments 
indicate partial restoration of these peptides i in unc—54(e576); 
sup—5(e1464). The large number of mutants in this gene may 
allow us to determine whether the restoration of gene product 
by the suppressor always correlates with alae aNEDESS 
sion. 


| Conclusion 


Our expermments show that e1464 suppresses mutants of several 
different genes, including two that code for muscle proteins, as 
well as others that are clearly not related to muscle. In the genes 
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in which several independent mutations are available, only a few 
of the mutants are suppressible; most are unaffected by e 1464. 
~The extent of phenotypic suppression is different in mutants of 
-different genes: unc-15 and unc-54 mutants are weakly 
~ suppressed, whereas with dpy-18, unc~13, nuc-1 and cat-I 
mutants a nearly wild-type phenotype is restored. These pheno- 
typic differences probably reflect the functions of the gene 
products, as the weakly suppressed mutants involve proteins 
that are required stoichiometrically to form the muscle lattice. 
One of the well-suppressed mutants, nuc-I, affects an enzy- 
matic function, and perhaps the others do also. 

In E-R215, the suppressor partially restores the specific gene 
product (paramyosin) affected by e1214. This is also apparently 
the case with the suppressible myosin mutants. It is likely that in 
the double mutant sup—5(e1464); nuc~1(e1392), endonuclease 
activity has been restored, but no direct tests have been carried 
out. | 

The suppressor is semidominant, or dose dependent. The 
heterozygous suppressor e1464/+ is clearly effective in the 
strongly suppressed mutants, and a slight effect of the heterozy- 
gous suppressor can also be detected in unc~15 and unc-54 
mutants. It should be feasible to demonstrate some restoration 
of paramyosin in ¢1214/e1214, ¢1464/+ animals. The 
suppressor alone exerts a deleterious effect on the animal, 
particularly at low temperatures, where suppression of mutant 
phenotypes is greatest. a 

None of the unc-15 and unc-54 mutants which contain 
altered gene products is suppressed and the suppressor seems to 
act only on a subset of null mutants. We do not yet know why the 
null mutants are devoid of gene product. If ethylmethane 
sulphate produces principally G to A transitions in the nema- 
tode as it does in microorganisms”, then nonsense mutations 
producing premature chain termination are likely to account for 
most of the large set of null mutants. As yet, no truncated 
-fragments have been identified in these mutants, but it is possi- 
` ble that they are degraded after formation or lost in purification. 
The mutant E675 does contain a shortened chain, but this 
results from a small internal deletion which leaves the C- 
terminus intact. Thus the e/464 mutation may be a specific 
nonsense suppressor analogous to those found in micro- 
organisms, perhaps acting through an altered tRNA species. On 
the other hand, the suppressible mutations may affect some 
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Contribution of intermediate luminosity 
X-ray galaxies to 
the background: Anon 0945 — 30 


EVIDENCE that the galaxy A0945 — 30 is a new extragalactic 
X-ray source has been found from an analysis of rotating 
modulation collimator (RMC)' quick-look data collected from 
53 orbits of the SAS 3 X-ray observatory during the period 26 
February-2 March 1978. The exposure is approximately 7 x 
10° cm? s. The galaxy lies within the error boxes quoted for 
4U0945 — 30 and 2A0946 — 310 but is not one of the previously 
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suggested candidates. A faint star alongside the galaxy also lies 
in the 90% confidence X-ray source error circle (Fig. 1). The 
data are consistent with a point source’. The flux from the source 
varied by a factor of about five durimg the period of our 
observation. 

The SAS 3 RMC data alone do not allew a unique spectral fit. 
Fortunately, data from HEAO 1, (R. F. Mushotzky, personal 
communication) give a photon number imdex y = 1.82 0.1 anda 
hydrogen column density of Ny, =3 +1 x= 10° cm”? for a power 
law spectrum extending to about 35 keV. Using a 2 keV low- 
energy cutoff the SAS 3 data yield a sope identical with the 
HEAO 1 value. The X-ray flux density is (4.5+0.6)x 
107% erg cm’? s"' Hz™' at 10°* Hz (4.14 keV) and the 2-10 keV 
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Fig. 1 The SAS 3 90% confidence error circle (radius = 35") 

superimposed on a photograph of A0945—30. The measured 

position of the X-ray source is a(1950)=9h 45min 28.4s, 

6(1950) = —30°42’'36" and the position of the galaxy is a(1950) = 
9h 45 min 28.43 s+ 0.13 s, (1950) = —30°42'57.0+ 1.7”. 


X-ray flux is (7.7+0.3)x10°'' ergcm™*s"'. The measured 
heliocentric radial velocity is 2,498+15 kms ' and, with H,= 
50kms`*Mpc™', the average X-ray luminosity is ~ 
2.2x10* ergs™'. 

The hydrogen column density inferred from the X-ray spec- 
tral cutoff indicates that the galaxy A0945 —30 rather than the 
star is the X-ray source. In the source direction, the hydrogen 
column density in the Galaxy is at most ~ 2 x 107’ cm™ (refs 3, 
4), nearly an order of magnitude less than the column density 
obtained by Mushotzky (personal communication). 

Recent observations by Liller (personal communication) 
indicate that the galaxy is an early type spiral (possible an Sa) 
with a bright nucleus. Detailed optical observations of the galaxy 
and the star were made with the new digital spectrograph on the 
1.5-m telescope at Mt Hopkins observatory. The star is an F 
dwarf with no indication of emission features. Plates in the 
Harvard collection covering this field show no evidence for long 
term variability of the star (L. Chaisson and J. P. Huchra, 
personal communication). Spectra of the galaxy in the red 
(4,500-7,000 A) and blue (3,900-6,000 A) show sharp, inter- 
mediate strength emission lines of [Out], [Nu] and Ha together 
with strong Mg, Fe, Ca absorption features characteristic of a 
normal stellar continuum in the galactic nucleus (Fig. 2). The 
absorption-corrected absolute magnitude of the galaxy is ~ 
— 20.0. No significant HB emission is present. The other emis- 
sion lines present are just resolved at the instrument resolution 
of ~200 kms’ ' FWHM or 300 kms~' FWOI (full width zero 
intensity) (Fig. 2). This width is considerably smaller than the 
widths of 1,800 and 1,100 kms‘ FWOI reported by Ward er al.° 
for HB in the X-ray emitting galaxies NGC2992 (2A0943 — 
140) and NGC7582 (2A2315—428). The width is also smaller 
than the ~ 1,800 kms ' FWOI for HB (refs 6,7) in NGC 5506 
(refs 8,9). NGC 2992, NGC 7582 and NGC 5506 are similar to 
weaker type 2 Seyferts. The emission line equivalent widths are 
much smaller in A0945—30 than in NGC 5506 (20A as 
opposed to 200 A for A5007 A) which could be due to larger 
extinction of the nuclear source; the correction for dilution by 
the galactic continuum in our long slit (4” X 25”) observation only 
increases the emission line equivalent widths for A0945 — 30 by 
a factor of ~ 2. The excitation of both galaxies is quite high with 
[(A5007)/1(HB)~ 10 in NGC5506 and 2 20 in A0945 — 30. 


. 10” ergs” ' Mpc”*. The required number density of 10*° erg s 
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Our optical observations of the galaxy A0945—30 strengthen 
the case for its identification with the X-ray source. Previously, it 
would have been unreasonable to identify A0945—30 with 
4U0945 — 30 or 2A0946—310 because of the large area error 
boxes associated with these non-modulation collimator obser- 
vations. Identifications would be made only when well-known 
objects which are members of established classes of X-ray 
emitters were in the error box. 

A0945—30, NGCS5506, NGC2992 and NGC7582 are 
members of an X-ray optical luminosity class characterised by 
X-ray luminosities of ~10** ergs’ and with —20.5<M,< 
—19.0. The number density of all galaxies in this absolute 
magnitude range is ~ 10-* Mpc™ (ref. 10). The 10“ ergs 
X-ray galaxies could, therefore, be numerous and it is interes- 
ting to speculate on the possibly significant contribution of 
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Fig. 2 a, A spectrum of A0945—30 obtained during a 15-min 

integration with the new digital spectrograph on the 1.5m Mt 

Hopkins telescope. b and c, enlarged sections of the spectrum 

showing prominent emission and absorption features. The data 

have been smoothed to the resolution limit of about 5 A. The 
detector has a resolution of ~ 1.8 A per pixel. 


objects in this range of the X-ray—optical luminosity function to 
the X-ray background. 

In the 1-20 keV range the X-ray background intensity (EF) = 
8.5E-°°*°? keV (keV 'cm™*s7! ster’) (ref. 11). If the emis- 
sivity of extragalactic X-ray sources per unit co-moving co- 
ordinate volume is independent of cosmological epoch, then 
already-known classes of discrete sources (Seyferts, quasars, 
clusters of galaxies) can account for at most 40% of the X-ray 
background'*. The X-ray luminosity density required to account 
for the remaining 60% of the background intensity is = 
sources is 10°* Mpc *. To account for the background, only 1% 
of galaxies in the magnitude range — 20.5 < Ma = — 19.0 need 
be 10*° erg s~™' X-ray emitters. 
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The background spectrum (a =0.5+0.2) in the 1-20 keV 
range could be produced by discrete sources with a range of 
power law spectra. One consistent model for the distribution of 
spectral indices is a gaussian with mean spectral index a = 0.5 
and dispersion Ac = 0.4 (ref. 13). The spectra of A0945 —30 
(a =0.8+0.1) NGCS506 (a =0.3+0.3) and NGC7582 (a= 
0.3+0.4)(R. Mushotzky, personal communication) are all in the 
expected range. 

Uhuru observations reveal fractional fluctuations in the 2- 
10 keV background intensity of 61/7 =3.6£0.5% for an 
effective solid angle of 0. = 0.004 ster (ref. 11). If the 10° ergs’ 
sources are randomly distributed with mean density 10~* Mpc”, 
the expected &J/I ~ 2%, consistent with the observational limıt. 
If these X-ray emitting galaxies are clustered in the same way as 
the general galaxy population”, the fluctuations are increased 
by at most a factor of 2. 

The X-ray luminosities of individual clusters of galaxies (~ 
10“ erg s~*) (ref. 12) provide another constraint on the accept- 
able fraction of ies like A0945—30. Photometry of four 
X-ray clusters’*’® indicates that the expected mean number of 
10** ergs * X-ray galaxies is at most one per cluster. 

The SAS 3 RMC survey covers ~5% of the sky to a limiting 
flux of ~2.5X 1077 erg s~ cm™?. A 10“ erg s~* source could be 
detected at a distance of ~60 Mpc. If the mean density of 
sources is 10°*Mpc™ the survey should have detected 4-6 
sources in the 1-2 10** ergs”' range. The detection of three 
sources (A0945 —30, NGC5506, and NGC7582) indicates that 
these galaxies may be sufficiently numerous to account for 
~50% of the X-ray background. The number of sources 
required is also consistent with the number of unidentified 
sources in the high latitude ((6"|>20°) Uhuru (ref. 17 and C. 
Jones, personal communication) and Anel’* surveys which have 
limiting 2-10 keV sensitivities of 5x107"! ergem ° s™ and 
6.1x 107" ergcem™ s7? respectively. ses expect Uhuru detec- 
tion of 20-30 of these 1-2 10* ergs™' sources and Ariel 
detection of 15-20 such sources. To o podu ~ 50% of the 
X-ray background intensity we require less than half of the 
completely unidentified high latitude sources in either survey to 
lie in this intermediate X-ray—optical luminosity range. 

We thank A. Epstein, B. Flannery, R. Giacconi, D. Latham, 
F. Pineda, F. Rosenberg and J. Tonry for discussions and 
assistance with the observations, also R. Mushotzky for use of 
his data before publication. This work was supported in part by 
NSF contract AST76—22675, NASA contract NAS5-11450 and 
MIT subcontract $C221572. - 
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SS Cygni as a hard X-ray source 
identified with the I 
modulation collimator on HEAO 1 


X-RAY emission from the dwarf nova SS Cygni was first detect- 
ed at soft (~} keV) X-ray wavelengths when the source was in 
an optical high state’. More recently, ANS satellite observers‘ 
have reported the detection of soft X-ray emission when SS 
Cygni was in an optical low state. These latter observations show 
the flux of the soft X-ray source to be about an order of 
magnitude less than the values when ir. the optical high state. 
The soft X-ray positional uncertainty -s ~ 0.2 deg’. The cor- 
relation between optical and soft X-ray behaviour convincingly 
identifies SS Cygni as a soft X-ray source. Hard (> 1 keV) X-ray 
emission from a 15’x1.5° area containing SS Cygni was also 
reported by the ANS observers during the optical low state and 
identified with SS Cygni*. A more accurate position (0.03 deg”) 
has been reported by Ariel 5 observers’. We report here a 
0.4 arc min? measurement of the position of the X-ray source 
with the HEAO 1 modulation collimator experiment which 
leads to an unequivocal identification cf SS Cygni as an X-ray 
emitter in the 2—10 keV energy range. We have also searched 
the Uhuru data to investigate the historical light curve in hard X 
rays. 

The + Y axis instruments of the HEAO 1 satellite were 
pomted at SS Cygni for two orbits on 16 December 1977, when 
it was in an optical low state. The modulation collimator (MC) 
experiment data were binned’ about the position of SS Cygni. 
We used only one orbit of data (~ 1 h of observing time) because 
of problems in the determination of tte aspect for the second 
orbit. Moreover, we rejected an additional 18% of the data 
when there were rapid changes in the background level. 

The ANS and Ariel 5 error boxes were used to reduce the 
multiplicity in our positional determina-ion. Five MC diamonds 
(Fig. 1) are within the ANS error bcx and only one, which 
includes SS Cygni (Fig. 2), is in the Arel 5 error box. The area 
within this diamond is 0.4 arc min’. This is a more than 200-fold 
improvement with respect to previous results*”, and definitively 
confirms that SS Cygni is a bard X-ray emitter. 

The MC flux (2—6) keV is (1.7+0.5)* 107° erg cm~? s~! with 
an additional 30% systematic uncertamty. The fit of the three 
A-3 spectral channels to a bremsstrahlung spectrum with Gaunt 
factor and low energy cut-off gives an equivalent temperature 
kT >10 keV and a low energy cut-off < 0.2 x 107 Ny an’. 

Oscillations of small amplitude (< 0.002 mag) with a period 
of 9.75+0.03s have been reported in the optical flux of SS 
Cygni during an optical maximum (Robinson, personal com- 
munication). We searched our data for periodicities, by folding 
according to different trial periods anc calculating the x° value 
for the hypothesis of a constant flux. We did not find any 
significant enhancement in y? that could be attributed to the 
presence of pulsations for periods in the range 5-20 s. The 3a 
upper limit for the pulsed fraction is ~ 13% for periods consis- 
tent with that of the optical pulsations. 

We have investigated the historical ight curve in hard X rays 
by analysing all the relevant Uhuru data. SS Cygni was in the 
Uhuru field of view (0.5° x S°FWHM) and not confused with 
nearby sources in 12 d of observations. These data are scattered 
over 1.5 yr, but they are always coincident with an optical low 
state. In two instances there was marginal evidence for source 
detection in the 2-6 keV band: at an intensity of (4.412.7)x 
10° ergem™’s™* on 20 June 1971 and at (9.043.2)x 
107" erg cm™*s7' the following day. These are of the same 
order as the ANS and HEAO 1 fluxes. Ariel 5 observed SS 
Cygni for a period of 120 d (ref. 5) including both low and high 
optical states. While the equivalent 2-6 keV flux during low 
states is highly variable between 7 and 30x 107"! erg cm™’ s~}, 
in the + pepe eae state there is onl¥ an upper limit (2c) of 
6x107 
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Fig. 1 One of the multiple MC positions (diamonds) falls within 

the previous location uncertainty measured by ANS (ref 4) and 

Ariel 5 (ref. 5). This region has an area of 0.4 arcmin’, and 
contains SS Cygni near its centre 


The X-ray luminosity of SS Cygni in the 2-10 keV energy 
range is then of the order of 10” ergs™’ (for a distance of 
~ 200 pc) in the optical low state and probably at least an order 
of magnitude less in the high state. In contrast, the soft X-ray 
luminosity increases by an order of magnitude between the 
optical low and high states: from 2 to 30x 10° erga™’ respec- 
tively. The average spectral behaviour (0.25-10 keV) of SS 
Cygni thus shows two distinct states correlated with the optical 
behaviour: the effective spectrum seems to soften during the 
optical high states. 

SS Cygni is the brightest of the dwarf novae, with a visual 
magnitude ranging between 12.1 at minimum and 8.1 at maxi- 
mum (see reviews by Glasby* and Robinson’). Its light curve 
shows outbursts that repeat with an average period of 50.6 d, but 
with a range of periods between 33 and 71 d. It is a spectroscopic 
binary system composed of a normal late type star orbiting about 
a white dwarf with a period OER re ite Seance both 


Fig. 2 Enlargement of the POSS region containing SS Cygn, 
showing the MC location precison. 
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components are estimated to be in the range 0.8-1.0 Mo- The 


continuum emission seems to be yellow at the minimum of the 
light curve and blue—violet at the maximum. The spectrum is 
characterised by hydrogen emission lines at the beginning of the 


- rise to the optical maximum and hydrogen absorption lines that 


become broader while the luminosity reaches the maximum. 

It is believed (see Paczynski in Prepmnnt No. 73 of the Polish 
Academy of Sciences) that the white dwarf and its accretion disk 
are the source of the optical and ultraviolet as well as the soft 
X-ray emission in the dwarf novae. There is observational 
evidence that links the emission and absorption lines to the 
accretion disk”. The soft X-ray flux could either originate from 
the boundary layer of the disk and the white dwarf’° or from the 
surface of the disk which could behave as a corona’? (B. Pac- 
zynski, personal communication). The limited information on 
the hard X-ray emission does not permit us to discriminate 
between these two hypotheses. A coronal model can explain the 
inverse correlation of the soft and hard X rays which is also true 
if accretion on to the white dwarf is the production mechanism of 
the hard X rays. In the coronal hypothesis the soft and hard 
X-ray fluxes both originate in the accretion disk, due to the 
interaction of magnetic fields and plasma, analogous to the solar 
corona. As discussed by Galeev et al.'’ The hard X-ray fiux can 
be produced in magnetically confined plasma (loops arising from 
the disk surface) while the soft X-ray flux arises from regions of 
less intense magnetic activity. The ıncrease in the soft X-ray flux, 
which could result from an increase in the accretion rate during 
the optical maximum, would cause a decrease in the hard X-ray 
flux by comptonisation. If accretion on to the white dwarf is the 
production mechanism of the hard X rays, as in the model of 
Fabian et al'*. the anticorrelation of the soft and hard fluxes 
could be explained by a variation ın the optical thickness of the 
region emitting hard X rays. This might result from the increased 
density of the accreting gas during the optical outbursts. The soft 
X-ray flux, which originates further away from the surface of the 
white dwarf, is not likely to be affected in the same sense. 
Instead, the increase in the temperature of the accretion disk 
during optical maximum could enhance the soft flux. The 
accretion mechanism for SS Cygni is discussed in detail by 
Ricketts et al.*. The lack of a cut-off at the low energies ın the 
hard X-ray spectrum of SS Cygni is consistent with the ~ 35° 
inclination of the orbit of the yam and with accretion from a 
disk. 

We thank B. Paczinski and J. Grindlay, and J. Matte: of the 
A.A.V.S.O. for useful discussions, and M. Conroy and T. 
Wilson for help in the data analysis. We thank the other 
members of the modulation collimator experiment team at the 
Harvard—-Smithsonian Center for Astrophysics and the MIT 
Center for Space Research for their contributions, and J. Swank 
and D. Hearn for discussion of data before publication. The 
ANS error box for SS Cygni was provided by J. Grindlay. This 
research was sponsored by NASA contracts NAS8-30453 and 
NAS8-27972. 
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Long-term variability 
of galactic X-ray sources 


THE long-term (days to months) variability of 32 persistent 
galactic X-ray sources brighter than Cas A in the energy range 
3-10 keV is discussed here, using data from the MIT expenment 
on the OSO 7 satellite’. For each X-ray source, we compiled a 
list of counting rates for all observations made during the first 
600d of operation of the experiment’ (typically six or seven 
observations for each source). The results in these lists show the 
well-known high variability of the massive early-type X-ray 
binaries. Of special interest, however, are the variability 
characteristics of the sources associated with old populations. 
These include several near the galactic centre which are 
generally referred to as ‘bulge’ sources, and several which are 
known to lie in globular clusters. They share certain similar 
X-ray characteristics, namely, spectra which are markedly softer 
than those of massive binaries and an apparent absence of 
pulsations and eclipses**. Because of their similarities, it has 
been suggested that they are all systems of the same kind, such as 
neutron stars in low mass binary systems’, or the products of 
core collapse in globular clusters’. However, our results show 
that the long-term variability of the bulge sources is generally 
much less than that of the sources which lie in globular clusters. 
This suggests that there is a substantial difference between the 
bulge and globular cluster sources either in their nature or, at 
least, in certain critical properties of their components such as 
the masses of the nuclear-burning companions which may 
supply the material for accretion by compact objects in binary 
systems. 

Only those sources at galactic latitudes in the range |b™|< 10° 
were included in our study. An average counting rate was 
derived for each observation of each source. A typical obser- 
vation lasted several days and was separated from other obser- 
vations of the same source by periods ranging from a few days to 
a few months. The duration of each observation was sufficiently 
long to average out the effects of eclipses of the X-ray binaries. 
We considered only data from our 3-10-keV detectors because 
they were largely uncontaminated by solar X rays or trapped 
particles. For this study we selected a subset of sources that were 
sufficiently bright so that variations of intensity > 10% would be 
discernible. Specifically, we chose those sources for which, 
during at least one observation, a counting rate greater than two 
standard deviations above 2.5 counts s~ was measured. This 
intensity is roughly that of the Perseus Cluster and the Cas A 
X-ray sources, generally believed to be nonvariable and which 
could, therefore, be used as standards (see ref. 2 for details). 

For each source we computed a parameter which measures 
the variability from observation to observation. This parameter 
is defined by 


Se ke _ Lao) 
£=a/X where =< (i/o?) 
and a = (20-0 i aya 
2,(1/07) 


where x, is the counting rate for each observation and g, is the 
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statistical uncertainty associated with each counting rate. The 
summations are carried out over all the observations of the 
sources ın question. x is the mean counting rate and a is the 
r.m.s. deviation of the counting rates from this mean. (Each 
intensity measurement is weighted by its errors, see ref. 10.) & 
defined as a/ xX, represents a measure of the fractional fluctuation 
of the x, about Z (We have not considered, in detail, the intensity 
distribution functions of all the sources.) 
We also computed a parameter defined by 


1 
Ag=6/x where =R 


G is taken to be the magnitude of typical errors in the intensity 
measurements. The parameters of all the sources were 
computed for the two sets of data collected by the detectors 
behind the 1° and 3° collimators separately’. 





0 02 0.4 0.6 
Hardness ratio (KR/AR) 


Fig. 1 The variability measure ¢ is plotted against the spectral 

hardness (KR/AR) for the sources listed in Table 1. Standards (S) 

are the Crab Nebula, the Perseus Cluster and Cas A; GB (X)}, 

galactic bulge sources; GC (W), sources in globular clusters; B, 

binary X-ray sources; and T, transient. X-ray sources. Those 

sources in Table 1 that are not yet known to be one of the above 
Classes are plotted as dots. 


Table 1 summarises the results on all the sources that satisfy 
the above selection criteria. The value of £ listed for a source is 
the higher one from the two data sets. If the values of ¢ measured 
for a source are comparable in the two sets, the one with a 
smaller A£ is listed. Also listed are the value of Aé and the 
number of observations (v) for that source. We emphasise that 
Aé should not be viewed as an error for ¢ but merely as an 
indication of the counting statistics in the various measurements. 
For an X-ray source with constant intensity, the expected value 
of € is ~A€é. The sources in Table 1 are ranked in increasing £; 
also included are the Crab Nebula, the Perseus Cluster and 
Cas A which are generally believed not to vary significantly on 
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Sa r i Os a es 
Table 1 Variability characteristic of galactic X-ray sources 





é Ag 
X-ray source (x100) (x100) 
3U0531+21 O 4 4 
3U0316+41 , 5 6 
3U2321+58 5 5 
3U1744 — 26 8 ` 7 
3U1758— 20 8 7 
3U1758 — 25 9 4 
3U1728 — 16 9 1 
3U1811~—17 12 8 
3U1813—14 12 1 
3U1624—-49 13 21 
301735 ~— 44 15 9 
3U 1642-45 15 6 
3U1636—-53 16 6 
3U1837 + 04 16 5 
3U1755 — 33 18 9 
MX1709 ~40 18 8 
301746 ~ 37 20 >- 13 
3U1956 +35 20 10 
3U0900 -- 40 27 9 
MX1608 — 52 30 13 
3U2142 +38 31 1 
3U1728 — 24 36 7 
3U2030 +40 40 ; 7 
3U1223—62 50 : 25 
3U1820 — 30 63 13 
3U1658 — 48 67 7 
3U1320~-61 70 30 
3U1258-61 103 14 
3U1705 — 44 127 38 
3U1516-56 132 15 
MX1746—20 152 12 
3U1118—60 153 24 
3U1908 +00 218 6 
3U1630—47 231 -9 
3U1543—47 304 51 


jmd snd 


pow 


— 
NOAA mH AAAS AAA ATR RRA OAR DQIOMAAHAQAAAUAARA * 


pi 


Detector Class* Comment 

3 Crab Nebula 

3 Perseus cluster 
3 Cas A 
3 GB GX3+1 
3 GB GX9+1 
3 GB Gx5-1 
3 GB GX9+9 
3 GB GX13+1 
3 GB GX17+2 
1 F =335°, b” = 0° 
1 GB Burst source 
3 GB GX340 +0 
1 Burst source 
3 Ser X~—1, burst source 
3 GB 

‘4 GB 
3 GC NGC 6441 
1 BI Cyg X~—1 
3 BI Vela X—-1 
1 
3 B Cyg X-—2 
1 B GX1+4, pulsar 
3 B Cyg X-3 
1 BI GX301-—2, pulsar 
1 '’ GC NGC 6624, burst source 
1 GX339—4 
3 
3 GX304 — 1, pulsar 
3 Burst source (?) 
3 B Cir X-1 
T GC NGC 6440 
1 BI Cen X—3 
3 Agl X—1, transient (?) 
i Recurrent transient 
1 Transient ' 





* GB, galactic bulge; GC, globular duster; B, binaries (?); BI, binaries associated with young massive primaries. 


the time scale under study. The observed values of € and A£ for 
these sources indicate that they are nonvariable (within an 
uncertainty A£). As systematic errors affect the results for weak 
sources a 
sources brighter than Cas A. 

Figure 1 shows the relationship between longterm variability 
and spectral hardness as characterised by the ratio of the count- 
ing rate in the 15—40-keV channel to that in the 3-10-keV 
channel’. As expected, Table 1 and Fig. 1 show the high 
variability of young massive binary sources (BI). In contrast, the 
bulge sources (GB) are, for the most part, either steady or only 
slightly variable. The six least variable sources (excluding the 
‘standard’ sources) are GB sources. The absence of long-term 
variability is, therefore, a distinguishing characteristic of the 
bulge sources. 

The sources in globular clusters (GC), on the other hand, vary 
in about the same degree as the young binary sources. Although 
the sample of GC sources is small, two of the three in our list are 
much more variable than any of the GB sources. Three other 
globular cluster sources, NGC1851, NGC6712 and M15, which 
failed to make our list because of their low intensities, are also 
known to be highly variable‘. 

Sources of type I X-ray bursts are’ found both inside and 
outside globular clusters (for example, the burst source asso- 
ciated with the globular cluster NGC6624 (refs 12, 13) and 
MXB1735-44 which is identified with an isolated faint blue 
star'*'*; for detailed properties of X-ray burst'sources, see ref. 
17). It seems likely that the globular cluster sources and all the 
type I burst sources, both inside and outside globular clusters, 
form a class of similar objects, ies and G.C. in preparation). 


They could, for example, be non-magnetised neutron stars in 
low-mass binary systems (see ref. 18 for a model). If the bulge 
sources near the galactic centre are, as we conjecture, of the 
same nature, then the systematic difference in the long-term 
variability must be attributed to differences in some critical 
parameter(s) affecting the mass transfer process. One such 
parameter, for example, may be the mass of the nuclear burning 
companion. The typical mass of the nuclear burning companion 


‘of an X-ray binary in the core of a globular cluster would be 


~0.5 Mo: Low-mass X-ray binaries formed outside globular 


‘clusters such as by the evolution of cataclysmic vaniables’® may 


have nuclear burning companions with masses of ~1.0 Mo. 
We thank Professors C. Canizares, J. Ostriker and S. 
Rappaport for helpful discussions. 
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Definition of a black hole 


TIPLER has given a new definition for a black hole’. These 
objects had previously been properly defined only in asymp- 
totically flat spacetimes’, but it seems unlikely that our Universe 
is one of these. One of the well known properties of a black hole, 
proved in asymptotically flat spacetimes, 1s that its “surface area’ 
can never decrease. By means of this new definition Tipler has 
shown that this area theorem may well not be true in our 
Universe. However, Tipler’s definition is complicated, and it is 
not obvious that it corresponds to our usual concept of a black 
hole. I show here that it is equivalent to a definition that is both 
simpler and more clearly a formalisation of what we mean by a 
black hole. 

I use the notation of refs 1 and 2. Let T be the set of points of a 
stably causal spacetime which belong to non-cosmological 
trapped surfaces. Tipler defines a black hole as the closure of the 
topologically-smallest future set J* such that I~ contains T, and 
the boundary of J* ıs generated by (future inextensible) null 
geodesic segments which are boundary generators of TIPs. 

We would like a black hole to contain T. It should not be 
possible to escape from a black hole, so the hole should also 
contain I* (T). Furthermore, any points from which it is 
impossible to avoid falling into a black hole might as well be said 
to be within that hole. That 1s, a black hole should be the closure 
of B= D(I"(T)), I shali show that B satisfies the conditions set 
out by Tipler for I*. 

B is a future set: suppose xe B and yel™ (x). There is a 
future directed timelike curve from x to y. If it meets I*(T) then 
yelI*(T), so y€ B. H it does not meet I~(T), it must do so when 
extended along any future directed non-spacelike curve a from 
y as x € D (I*(T)). Therefore, any such a meets I*(T), so y € B. 

The boundary of B is generated by null geodesic segments 
which are boundary generators of TIPs: let x be on the boundary 
of B. Let (x,) be a sequence of points lying to the past of x, not ın 
B, with x as their limit point. There ts a future mextensible 
non-spacelike curve y, from each x, that does not enter I(T} 
By proposition 6.2.1. of ref. 2 there is a future inextensible 
non-spacelike curve y from x which is a limit curve for the y,. 

As B is a closed future set y can never leave it. As no y, can 
enter B, y cannot enter the interior of B. But I*(y)c€ B, so y 
cannot enter its own future. Therefore, it must be a null 


ic. 

I(y) is a TIP (see ref. 3}. As y cannot enter its own future it 
cannot enter its own past, I (y). Therefore, it is a boundary 
generator of I (y). 

It remains to be proved that B is the smallest such 7”. It has 
been shown that from any point on the boundary of B there is a 
future directed null geodesic y that does not enter the interior of 
B, so cannot enter I*(T). Therefore, the boundary of B 1s not 
part of B, and B is open. 

Suppose there is an J~ that is contained in B but not equal to 
it. We can then find a point p which is in B but not in I*. Let a be 
a future directed timelike line from p. It must meet I*(T), and 
hence must enter I~. Let it cross the boundary of I* at y. There is 
a future directed null geodesic generator y of the boundary of I* 
from y. It is future inextensible, and cannot enter I*(T) as 
otherwise it would be in the interior of I~. Thus, by proceeding 
from p along «a to y then along y, we can construct a future 
mextensible non-spacelike curve from p which does not meet 
I*(T). This contradicts p € B. 
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Therefore B is the smallest such I”, and the black hole defined 
by Tipler is exactly D(I"(T)). 
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Neutrinos from binary pulsars 


PULSARS are believed to produce high energy particles. If high 
energy protons produced by the pulsar strike a target, say a 
binary companion, high energy neutrinos are produced in the 
collisions. At the same time, schemes for detecting high energy 
neutrinos produced in nature are currently being considered 
(refs 1—4 and K. Lande, personal communication). Here we 
point out that bi y systems containing moderately young 
pulsars (ages T<1 , that 18 comparable to NP0532) may 
emit high energy neutrinos (10°*< E, < 10 eV) at detectable 
levels. Such pulsars are assumed to have total luminosities of the 
order 10™ ergs™'. Discussion of feasible neutrino telescopes 
(such as/the deep underwater muon and neutrino detector, 
DUMAND'*) suggests that fluxes from point sources as small 
as 107-1 eV em~? s~} in high energy neutrinos may eventually be 
detectable. Neutrino detectors on a more modest scale, such as 
that of Lande (personal communication) will be operatin dey T 
1-3 yr, and have detection thresholds of 10% eV cm”? s 

a pulsar emitting 3X 10™ ergs™* in high energy ee a 
3 kpc would be detectable even with Lande’s detector, and the 
DUMAND detector may be able to detect sources that are 
weaker by three to five orders of magnitude. 

We assume that at least some of the pulsars emit a fair fraction 
(=1%) of their energy in the form of high energy protons 
(10° < E, <10'* eV). This energy range is consistent with the 
upper limit? of the potential near the star 


Views = 10**(B/10? GXN/200 sF V (1) 


where B 1s the magnitude of the magnetic field at the stellar 
surface, and Q is the frequency of rotation. That young pulsars 
can produce very energetic particles 1s implied by the very 
energetic (E, = 10’? eV) pulsed y rays® emitted by NP0532. The 
energy in the protons ıs converted efficently to high energy 
neutrinos if either the protons traverse more than ~50g of 
material, or they traverse a column density of 10” photons cm™ 
in photons that are not too far above the pion production 
threshold in the rest frame of the protons. In each ease, the 
protons are stopped by pion and kaon producing processes, and 
the charged mesons that are produced decay into three neu- 
trinos and an electron. Roughly half the energy in the orginal 
proton goes into high energy neutrinos, which typically have 
energies of the order 107*E, to 107'E, (ref. 3). 

There are several plausible ways in which the high energy 
protons might encounter enough target material to convert 1% 
to 50% of their energy to neutrinos. 

If the companion star fills its Roche lobe, rt could occupy 
nearly half the sky as seen from the pulsar, thus blocking a 
proportionate fraction of the high energy protons. Moreover, 
the overflowing material may completely engulf the pulsar. 

Accreting matter can pile up at the magnetopause (which in 
the case of a pulsar would be made up of very low sie He 
electromagnetic Alfven waves). It has been suggested’* that 
such a pile up occurs ın several intermediate and rapidly rotating 
binary X-ray sources. 
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Or, the accreting matter might settle into a disk much smaller 


than the binary orbit, and much larger than the light cylinder. 
Such a disk could have a random orientation relative to the 
rotation axis of the pulsar, and could block a fair fraction of the 
protons leaving along open field lines. Moreover, as the disk may 
be substantially heated by such protons, it is likely to have a 
corona that completely engulfs the pulsar. 

Besides being a target itself, matter near the pulsar can scatter 
and trap photons that also may serve as a target. To fix the ideas, 
suppose that 10°" ergs”! of X rays are emitted by the pulsar and 
diffuse away from it through surrounding matter. Assume the 
scale height of the photons is 3 x 10° cm and that their mean free 
path is A(A <3 10° cm). Then the density of photons at the 
scale of 3 x 10" cmis 3 x 10'°(A/3 x 10% cm)" ', enough to stop all 
the protons by photopion production. 

Finally, we discuss stellar winds. Suppose the pulsar’s 
companion is an OB supergiant. Motivated by standard models 
of binary X-ray sources’, we assume a mass loss rate M = 
10°°Mo yr’, a wind velocity near the pulsar of V = 300 km su, 
and a binary orbit radius of 3*10''cm. Then the column 
density of the wind surrounding the pulsar is of the order of 
(depending on direction) 1-10gcm™’, thereby providing a 
significant target. Reasonable parameters for red giants, M = 
3x10°Moyr', v=10kms', R=3x10" cm, yield a 
comparable column density. Pulsar emission impinging on the 
companion could stimulate a wind regardless of its type as has 
been suggested’® for the case of Cyg X3. 

Assuming a pulsar formation rate of one every 10 yr (ref. 11), 
there ought to be ~ 10° moderately young pulsars in the Galaxy 
at present and more if pencil beaming effects allow a selection 
efficiency of only a few per cent. Older pulsars, though less 
powerful, are more numerous, and may also be detectable in 
neutrinos. Direct evidence that neutron stars can form without 
disrupting the binary system (such as binary X-ray sources) 
combined with the observation that a significant fraction of all 
stars (at least ~50% (ref. 13) perhaps most'*) are in binaries 
allows the hypothesis that a significant fraction of these young 
pulsars are in binaries. 

One route for binary pulsar formation particularly favourable 
to neutrino production is that a helium star or white dwarf, 
accreting the Roche lobe overflow from a red giant companion, 
becomes massive enough to explode, leaving a pulsar. (An 
explosion is not necessary, the pulsar may form quietly'?.) Just 
after the explosion, the companion to the young pulsar is 
automatically in the stage where its extended envelope and 
overflow play a significant role as target material. 

It is difficult to predict the a priori probability of detecting, by 
conventional means, any pulsars that might exist in binary 
systems. First, there are beaming effects. Moreover, if there is 
some mechanism that accelerates pulsars to ~250 kms"! at 
their inception (refs 15, 16 and refs therein), only the ones that 
are tightly bound—to relatively massive companions—are 
likely to remain in their binary orbit. Hence accretion clouds 
become an important factor. Most binary pulsars are unlikely to 
appear in radio surveys as their accretion clouds and the coronas 
of their companions would generally have plasma frequencies in 
excess of the radio. (The only binary pulsar found by Hulse and 
Taylor had a compact companion; one might expect many more 
with main sequence companions) If they are blanketed by 
more than 1 g cm~’, their pulsation could not be detected at any 
frequency, and if by more than ~30gcm™, no non-thermal 
photons are likely to escape because they would first be 
degraded to energies below 10 keV, where they would then be 
absorbed by partially ionised iron and oxygen'*'”, 

Cyg X3, generally presumed to be a pulsar in a binary system, 
is blanketed by ~10gcm™ (ref. 10), and is deduced to be a 
pulsar only by virtue of its y-ray emission. Cyg X3 itself may be 
detectable in high energy neutrinos if it emits =10°° ergs™! in 
high energy protons. There may also be a whole class of objects 
like Cyg X3, but obscured by much thicker envelopes. 

Hefand and Tademaru”* noted a distinct class of pulsars with 
very low transverse velocity. To account for this, they suggest 
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that ~20% of all pulsars form in close binary systems, probably 
in a ‘cataclysmic binary’ sequence such as outlined here. (The 
pulsar is later released gently from the binary as the companion 
sheds mass.) High energy neutrino astronomy would provide an 
opportunity to test such a hypothesis. Converseley, their hypo- 
thesis suggests that there may be many interestin g astrophysical 
phenomena to observe with neutrino telescopes. We emphasise 
that if high energy particles generated by the pulsar manifest 
themselves by bombarding the corona or envelope of the 
companion star, the mesons and photons they produce are 
directed into the star. Hence high energy neutrino astronomy 
may be the only way to detect high energy phenomena in such 
systems. 

I thank Dave Schramm, Ken Lande, Art Roberts, Paul Joss, 
Saul Rappaport, Jonathan Katz, Steve Margolis, and Bruce 
Fryxell for useful discussions. This research was supported by 
NSF contract AST 76-21707 and NASA contract NGL 14- 
001-001. 
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Constraints on 
the corona model for Sirius B 


SINCE the discovery of Sirius as a soft X-ray source’, two models 
have been proposed to account for the emission—thermal 
emission from deep layers of an almost pure hydrogen atmos- 
phere*, and an acoustically heated corona around the white 
dwarf (WD) Sirius B (ref. 3). Both models seem unsatisfactory in 
some respects: the thermal emission model does not agree with 
the recently revised upper limits found from extreme UV 
observations’, and the T.,, of Sirius B is much too large for 
H-convection. In this note we re-examine the constraints on the 
corona model in the light of historical records suggesting a 
possible pseudo-red giant phase a few thousand years ago. 
Sirius B does have an H-atmosphere, and with Ten being 
32,000 + 1,000 K (ref. 5), the atmosphere is stable against con- 
vection. If it is accepted that the corona is due to the dissipation 
of the acoustic flux produced in subatmospheric convective 
layers, then for Sirius B to have a corona there must be an 
He-convective region beneath the atmospheric H-layers. 
Fontaine® argues that in this case the acoustic flux produced 
would be much too low to satisfy the energy requirement to heat 
the corona. However, the theory of corona formation is not well 
developed’, and the computation of acoustic fluxes is critically 
dependent on the theory of superadiabatic convection. Hence, if 
convection survives in the subatmosphere of Sirius B, we cannot 
exclude the corona model. In fact, Lampton and Mewe’® recently 
revised the energetic requirements for white dwarf coronae and 
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claim that the corona around Sinus B may exist, provided that 
the H-layer is very thin. 

The theory of white dwarf envelopes is already sufficiently 
good to quantify what ‘very thin’ means. The H mass My must 
be larger than the mass which provides Rosseland optical depth 
r=], as we see an H-atmosphere, but smaller than the mass 
which does not allow He-convection to survive. We constructed 
atmosphere and subatmosphere models for Sirius B according to 
the data given in refs 9 and 10. The models consist of an 
H-envelope down to a fixed mass point, of a x zone, in which the 
chemical composition smoothly changes from H to He (ref. 11), 
and of an He mantle. At the T.s (from 30 to 33x 10° K) and 
gravity (corresponding to M =1 Mo) of Sirius B we find 2x 
10'°<s My, <10” g. 

It is difficult to believe that Sirius B is born exactly with this 
H-envelope. We might expect that ıt was born with a pure He 
atmosphere, like DB white dwarfs, and that it accreted H from 
the stellar wind of Sirius A during the white dwarf lfetime 
(t= 3-4. 10’ yr, ref. 12). Since it is now clear'*’* that He white 
dwarfs do not accrete from interstellar matter at the rates 
predicted by Bondi’s accretion formula’’, but the geometrical 
accretion rate is appropriate’°, one may derive the mass loss rate 

(M) from Sinus A which accounts for the required My, simply 
as: 


My, = MtaR?/(4 2d?) 


where R, is the Sirius B radius (5.5 x 10° cm) and d the system 
separation (20 AU). This relation provides 3x10°" = M< 
2x107? Mo yr", which 1s not an unreasonable rate for a 2Mo 
star. Therefore, the corona model for Sirius B cannot be 
excluded on the basis of these arguments. If the white dwarf, 
corona-like emission were confirmed, we should know, with an 
uncertainty of a factor of only 10, the rate of mass loss from 
Sirius A. 

However, we feel that the historical record of Sirius being a 
red star should not be dismissed as unplausible. Most of the 
references to this (Greek, Roman, E tian) were collected at 
the end of last century by Schiaparelli‘*’’, who did not believe 
that Sirius could have changed colour, because, in his time, the 
theory of stellar evolution predicted that stars evolved from 
white to red, and then to total darkness—‘as a piece of iron 
cooling from white heat’. Further historical quotations—not so 
complete—are given by See”, who, unlike Schiaparelli, 
believed that the historical evidence strongly suggested that a 
colour change had taken place. If the historical records are to be 
believed, Sirius must have changed colour from red to white 
between the epoch of Ptolemy (AD 100) and the epoch of 
Al-Sfifi (AD 980), within 800 yr. 

We now know with reasonable certainty that the age of Sirius 
as a white dwarf cannot be so low, but we also know that hot 
white dwarfs are not always ‘normal’ stars: instabilities connec- 
ted to H burning in thin shells can be found, and these may last 
few thousand years’’. Therefore, we cannot rule out the possi- 
bility that Sirius B went through a pseudo-red giant phase a few 
thousand years ago. 

In this context, we emphasise that the sudden expansion of the 
outer envelope of a white dwarf is always related to H burning, 
which may occur only if the H envelope of the white dwarf 1s 
large (210 g), and the expansion for a few thousand years is 
never able to completely remove this envelope. In other words, 
if the historical record is true, then the H envelope of Sirius B 18 
orders of magnitude larger than the envelope required for He 
convection to survive, and the corona model is wrong. 

Hence, if it ıs found that Sirius B does indeed produce a 
corona-like emussion, and if further study of historical records 
and archaeological evidence indicates a pseudo-red giant phase, 
the theory of generation of a corona by acoustic flux dissipation 
must be seriously questioned. The acoustic flux model will also 
be in doubt, if the coronal X-emission is shown to arise from 
Sinus A, since Sirius A, like Sirius B, cannot have subat- 
mospheric convection. 
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If the Sun has a companion... 


HARRISON’ has suggested on the basis of pulsar data that the 
Sun might have a companion. This letter discusses some of the 
implications if such a companion is a compact object, more 
precisely a neutron star (NS) or a black hole (BH). Using existing 
accretion results, it is argued that it is impossible to rule out 
cither a NS or a BH as a possible candidate. However, con- 
straints can be placed on the allowed mass range and/or radia- 
tion mechanisms. If such a compact object exists, the probability 
of observing the gravitational lens effect can be substantial. 

The case for a low-mass star, a black or a white dwarf has been 
discussed by Henricks and Staller? who concluded that such an 
object would be conspicuous in the visible or IR sky and would 
probably have already been detected. The situation for a NS ora 
BH is not quite so clear and one needs to consider in more detail 
the luminosity achieved through accretion. 

Because a weakly bound binary system may not survive the 
explosion leading to a NS or a BH, we only consider the simple 
case of a close encounter between our Sun and its postulated 
temporary companion. The probability of such an encounter or 
its perturbing effects on planetary motions will not be discussed 
here. The accretion rate M is of the order M =4rG M? 
po/ (a3 + v7” where p and ay are the density of the unpertur- 
bed ambient gas and the corresponding speed of sound, and M 
and v are the mass and velocity of the compact object. As 
ao~ 10 km s-*(T/10° K)'” and as we expect 0» 10 kms", the 
accretion ratet will be of the order Mœ 
3X 107°°(M/Mo)*(no/1 cm ™°Xo/10 kms‘)? Mayr’, where 
Ny 18 the particle number density of the unperturbed gas. Taking 
first the case of a BH and using previous results obtained for 
spherical accretion from a medium at T = 10* K (as ap is then of 
the order 10kms™, this is equivalent to considering a BH 
moving through the interstellar medium at v= 10 kms"), we 
write the total luminosity in the form** 


Len = Agu(M/Mo) (no/1 cm™)*(0/10 km s~') 


where the quantity Ay, and the spectral energy distribution 
depend on the details of the model. (For the models considered 
here, Apy ~ 107’—107 erg s~!) As for accretion on to a NS, most 
(if not all) of the energy is radiated away so that Lpg= 
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nGMR™ M, where R is the radius of the NS. Taking n =0.3 
and M/R~10Mə/Ro for a 1MəNS, and assuming 
a crude mass—radius relationship of the form MR’ ~ constant, 
the total luminosity takes the form Ig =Ayns(M/Me)” 
(no/1 cm™\v/10kms"')*, where Ayy™10™ ergs’. Again, 
the spectrum depends on the detailed processes by which the 
radiation is emitted. 

Taking the distance d to the companion (as determined by the 
required acceleration of order 10° cm s~? for the Solar System) 
to be d= 800(M/Mo)'7AvU, we can now obtain the apparent 
visual magnitude V and expected X-ray intensity J in c.p.s. 
(counts per second) in the range 2-6keV (1 count~1.7x 
107** erg cm™), provided the spectral distribution of the radia- 
tion is known. For different parameters the quantities V and I 
vary according to 

I = const xX M" 'nio™ 
V=const+2.5((1-—a)log M —b log no+3logo) (1) 


with (a, b) = (3, 2) for a BH and (10/3, 1) for a NS. With respect 
to the X-ray intensity I, we note that on the basis of X-ray data? 
there are 14 sources in the e ' direction of the 
companion, that is 17 h 30 min <RA < 19 h 52 min, 27 < 8 < 
32°. Six of these are close to the general direction to the galactic 
centre and thus probably associated with it, so we need not 
consider them. Of the eight sources left, all have an intensity 
<270 c.p.s. 

Figure 1 shows V plotted agajnst log T giving the results 
corresponding to various radiation ipoe e around accreting 
NS or BH for the case np= 1cm”?, v= 10 kms" and Mus = 
1 Mo, Mnn = 10 Mo- The fact that each case i is represented by 
an area instead of a point reflects the uncertainties in estimating 
the amount of energy emitted in the visible and X-ray bands. 
(The IR magnitude K also’ generally correlates with the V 
magnitude so that a bright visible object would also be a bight 
IR object.) The three NS results are labelled 1, 2 and 3 on Fig. 1. 


Fig. 1 V magnitude and (2-6 keV) X-ray intensity J correspond- 
mg to various radiation processes, discussed in the text, around 
accreting NS$ (dotted areas 1, 2 and 3) and BH (hatched areas 4, 5,6 
and 7). The ters used are: Mo™1lcom”, Ma” l Me 
Mpu = 10 Me and o = 10 km s~“ _ The threo arrows on the left of 
the diagram illustrate the shift ın the position of three arbitrary 
points (@) if M and v are changed as shown. Arrows leading to 
points marked X and Y refer to specific changes discussed in the 
text. An object could have possibly remained undetected until now 


Oe ee on the diagram lies inside the region ` 


indicated by the heavy line, that ıs V >9, a pa 







log 1 (c.p.s.) 
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As the emitted spectrum is complex and depends strongly on the 
actual physical processes (for a review of accretion on to a NS, 
see ref. 7), we have not tried to represent realistic situations. 
Instead, we have assumed some simple radiation mechanisms to 
illustrate the wide range of possible results. Hence, cases 1 and 2 
correspond respectively to black-body emission at T= 10°— 
10°K and bremsstrahlung at T~10”K (in the latter case, 
comptonisation if taken into account would augment the high- 
energy end of the spectrum). In case 3, a shock above the surface 
is assumed to heat the electron’ to a high temperature of the 
order of 10 K, and V and J are estimated by assuming that the 
bulk of the energy 1s in the form of y rays and that the spectral 
distribution does not increase at lower energies. The four BH 
results, labelled 4, 5, 6 and 7, were obtained from earlier work 
on accretion. For the chosen models, the emission is pre- 
dominantly due, in case 4 to radiative recombination and 
bremsstrahlung’, in cases 5 and 6 to electron synchrotron radia- 
tion", and in case 7 to bremsstrahlung, thermal and cosmic 
ray electron synchrotron radiation”. 

Clearly, for either a NS or a BH, the results are very sensitive 
to the details of the emission process. In particular, a NS 


_companion can certainly not be ruled out, especially because 


increasing the velocity to 100 km s~‘, and taking a lower mass 
(all observed NS masses” seem to lie in the range 0.3 M/Mo% 
1.2) substantially favour the possible existence of a NS 
companion (all points get shifted diagonally downwards parallel 
to the arrows on the diagram). As for a BH candidate, if 
Shvartzman’s model or Mészáros’ is the correct one (areas 6 or.7 
on Fig. 1, large synchrotron luminosity including contribution 
from cosmic ray electrons in Mész4ros’ case), then a BH 
companion, in order not to be one of the brightest objects in the 
visible sky, would have to have either »*10kms™' or M« 
10 Mo or both (for example, a 1M. BH moving with velocity 
o=100kms™' would have V~9). Note that a BH of 1M. 
would have to be primordial in origin. It is interesting that, 
taking the maximum allowed cosmological density’° of BH and 
a velocity of the order 100 km 8~’, an encounter at the required 
distance every 10*-10° yr is expected independent of the mass of 
the BH (both the number of BH, and the square of the distance 
depend linearly on the mass of the BH). On the other hand, 
taking SHapiro’s model or equivalently assuming the magnetic 
field to be relatively unimportant (areas 4 and 5 on Fig. 1), then 
one sees that a BH with M<10Mo and o#10kms™ could 
easily have remained undetected until now. Wright'’ has 
suggested a supermassive black hole of M >6x10° Mg moving 
with v >9 km s™* as a possible solar companion. Compared to a 
10 Mo BH, such a BH would have a luminosity larger by a factor 
of order 4 x 10° (corresponding to ~14 mag). Regardless of the 
accretion model adopted, this BH would be very conspicuous in 
both or either of the visible and X-ray sky and is thus highly 
unlikely as a candidate. 

Could one of the already observed X-ray sources be this 
postulated companion? Of the eight aforementioned X-ray 
sources listed in the 3U catalogue’, one, 3U1832 —23, lies on 
the ecliptic (thus minimally disturbing the orbit of the planets). 
For this source F = 6.9 + 0.9 c.p.s. If this source were the solar 
companion, then we could certainly rule out cases 1, 5, 6.and 7. 
On the other hand, assuming the kind of simple spectra used in 
Fig. 1, a NS having M = 1Mo5, o~10 kms’ could possibly be a 
candidate but only if electrons were heated to a very high 
temperature (case 3, but then it should also be a strong y-ray 
emitter). Another possibility would be a NS with a basically 
thermal bremsstrahlung at Tœ10°K (case 2) pro- 
vided (M/Moy (0/10 kms*')*>~2x107* (this change of 
parameters would shift the position of a point in dotted area 2 
diagonally to a point X at V~21), a typical example being 
M~=0.3 Mo, v™140kms"'. An accreting BH with a simple 
bremsstrahlung spectrum (case 4) could also be a candidate if 
(M/M (0/10 kms"')*~200. This resulting increase in 
luminosity -(shift to a point Y on Fig. 1) could be achieved, for 
example, with a 150 Mo BH moving at o>=10kms™. Such a 
BH would be at d ~= 9,000 AU and would have a proper motion 
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jto = 45 a arcs yr” 1 and parallax m= 


20 arc s, with a the ratio of 
tangential to total velocity. 




















It has been assumed so far that a value of no = 1 cm ? is typical | 
of the interstellar 1 dium. The actual density outside the Solar 
System’® may well, however, be only of the order 0.1 cm™*. If 


this is the case. 
reduced by afi 


iminosities derived from accretion are then 
00 for a BH and 10 for a NS, thus making 
t even less conspicuous. 

st is the question of whether gravita- 
ted companion can have observable 
as briefly commented on this point. 
ability that the compact object will 
ing an angular displacement and 
i kground stars. To appreciate the 
angle is the angular radius of the 


tional lensing by 
consequences. \ 
We calculate he 
act as a movin 
brightening ‘up i 
angles involved. 
annular image 
ment. This angle 
by | 








al iie angle a, used by Refsdal °) is given 


ares s M/ Mo)“ 


where the. distance- T 
companion and act that this distance is considerably smaller 


than the star-déflector distance. For a seeing disk of 1 arc s, the | 
above relationship shows that the deflectorand primary image’ 
(the only one we consider here) are separately resolved. The 
amplification factor, defined as the ratio of the lensed flux to the | 


unlensed flux is given by” A=1(2+(a/B)+(B/a)), where a’ 

a, + B*, ao = 2 Yo and B is the angular separation between the 
_ position of the deflector and that of the source in the absence of 
light deflection (8 = 0 for perfect alignment). The corresponding 
magnitude change is Am = 2.5 log A. The angular Position of 
the primary image with respect to the deflector is given by 
_a@«=4}(a+B) so that the position of the image is apparently 
shifted by the angle 6 = a.— B = (a — B)/2. Defining a charac- 


teristic transit time T as the time during which the magnitude of 


the image m- satisfies m — Am/2 < m-< m+ Am/2, m being the 
unlensed magnitude, we find T= 2(8i,2 B°) u~ yr where 
Bız is the value of 8 corresponding to a change ney 2 and m is 
the net angular velocity of the deflecting mass, including proper 
motion jy and parallax a (in arcs yr‘ if B is in arcs). 

Given a plate limit Mym, the probability P of observing an 
angular displacement of magnitude =ô or equivalently achange 
in magnitude =Am can be computed by summing the separate 
ee Ps corresponding to background stars of magni- 
tude m, Pn = = 2BpA,,(60)~ yr ', where Am is the number of 
stars'* per square degree in the visual magnitude range m +4and 

-B and yw are expressed in arc s and arc s yr ’, respectively (the 
summation P= $P formally extends to œ; however, for stars 
with m > Mim» the required change in magnitude i is not Am but 
Am +(m—~ Mim), thus giving an observable change of Am). 
Keeping all other parameters constant (such as the magnitude 
and direction of the tangential velocity), the various quantities 
scale with the mass as follows: w=c,M'”, po= cM "and 
hence u = cM, P= cM ™* and T = c;M°““, where the c’s 
are all constant. The quantity N= PT where T is an average 
transit time (stars with m > Mym have a shorter transit time with 
a lower probability of occurrence) is entirely independent of u 
and scales as M`. It is a measure of the number of days in a year 
where gravitational lensing is in progress. (We can interpret a 
value of N larger than 365 as meaning that a number of order 
N/365 lensings are occurring simultaneously.) 

The results of the calculations are shown in Table 1 and Fig. 2 
for a 1 Mo object. The chosen net angular velocity w= 
550 arcs yr™ has the same value as the proper motion of a 1 Mo 
object having a tangential velocity of 10 kms™*. (Its annual 
parallax would be 250 arc s.) These results are easily generalised 
to different values of the parameters by using the appropriate 
scaling laws. 

Table 1 shows that the angular shift is a much more noticeable 
effect than the accompanying brightening up. Fora 1 M. object, 
it is also clear from Fig. 1 that, unless Mim = 21, one does not 
expect numerous lensings giving a deflection of more than 1 arcs 














or Am = 0.1. However, the probability ofabservin 
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source when there is perfect align- 18, 21 and 24, each transit lasting about 4d. Hence, a 1 Mo 


elation is used for the postulated 















Table 1 Typical parameters characterisi 
of a nearby 1 Mọ object having net angul 


Am 0.0002 0.001 0.01 0.05 © 
ae(arcs) 12.6 8.44 4.75 3.19 
B(arcs) 124 8.18 4.30 2.51 
ô (arcs) 0.17 0.26 046 0.68 
T (d) 10.40 6.96 3.90 2.56 


0.37, 1.27 





See text for scaling laws. 





of order 0.4 arc s (not an unreasonable vzlue) rises to 0. 0.8, ae 35 : 
des of respectively 15, 





object would be detected by (say) taking four or more plates 
down to Mum = 21 at intervals of three nights. 

As for a 150 Mo BH (hypothetical. 3U1832-~23 case), a 
deflection ê 2 0.5 arc s (corresponding t 14 ares on Fig. 
2) should be observable roughly 0.6, 6, 3 O times per yr 
for Mim = 15, 18, 21 and 24, respectivelr, t it ti 
being of order 515 d (about 1.4 yr). Nc 
(transit time) increases (decreases) by: 
tangential velocity of the order 100 k 
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transit time of only 1.4d. aie aia 
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underestimating its value on th i 
probabilities by a factor of the nd, of course, if the 
presumed compact object is br an the dimiting magni- 
tude, its proper motion alone will make. t P PIOU, 


Fig. 2 The quantity N,/2 and p bability P, of observing a 

gravitational deflection greater than or of tie order 5, fora 1 Me 

object (hence the subscript) having. net angular velocity p= 

550 arcs yr. The correspondin -quantidies for other masses, 

other parameters being the same are given: ay P= PaM Moy Un 

N =N, (M/Mo) and 8 = 8,(M/Mo)" ae “strictly speaking P, is 
the ES numberof ae per year). 
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In conclusion, a temporary companion to our Sun in the form 
of a NS or a BH could have remained undetected until now. 
Constraints can be placed, however, on the allowed type of 
spectrum and/or mass and velocity ranges accessible. In parti- 
cular, if np = 1 cm” and if the magnetic field plays an important 
part, we can almost certainly rule out any BH which has M> 
1 Mo and v < 100 km s™. On the other hand, if an encounter 
with a compact NS or BH is in progress, it could be possible to 
observe the gravitational lens effect, especially if one knew more 
precisely in which direction to look. Perhaps some photographic 
observations of the error boxes associated with the eight afore- 
mentioned Uhuru sources would be worthwhile, starting with 
3U1832—23. At worst the data obtained could be useful for 
alternative work such as variable star or proper motion survey; 


at best, one will have the satisfaction of having observed the 


(most likely) closest compact object. 
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Evidence for long-period 
global oscillations of the Sun 


THE results of our observations of the solar potassium 
resonance absorption line at 7,699 A using integrated solar light 
from the McMath telescope at Kitt Peak together with an atomic 
beam resonance scattering apparatus are reported here. In two 
long runs on successive days we observed wavelength oscil- 
lations of large amplitude with a period close to 160 min. If, as 
we believe, these oscillations are produced by motions of the 
photosphere, they provide evidence for oscillations of the entire 
Sun. We describe our experimental method, the analysis of the 
observations, and the results we obtain, and compare these with 
previous results. 

Resonance scattering of light from a beam of free atoms is an 
ideal technique for making precise absolute measurements of 
the shift in wavelength of the light relative to the reference 
wavelength of the beam atoms. We have used this technique 
previously to measure the solar gravitational redshift’ and to 
observe the 5-min radial oscillation of small regions of the 
photosphere’. We give here only a brief outline of the method as 
modified for our present observations. 

Flat mirrors placed in the main beam of the McMath telescope 
directed integrated ight vertically downwards into our 
apparatus, where it passed through a 3/16” entrance aperture, a 
7,699-A interference filter with a 16-A FWHM and a motor- 
driven circular polariser unit which alternated the sense of 
circular polarisation at a frequency of about 23 Hz The light 
then passed through a lens and the upper pole piece of a 
variable-field permanent magnet into a vacuum chamber placed 
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between the magnet poles where it was focused on a horizontal 
beam of potassium atoms produced in a nearby oven. Unscat- 
tered light was absorbed in a blackened tube placed below the 
beam while light resonantly scattered in a direction perpendi- 
cular to the beam passed through a short horizontal fibre optics 
light pipe to a dry-ice-cooled photomultiplier tube. The 
magnetic field was set at its maximum value, roughly 1,800 G, to 
produce a Zeeman splitting of the beam atom resonance 
absorption line into two lines whose wavelengths corresponded 
to the steeply sloping sides of the integrated solar potassium line. 
The two opposite senses of circular polarisation of the input light 
produced resonance scattering by beam-atoms at these two 
different wavelengths, so that the system switched back and 
forth between opposite sides of the solar line at a frequency of 
23 Hz. For small wavelength shifts of the solar line, the ampli- 
tude of the photomultiplier output signal at 23 Hz was propor- 
tional to the shift. This signal was fed to a Keithley 417 
picoammeter whose output went to a Keithley 822 phase- 
sensitive detector (PSD) provided with a 23-Hz reference signal 
from the circular polariser unit. The d.c. output of the PSD was 
measured by a Keithley 172 digital multimeter and recorded by 
a Keithley 750 printer. . 

We incorporated several features designed to eliminate 
possible slow variations in the telescope alignment and instru- 
mental effects. First, we diverted light from around the entrance 
aperture to an image-forming system so arranged that when the 
image was kept accurately fixed in position by photoelectric 
guiders the direction of the integrated light entering the aperture 
was also kept fixed. Second, we continuously monitored on a 
chart recorder the average value of the picoammeter output 
signal corresponding to the average of the scattered light 
intensity from both sides of the solar line as well as the stray light 
scattered from the walls of the vacuum chamber. At intervals we 
recorded this signal with the potassium beam turned off, to 
measure the stray light alone. Third, at intervals we recorded the 
PSD output with the beam turned off, to measure instrumental 
effects such as polariser asymmetry. . f i 

Our observations were made on 13 and 14 June 1977; we 
report here only those made during the same continuous time 
interval on both days. The PSD tme constant was 10 s and in our 
data:analysis we used recorded PSD outputs at 1.85-min inter- 
vals. After subtracting from each PSD output value the value 
with atomic beam off and then normalising it using the net 
beam-on minus beam-off average picoammeter output, we car- 
ried out a least-squares fit of the resulting data to the known 
variation of wavelength with time’ produced by the Earth’s 
motion. This known variation was used to calibrate our appara- 
tus. Finally, we averaged the residuals in groups of eight, 
corresponding to a time interval of 14.8 min, and plotted them in 
Figs 1 and 2. 


Fig. 1‘: Residual wavelength variations of the solar potasmum 
absorption line at 7,699 A using integrated light. Each point i8 the 
average of eight residuals over a 14.8-min period. The dashed sme 
curve has a period of 160 min and its first peak occurs at 20 58 UT. 
The expected location of a peak, based on the data of Kotov ef al. 
lies in the range indicated by the two arrows. A positive residual 
"corresponds to ascending motion oa the Sun. 
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At the start of both runs the data seem to scatter randomly. : 


Regular variations then appear with considerably greater ampli- 
tude than the:notse. Kotov etal.” have presented evidence for 
periodic variations in the wavelength of an iron line at 5,124 A, 
with several different periods, one of which is 160.004 min and 
has an associated amplitude of about 1 ms~’. These variations 
remained in phase over a three- year period from:1974 to 1976 
- and were consistent with the more limited observations of 


Brookes et al.* on the potassium line with a technique similar to’ 


ours. Figures 1 and 2 show 160-min sine curves fitted by eye to 
our data: 160 min is apparently very closely the proper period, 
but the locations of the peaks only roughly agree with the 
expected locations based on our extrapolation’ of the data of 
Kotov et al. which lie in the ranges indicated on the figures by 
double arrows. (To make this e 
peak occurred between 4h 47.5 min and 5h 7.5 min UT on 4 
August 1974, and that the oscillation period was 160.004 min. 
See Fig. 6 of ref. 3. If the period is-‘actually 160 min then nine 
complete oscillations will occupy exactly 24h so that on suc- 
cessive days the peaks should occur at the same times. We 
observed a peak on 14 June at 21.10 UT, which is 12 min later 
than the peak at 20.58 UT on 13 June.-A possible explanation is 
that the period of oscillation of the potassium line is 161.3 min. 
This would link our data on the two successive days very nicely 
as well as fitting the data even better. 

The power spectra calculated for these two runs showed 
enhanced power in the range of long periods and also other 


peaks but we do not trust the results because of the limited. 


amount of data available. It seems that when there are large 
oscillations obviously present in a data string, such an analysis is 
- not very useful and is difficult to justify, particularly when each 
run is only three oscillation periods long. Furthermore, we are 
wary of attaching too great a significance to the specific periods 
associated with peaks in the power spectrum as the periods for 
which power is calculated are determined by the total data string 
length and are widely separated. 

We believe that our method of data analysis has eliminated 
possible instrumental variations as the cause of the observed 
wavelength oscillations. We do not see how variations in the 
Earth’s atmosphere could cause such an effect and we conclude 
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that we have observed a solar effect associated with global 
oscillation. The large amplitude of the oscillation relative to that 
observed by Kotov et al. as well as the apparent difference in 
phase still require explanation. Detailed discussion of the 
expected oscillation-periods according to various solar models 
can be found in ref. 3 and other references listed there. 
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Measurement of “Be in 
1,000- and 5,000-year-old Antarctic ice 


MEASUREMENT of radionuclides by nuclear accelerator spec- 
trometry may lead to wider application of measurement of 
long-lived cosmogenic isotopes to archeological, geophysical 
and astrophysical problems (see ref. 1 for further details of the 
viously” discussed the prospects for the 
"Be and reported the successful measurement of this 
isotope using both the internal? and the external’ ion sources of 
the Grenoble cyclotron. ‘Be (half life = 1.5 x 10° yr; ref. 4) is 
formed by the interaction of cosmic rays with the Earth’s 
atmosphere, and then precipitated out into various geophysical 
reservoirs such as marine sediments and polar ice’. The Be 
profile in these reservoirs can thus be used to search for evidence 
of historical variations in parameters (geomagnetic field, solar 
modulation, primary cosmic ray intensity) which influence the 
deposition rate. We report here the use of the accelerator 
technique for the determination of ““Be concentrations in 
samples of Antarctic ice believed to be about 1,000 and 5,000 yr 
old. The only published measurement for '°Be in polar deposits 
is that of McCorkell et alf who made their measurement on a 
sample extracted from 1.2 x 10° 1 of Greenland ice. The present 
measurements were made on samples from 101. We believe this 
difference is indicative of the tremendous potential that is 
offered by the accelerator technique. 

The samples studied were taken by a group from the Labora- 
toire de Glaciologie de Grenoble during the recent successful 
recovery of a 900-m ice core at Dome C in East Antarctica’. 
During the coring operation, a certain amount of meltwater 
occurs. This water was recovered and passed through cation 
exchange resin in the form of resin impregnated filters (Acropor 
SA-6404, Gelman). The resins were changed at regular inter- 
vals: Two of the cation disks were used for the present investiga- 
tion. The depth and. quantity of water to which they were 
exposed are given in Table 1. 

Be was extracted from the resins by soaking them in 3M HC] 
for several hours (a test with "Be confirmed that 100% extrac- 
tion was obtained in these conditions). A standardised carrier 
solution, containing ~4 mg of was then added to the HC. 
The mixture was neutralised the precipitate of Be(OH), 
converted to BeO by heating. Pellets of sintered BeO were then 
fabricated by the procedure described in ref. 2 for introduction 
into the cyċlotron ion source. 

The experimental procedure was basically that described in 
ref..3 using the external ion source of the cyclotron. Several of 


the improvements discussed in ref. 3 have been implemented, 
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Table 1 *°Be determinations and sample details 


Estimated Vol. of Be 
age* water *°Be/*Bet (<10* atoms 
Sample Depth(m) (yrBP) (1) (x107)  pergice) 


RD-14 70.9- 75.7 1,000 11.2 76+2.5 2000.67 
RD-18 235 -242 5,900 102 11.2+2.8 3.22+0.81 
Standard} — — ura 8.1+1.9 — 


* Ages are preliminary estimates based on model calculations (C. 
Lorius, personal communication). 

t These ratios are normalised to known standard having °Be/*Be = 
8.24 x 10777, 

+ This standard has a known ratio of 8.30 x 107" 


including replacement of the single Si detector by a AE(8um)-E 
telescope, a ‘live-time’ clock to take into account high voltage 
breakdowns, and rapid switching between "Be and Be at the 
source by means of changing the extraction voltage rather than 
the magnetic field. In addition all beam lines have been tuned 
initially using '°B?* rather than 7°Ne** and this has resulted in an 
improved transmission efficiency. The most important change 
was use of a significantly more intense (~3 pA) output from the 
ion source. A more detailed description of these modifications 
will be given elsewhere. For the present discussion the most 
umportant effect was that we were able to improve our sensitivity 
by about two orders of tude compared to ref. 3 and so 
measure samples with '°Be ratios as small as 107". 

The analysis of the ice samples was made by comparing their 
‘Be/*Be ratio to those of standardised '"Be/*Be samples pre- 
pared by the method outlined in ref. 2. To avoid contamination 
problems measurements were made on a ‘clean’ 10n source in 
the following order; standard (°Be/*Be = 8.30x 1075} ice 
samples, standard (‘°Be/*Be = 8.24 107"} Each measure- 
ment included 20 min of Be counting, with the "Be current 
being recorded every 5 min. A blank run gave no counts in 
10 mun which is equivalent to a background of less than 10% of 
the ice samples. . 

Knowing the '"Be/*Be ratio and the quantity of "Be added 
initially, we obtain directly the number of Be atoms in the 
original sample. It 1s interesting to note that the chemical yield of 
our processing treatment does not enter into such a calculation 
since we are at all times working with isotope ratios. Also, as our 
standards have been determined by a mass spectrometric 
measurement’, even the uncertainty associated with the *°Be 
half -lıfe does not intervene. On the other hand, one assumption 
we have been forced to make is that all the ‘Be initially in the 
meltwater has been recovered in the resin. Because of the well 
known tendency of carrier-free Be to hydrolyse in neutral 
solution and adsorb on container surfaces, this assumption 
needs to be verified. We hope to be able to do this ın the future 
by measunng the "Be taken directly from an equivalent quan- 
tity of ice in the same core. 

The results of our measurements are summarised in Table 1. 
As the '°Be count rates for the ice samples were 1 to 2 c.p.m., the 
uncertainties are dominated by statistics. We point out, 
however, that this limitation in the present circumstances was 
due to the lack of accelerator time and not to running out of 
sample. In fact by weighing our samples before and after we 
were able to estimate that they were consumed at the rate of 
~0.05 mg min™’. 

The present experiment is a prelude to a more general project 
for measuring complete ‘Be ‘profiles’ in polar ice and marine 
sediment cores, in order to investigate possible ‘"Be variations 
with time and their eventual implications In fact, the two ice 
samples in Table 1 do have a concentration difference (which is, 
however, not statistically very significant). It is tempting to 
attribute this to the difference in geomagnetic field at the two 
epochs. It is generally believed that the intensity of this field 
5,000 yr ago was only about half of that 1,000 yr ago*, and thus 
"Be production would be expected to be enhanced at the earlier 
period. Indeed, this was the reason for choosing the samples 
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from these periods. However, ın view of the limited precision of 
the present measurements and the fact that we are dealing with 
only two samples, we content ourselves for the moment with 
simply taking the mean of the two results as representing a 
long-term average for the "Be deposition rate at the site tested. 

Using an estimated annual precipitation rate of 3.7 cm of 
water at the site of our samples (R. Delmas, personal com- 
munication), our average ‘Be concentration (2.6 10* atoms 
per g ice) represents a Be deposition rate of 3.1 x 107° atoms 
cm™~* §~*. This is much less than the value 2.0(+0.9 or —0.5)x 
107? atoms cm~? s~! (recalculated using the currently accepted 
half life*) measured at the Greenland sites., It is also 4 to 8 times 
smaller than the depositon rates found in most sea sedi- 
ments” ’’. There are two possible explanations for a low Be 
deposition rate at the site of our samples. First, based on 
measurements from bomb tests in the stratosphere, it is expec- 
ted that deposition of long-lived cosmogenic isotopes at high 
latitudes should be substantially less than the world average’. In 
this respect, it is perhaps significant that our rate is consistent 
with the upper limits for the only sediment results at high 
latitudes'?. (Although, depending on the Be ocean residence 
time, one might or might not expect such variations to be largely 
washed out in marine sediments due to ocean mixing.) Such an 
explanation would, of course, leave the Greenland’ result 
difficult to understand. Second, it 1s also expected that, at a given 
latitude, fallout rates will be roughly proportional to pre- 
cipitation’. It will clearly be interesting to make measurements 
on ice samples from the coastal regions of Antarctica, where the 
precipitation rate is about an order of magnitude greater than at 
the site of the present samples, in order to determine which of 
these effects 1s dominant. 

The pnmary objective of this study was to test whether ‘Be 
concentrations of the required sensitivity could be measured in 
the available ice cores (the ~10* atoms of *°Be in each sample is 
several orders of magnitude smaller than could be measured by 
traditional beta counting, as discussed in ref. 2). In this respect 
the experiment was a complete success. We are thus optimistic 
about the chances of being able to make a complete “Be profile 
over the entire length of the core from which the present les 
were taken (estimated to go back to 35,000 BP). If the ' 
production should be as sensitive to geomagnetic field as hinted 
at in the present results, such a profile would offer an unparal- 
leled opportunity for tracing the intensity variations of this field 
over that period. It would also allow one to look for effects such 
as the Laschamps—Lake Mungo—Maleifel ‘events’*'*, which 
may or may not be correlated with each other and/or with 
worldwide dipole variations. 

The present “Be determinations in samples that were 
unmeasured (and unmeasurable) by any other existing tech- 
nique, moves accelerator spectrometry out of the phase of 
exploration and into that of exploitation. 

We thank C. Lorius and his group for their cooperation, in 
particular R. Delmas who suggested use of the resin samples. 
We thank J. C. Ravel for assistance with the ion source. 
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Creep rupture at depth in a cold ice sheet 


THE mechanism by which stress is released in intermediate and 
deep focus earthquakes and the physics of tectonic processes are 
of particular interest to Earth scientists. As a way of under- 
standing such phenomena it would be valuable to have a rela- 
tively small scale tectonic system duplicating the processes 
taking place within the Earth. Several authors’* have specu- 
lated that processes operating within glaciers and ice sheets are 
analogous to those in the Earth. Experimental evidence has not 
supported the hypothesis of an Earth glacier equivalence, espe- 
cially in terms of identifying faulting at depth within glaciers. A 
seismic survey made of a valley glacier in Canada‘ found no deep 
ice events. However, evidence of the existence of discrete shear 
planes within the Antarctic Ice Sheet” and evidence described 
here relating to the Greenland Ice Sheet, indicate that faulting 
takes place at depth in cold ice sheets. 

At great depths beneath the surface of the Earth (S00- 
700 km) where the pressure is of the order of 10°° Pa and high 
homologous temperatures prevail, classical laws of brittle failure 
do not apply. As an alternative to stress release by brittle 
fracture, rupture of the material may result when creep is 
concentrated in very narrow bands subjected to shear stresses. 
Consideration of the creep rupture phenomenon and its asso- 
ciated stress drop have led to some current models of fault 
mechanisms for earthquakes‘. 

The mechanism by which stress 1s released m intermediate 
and deep focus earthquakes is of particular interest to seis- 
mologists' and tectonophysicists. Orowan' proposed that faul- 
ting at depth is initiated by the development of creep instabilities 
in shear layers m the Earth. The stress drop theory associated 
with Orowan’s faulting mechanism serves as a partial base for 
models describing the seismic spectra from earthquakes.° To 
verify his theory, Orowan’ proposed that this faulting 
mechanism might also operate in temperate glaciers. 

As a means of verifying the creep-rupture. , theory, Neave and 
Savage* carned out a seismic investigation on the Athabasca 
Glacier in Canada. They aimed to detect shear faulting at depth 
within the glacier. After 390h of seismic monitoring they 
concluded that creep instabilities which would be recorded as 
deep focus ice-quakes had not taken place in the Athabasca 
Glacier. 

Field investigation of glaciers are generally conducted where 
simple flow regimes occur, so that research findings can be 

ised’-*. However, recent drilling at the margin of the 
Greenland Ice Sheet’*’’ in a peculiar area characterised by 
upslope flow of cold ice over geometrically complicated bedrock 
(see Fig. 1), has revealed the presence of a fracture at 240m 
depth in the ice. The evidence for the fracture 1s threefold. First, 
although drilling was temporarily stopped at 250 m depth sur- 
face meltwater was observed to enter the liquid-filled bole, thus 
showing that the drillmg fluid was running out of the hole at 
some depth. As no crevasses, moulins or englacial conduits are 
present in this area, this behaviour can only indicate the exis- 
tence of an open fracture that intersects the hole between the 
surface and 250m depth. The hole was then completed to 
bedrock at 299 m. Second, following drilling the saltwater used 
as a drill fluid was spontaneously flushed from the upper 240 m 
of the hole by surface meltwater whereas the lower 59 m of the 
hole retained the salty water, as shown by temperature 
measurements made penodically after the completion of dril- 
ling*®. Third, calculated temperature profiles’? for four other 


0028-0836/7 8/0127 5—0733$01 00 


733 


holes in the same area are in excellent agreement with measured 
temperatures, but the calculated profile for the hole in question 
agrees equally well with the measured temperatures only if the 
ice is assumed to flow over an area of ‘dead ice’ as shown in the 
Fig. 1. Direct observations of dead ice have been made in valley 
glaciers but not in cold ice sheets. 

As no evidence of a pre-existing frecture was obtained, it is 
possible that the excess hydrostatic pressure of the drilling fluid 
(~2.4 x 10° Pa) and the flow shear stress caused the formation of 
the fracture along a zone of weakness between the dead and 
moving ice. Whether or not there was a pre-existing fault at this 
depth, the excess hydrostatic pressure caused propagation and 
opening of the fracture sufficient to accept a large quantity of 
water; hence, it is likely that the fracture to bedrock 
around the area of dead ice (the subglazial tills are permeable in 
this area’), The small excess hydrostatic pressure could not 
have caused fracture without an existing zone of creep- 
enhanced weakening at this depth. 


Klevetten {m} 





tae se (cm) 


- Fig. 1 Ice thickness and bedrock profile (from a seismic survey) is 
shown along the flow line through the d-ill bole, Isua, Greenland. 


The geometry shown in Fig. 1 suggests an area of dead ice 
overridden by the ice sheet while temperature and water flow 
observations clearly show a fracture in the ice at 59 m above the 
bed. This evidence for fracture at depth m the Greenland Ice 
Sheet leads us to reconsider the correspondence between flow 
and rupture at th in the Earth and in cold ice sheets as 
suggested earlier’~. If seismic evidence of deep fracturing in 
cold ice sheets is found we will have a lerge-scale tectonic system 
available for the study of deep fractures associated with the 
underthrusting of cold lithospheric pilates”. Direct investiga- 
tions at depth in ice sheets are made with relative ease as 
compared to the nearly impossible tasx of direct measurements 
in the Earth’s mantle. 
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Loss of fixed nitrogen 
from soils by nitric oxide exhalation 


LABORATORY studies’ have indicated that chemical de- 
nitrification processes in nitrogen rich soils and nitrite solutions 
can produce NO or NO, and perhaps methyl nitrite’. It has been 
suggested’ that self decomposition of nitrite produces various 
gaseous nitrogen compounds including nitric oxide (NO) and it 
was thought that NO was unlikely to escape from the soil 
because in aerobic soils NO 1s readily oxidised by molecular 
oxygen to NO, and this in tum is rapidly adsorbed by soil 
materials and by soil water'*. However the half life of oxidation 
is dependent on the NO concentration because it is a termolecu- 
lar reaction’*'*, At concentrations of 100 p.p.m. or greater (as 
in some studies) the half life for oxidation of NO to NO, by 
atmospheric oxygen is one hour or less respectively, whereas at 
low concentrations (~0.01 p.p.m.) the half life for this oxidation 
is of the order of 10* h. This variation in the oxidation rate by 
molecular oxygen explains why NO at low concentrations in the 
field can pass unoxidised from the soil to the atmosphere and 
perhaps explains why in some of the laboratory studies (at high 
concentrations) NO, and not NO is detected. This NO exhala- 
tion in the field could not be detected previously due to the lack 
of a sufficiently sensitive measurement technique. We report 
here the first measurements indicating that NO 1s continuously 
exhaled from soils including ungrazed, unfertilised grassland. 
The measured rates of exhalation from the soil to the atmos- 
phere are 0.06 to 0.73 x 107"! kg nitrogen m`? 87’ (equivalent to 
0.2 to 2.3 kg N ha™ yr `+). We show that this exhalation of NO is 
a significant source of nitrogen oxides (NO,) in the lower 
atmosphere as has been previously suggested’*’*. These 
nitrogen oxides exert a direct influence on the ambient ozone 
and hydroxyl radical concentrations’* which in turn pre- 


Table 1 Descnption of experimental sites 


Nitrogen 
Sou fertiliser 
Location Land usage description usage 
Aspendale Meteorological Siiceous sand None 
(38 °S) obeervation area with minimal 
with mown grass development 
pH 6.2-7.1 
Edithvalke Dairy cattle Peaty sol None 
(38 °S) grazing area pH 6 7 (one 
measurement) 
Conargo Site 1: disused cattle Hard setting 1 None 
(35 *S) milking yard loam sou with 2 None in 
Site 2 irrigated red clay previous 
pasture subsoil 4 
Site 3: sheep grazing pH 6.5-7 6 3 None 
—no pasture 
improvement 


dominantly determine the oxidation rate of almost all 
substances in the troposphere. 

We determined the NO and NO, flux from various soil 
surfaces by placing an open-ended box over the soil and 
measuring the rate of increas¢ in concentration of these gases in 
the box during the following few minutes. It is assumed that the 
presence of the box during this time did not impede or exag- 
gerate the gaseous flux from the soil. The continuing increase of 
. NO in the box after sampling 1s discontinued indicates that there 
is no artificial pressure-induced exhalation of soil air into the 
box. The box, similar to that described elsewhere’’, was a 
perspex cube (0.8 m per side), internally lined with Mylar poly- 
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Nitrogen oxide concentration (ppb) 





Tıme (min) 


Fig. 1 Exhalaton of nitrogen ondes at Agpendale on 26.11.76. 


The time zero co to the moment of the box over 
the soil surface. O, ambient NO,; ©, ambient NO; @, box NO,, 
@, box NO. 


ester film (Dupont) to prevent gas uptake on the box walls and 
stirred by a 0.2m diameter stainless steel fan driven by an 
external electric motor. The method will be described in detail 
elsewhere. NO and NO, measurements were made with a 
sensitive chemiluminescent NO detector’®. The NO, 
measurement, (obtained by diverting the sample flow through a 
commercial molybdenum converter) gives the total gaseous 
concentration of NO, NO,, alkyl nitrites and nitrates and 
peroxyacetylnitrate. These are accepted methods for measuring 
low concentrations of nitrogen oxides in ambient ai’. 

Measurements were made at three locations described briefly 
in Table 1 and in more detail elsewhere”. The range of 
conditions covered included before and after rain, day and night 
and spring and autumn. On every occasion measurable exhala- 
tion was found. In all experiments there was no significant 
difference between the concentration of NO and NO, in the box, 
indicating that NO is the dominant species exhaled from the soils 
studied. 

Kim* measured NO, liberation from forest soils in Korea 
with a closed system consisting of a sealed plastic hood contain- 
ing 0.01 M sodium hydroxide absorbent. The sodium hydroxide 
solution used by Kim also collects NO rather inefficiently** and 
his results, therefore, possibly need reconsideration. Also the 
presence of this absorbent can inhibit autotrophic nitrification of 
ammonium by removing carbon dioxide”. 

A typical set of results is shown in Fig. 1. Immediately after 
placing the box over the surface there was a monotonic increase 
in the NO in the box above ambient levels. Generally, the 
concentration in the box gradually approached a maximum or 
equilibrium value. This behaviour indicates that there is some 
competing uptake mechanism or back-reaction that, in con- 
junction with the exhalation process, regulates the concen- 


Table 2 Soil analyses at Conargo sites 





Soil - Soil NO,—N NH, ~N 
Site moisture (%) , pH p.p.m. p-p.m. 
1 18.6 7.6 Zl 4.0 
2 10.7 6.5 1.3 3.8 
3 12.2 2 13.1 2.4 
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tration of NO in the box bringing it into equilibrium with the 
soil/soil-atmosphere system. Concentrations of NO greater 
than the equilibrium value were artificially injected into the box 
on some occasions. The NO concentration then always 
decreased back to the same equilibrium value for the site. 

The soil analyses presented in Table 2 (made at the time of the 
exhalation experiments) show that the mechanism for NO 
production i in soil operates at a soil pH near 7 and at the p.p.m. 
nitrate-N and ammonium-N levels. Analyses performed 
recently show similar concentrations at the Aspendale site; 
these analyses also showed less than 0.2 p.p.m. nitrite-N. Nitrite 
analyses were not performed at the time of the experiments. Our 
results confirm laboratory experiments™** where detection of 
volatilisation products as either NO or NO, occurred for neutral 
and slightly alkaline as well as for acidic soils. 

Our experimental data and the calculated emission rates are 
shown in Table 3. If the average flux of 0.3 x 10°" kg N ms"! 
is integrated over a year then a figure of 1kgNha™ yr‘ i 
obtained. 

The fluxes observed for ungrazed and grazed pastures are 
0.16 and 0.35x10°'' kgm? s~’ respectively. If these are 
representative of globally averaged land emission rates then a 





Table 3 Experimental details and results 


Rainfall 
NO flux NO,” flux in Air 
Location Local (10°'' kg (% of previous temp. 
and date time {N)m 7s) NOflux) 24h(mm) (0C) 
Edithvale 
16.11.76 1140 0.22 <3% 5.0 16 
17.11.76 1100 0.59 <5% 3.2 14 
18.11.76 1130 0.35 <3% 3.4 14 
Aspendale 
22.11.76 1700 0.06 — 0 15 
23.11.76 Daytime 0.15 <3% 0 16 
26.11.76 1130 0.26 <2% 0.4 19 
Conargo 
Site 1 
16.5,77 1600 0.37 <2% 0 16 
17.5.77 0800 0.15 <3% 0 13 
Site 2 
17.5.77 1530 0.25 <3% 0 ~16 
Site 3 
19.5.77 0730 0.25 <8%t f 14 
19.5.77 2130 0.26 <2% 0 15 
20.5.77 1030 0.73 <2% 0 ~16 


* Includes also alkyl nitrates, nitrites and PAN. 
+ The uncertainty in this measurement is large because of the presence 
of NO, in the chamber (from ambient air) at the start of the experiment. 


global annual value of the order of 10'° kg N yr™' is obtained 
which can then be compared to the global nitrogen fixation rate 
of 2 to 3 x 10’! kg N yr“! (ref. 27). The loss of NO from the soil is 
not a permanent loss of fixed nitrogen as this nitrogen is most 
probably returned to the soil as nitrates in rainwater. Thus NO 
exhalation may be a significant process in redistributing fixed 
nitrogen throughout the global biosphere. 

In the Northern Hemisphere troposphere these annual emis- 
sions may be 0.8 x 10'° kg N which, with the anthropogenic NO, 
sources of 1.5 10'° kg N, are sufficient to account for the 
nitrate deposition in rainwater of 2 x 10'° kg N (ref. 13). 

The emissions reported here are, per unit area, about 40 times 
larger than the depositions of NO, nitrogen reported for 
Antarctic ice by Parker et al.2**". We suggest the NO, nitrogen 
in Antarctic ice may result from the long range transport of fixed 
nitrogen from the continental regions of the Southern Hemi- 
sphere. 
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Coaxial pure shear in 
Jamaican blueschists and- 
deformation associated with subduction 


A RECENT report of deformation features in high pressure—low 
temperature blueschists on the He de Groix, France, has 
demonstrated that the style of deformation is one of progressive, 
non-coaxial simple shear’. I present here evidence that the 
blueschists in Jamaica underwent a coaxial pure shear defor- 
mation contemporaneous with metamorphism and suggest that 
simple shear deformation in blueschists is no more compatible 
with subduction than any other deformation style. I suggest that 
domains of relatively homogeneous deformation occupying tens 
of km? may develop in subduction complexes. 

Metamorphic rocks in Jamaica consist of a narrow, NW-SE 
trending belt of metagreywackes and metabasites metamor- 
phosed in blueschist, greenschist and amphibolite facies condi- 
tions”. The belt is situated along the southern edge of the Blue 
Mountain massif in eastern Jamaica and the blueschists lie at the 
eastern end of the belt about 30 km ENE of the city of Kingston 
(for exact location see ref. 3). The metamorphism was the result 
of subduction which probably occurred in the late Cretaceous”, 
but the only isotopic ages available are from biotite and horn- 
blende in the amphibolite facies rocks”. The blue amphibole 
crossite occurs in the eastern extremity of the belt and is 
associated with pumpellyite, stiipnomelane, albite, clinozoisite 
and sphene. All CaCO, identified so far ts calcite. Lawsonite 
does not seem to occur, either because the pressure /tempera- 
ture gradient was not sufficiently high or because of high CO, 
pressure during metamorphism*. Some rocks are not entirely 
recrystallised and contain relict igneous augite. 

The blueschists typically show an L-§ tectonite fabric which 
plunges approximately 30° to the NNW. This orientation is not 
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Fig. 1 Logarithmic strain plot of finite strains (s) from L-S 
tectonites of Jamaican blueschist terrain. Most fall in the field of 
constriction. 


consistent because the rocks have undergone further defor- 
mation associated with Tertiary E—W left lateral motion on the 
northern Caribbean plate boundary which lies to the north of 
Jamaica. The lineation itself is due to stretching parallel to the 
x-axis of the finite strain ellipsoid. Ellipsoidal, microcrystalline 
sphene blebs are probably derived from alteration of original 
ilmenite. A statistical study of these in individual specimens’ 
provides finite strain estimates, most of which fall in the field of 
constriction of Fig. 1. 

Evidence for the coaxial nature of the strain history is exhi- 
bited by the relict augites which have undergone paracrystalline 
microboudinage. Amphibole fibres which have grown epitaxi- 
ally between boudins are zoned continuously from riebeckitic 
actinolite to crossite (Fig. 2). The x-axis of the finite strain 
ellipsoid, amphibole fibres and elongation as defined by the 
boudinage are all parallel. These textural features are not 
TEN to Jamaica and have been reported from Washington, 
us™. 

With continuing strain either the material properties of the 
rock changed or there was a change in the rate of strain, as 
further strain was taken up hetereogeneously by the formation 
of discoidal ductile ‘fractures’ or tears. The planes of the tears 
are perpendicular or subperpendicular.to x and are filled with 
tremolite and quartz fibres parallel to x. Tears.are up to 0.1 min 
thickness and 0.4m in diameter and seem to be distributed 
randomly through the rock at intervals from a few centimetres to 


Fig. 2 Sketch from thin section cut parallel to x-z plane of finite 
strain ellipsoid, showing typical texture 


developed 

in metabasites. px, relict augite; g, glaucophane/crossite; a, rie- 

beckitic actinolite; p, pumpellyite; s, ellipsoidal sphene blebs. Scale 
ber, 1 mm. 
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tens of centimetres. They have contributed to a further 5-10% 
extension in the x direction. This pattern of deformation is 
found throughout the entire blueschist terrain (about 12 km7). 
The progressive coaxial pure shear reported here contrasts 
with the progressive simple shear reported from the Ile de 
Groix’. Both these modes of deformation were contem- 
poraneous with high ow temperature metamorphism 
which most workers believe is produced in the crustal portions of 
subduction zones’*’’. On the megascopic scale the regional 
pattern of deformation is one of simple shear as the lower plate 
moves under the upper. However, on a finer scale, deformation 
is likely to be more heterogeneous. Regimes of simple shear may 
well exist in the rocks overlying the downgoing plate, but there is 
no evidence to suggest that they persist throughout the whole 
accretionary prism. Consideration of the irregularities-in the 
topography of the downgoing oceanic plate and variations in the 
geometry of the subduction zone along strike suggest that both 
the simple shear of the Ile de Groix rocks and the pure shear of 
the Jamaican rocks are ial cases and that moet syn- 
metamorphic deformation in*blueschist terrains is likely to be 
heterogeneous at least on ‘a regional scale. The relatively 
homogeneous but different styles of deformation developed in 
the Jamaican and Ile de Groix terrains are present in a volume of 
rock of tens of km’. Do deformation domains on this scale 
develop in subduction complexes, or is heterogeneity developed 
on a finer scale in other blueschist terrains? Mechanisms of 
blueschist emplacement (‘obduction’) will be equally varied and 
complex. Thus, many patterns of strain in blueschists may be 
compatible with subduction and emplacement. More compara- 
tive studies are needed before general statements can be made. 
I thank Geoff Wadge for his constructive criticism. 
GRENVILLE DRAPER 
Geology Department, 
University of the West Indies, 
Kingston 7, Jamaica 
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Geology, fauna and 
alacoenvironments of Lower 
Sivalik deposits around Ramnagar, India 


ALTHOUGH the Sivalik deposits of the Ramnagar basin 
(Jammu and Kashmir, India) have been known to palacon- 
tologists and palaecoanthropologists for about 100 yr, little has 
been reported about the fauna, flora and palasoenvironments of 
the region. Most reports centre round the primates’, and no 
attempt has been made to report the other vertebrates in detail. 
We surveyed the Ramnagar area during the field seasons of 
1975-77, and catalogued more than 600 fossil specimens 
representing a diversity of mammals, reptiles and fish, recovered 
from several localities shown in Fig. 1. We report those finds 
here. 

The Ramnagar sediments sonnei fauna characteristic of the 
Chinji Formation of the Lower Sivaliks. These: deposits can be 
correlated biostratigraphically with the Vindobonian of Europe 
and possibly the Fort Ternan deposits of East Africa’ which 
have been assigned a potassium-argon date of 12-14 Myr. No 
radiometric dates are available for the Chinji deposits at 
Ramnagar but they can be assigned an age equivalent to 11- 
13 Myr on the basis of their fauna. 
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Fig. 1 Generalised local- 
ity map of Ramnagar. 
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The outcrops at Ramnagar show a remarkable uniformity in 

lithology. The beds, which are best exposed along streamlets and 


road cuttings, consist of alternate layers of argillaceous and 
arenaceous sediments, the latter dominating the former. The 











Table 1 Fossil vertebrates from Ramnagar 


Pisces 
Siluridae indet.” 
Reptilia 
Chelonia Trionyx sp. 
Lissemys sp. 
Crocodilia Crocodylus sp. 
Gharialis sp. 
Mammalia 
Primates 
Hominidae Ramapithecus punjabicus 
Rodentia 
Rhizomyidae Rhizomyoides sivalensis* 
_ Rhizomyoides punjabiensis* 
Ctenodactylidae Sayimys sivalensis* 
Muridae indet. 
Carnivora 
Creodonta Dissopsalis sp.* 
Fissipeda Vishnufelis sp.* 
Amphicyonidae Amphicyon sp.* 
Lutrinae indet. 
Proboscidea 
Gomphotheriidae Gomphotherium sp.* 
Deinotheriidae Deinotherium pentapotamiae” 
Perissodactyla 
Rhinocerotidae Caementodon sp.* 
Chkilotherium? intermedium” 
Brachypotherium sp.* 
Aceratherium perimense” 
Artiodactyla 
Suidae Listriodon pentapotamiae 
Conohyus chinjiensis 
Anthracotheriidae Anthracotherium punjabiense* 
Tragulidae Dorcabune anthracotheroides* 
Dorcabune hyaemoschoides* 
Dorcatherium majus 
Dorcatherium minus 
Giraffidae Giraffokeryx punjabiensis 
Bovidae Protragocerus sp.* 


Miotiagocerus sp.* 
Gazella sp.* 





* This is the first report from Ramnagar. 
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clayey units are greenish to dark pinkish and show evidence of 
nodular weathering. The standstones contain a high percentage 
of undecomposed rock fragments ard are frequently cross- 
bedded. The upper surface of sandstomes is marked with asym- 
metrical ripples and a network of desiccation fissures in many 
places. 

During the survey numerous fossilised fragments of various 
mammals were collected (Table 1). Detailed descriptions of the 
fossils are not available and the identifications should be consi- 
dered provisional, although in broad outline they are likely to 
stand. In addition to primates a diversity of proboscideans, 
perissodactyls and artiodactyls were found. No specimen of 
Hipparion was collected and among che rodents, apart from a 
few rhizomyoids, only a single tooth of a ctenodactylid and a 
partial skull of a murid were recovered. 

The general nature of the sediments is indicative of deposition 
in a flood-plain. The presence of red end brownish coloration in 
many rock units suggests that a considerable portion of sedi- 
ments was deposited in oxidising and possibly warm and humid 
conditions. Intermittent desiccation $ indicated by the occur- 
rence of desiccation fissures on the surface of arenaceous units. 
The common occurrence of undecomposed rock fragments in 
sandstones implies short or rapid transportation, which in turn 
implies deposition of the sediments close to the source area, 

The mammalian fossils consist mainly of suids, small 
artiodactyls and primates. Their abundance provides indirect 
evidence for the existence of genera forested conditions in the 
vicinity of the depositional basin. The deinotheres and primitive 
gomphotherids are thought to have I ved on soft vegetation and 
may have inhabited areas adjacent tc water bodies and abound- 
ing in succulent and fleshy plants. The abundance of tragulids 
like Dorcatherium and Dorcabune implies the presence of bushy 
forest undergrowth near the site of deposition. 


B.N. VASISHAT 
R. GAUR 
S5. R. K. CHOPRA 
Department of Anthropology, 
Panjab University, 
Chandigarh-160014, India 
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Natural source of tetraalkyllead in air 


THE biological methylation $f inorganic mercury in sediments 
in both aerobic and anaerobic conditions is well known’, and 
attention has focussed on the possibility of asimilar process for 
lead in the environment. It has been possible to methylate lead 
in laboratory studies, with the resultant evolution of gaseous 
tetramethyllead*~, but there is still considerable doubt as. to 
whether such processes occur in the environment’. A report® 
that tetraalkyllead accounts for 10-24% of the total lead in the 
liver of fresh and frozen samples of cod and 39% of the total lead 
in mackerel muscle lends credence to the possibility. However, 
we can now present firm evidence of a natural source contribut- 
ing tetraalkyllead to the atmosphere. 

Our evidence was obtained from a monitoring programme 
carried out between August 1977 and January 1978, during 
which we determined 24-h average concentrations of particulate 
lead and gaseous tetraalkyllead in duplicated air samples col- 
lected on 24 separate days, and 48-h averages obtained on four 
occasions, at three remote rural sites around Lancaster selected 
because of their freedom from local vehicular pollution sources. 
Particulate lead was collected on a 0.45-um membrane filter 
(Millipore type HAWP 04700) and determined by flameless 
atomic absorption spectrometry after extraction into acid solu- 
tion’. Tetraalkyliead was trapped quantitatively downstream of 
the filter in iodine monochloride solution and the lead concen- 
tration was determined by flameless atomic absorption spec- 
trometry after selective extraction into acid solution, by means 
of a technique specific for tetraalkyllead compounds*”’. 

To interpret our results (Table 1) it is necessary to consider the 
known sources of particulate lead and tetraalkyllead in rural air. 
Furthermore, while the data can be examined in terms of their 
absolute concentration, it is of more value to consider the 
concentrations of tetraalkyllead as a percentage of total lead, as 
these figures depend less on site characteristics and meteorolo- 
gical conditions and facilitate comparison between data’®. 
Particulate lead and tetraalkyllead in the atmosphere are due 
principally to emissions from vehicles fuelled by. leaded petrol. 
These emissions arise predominantly in urban areas. Harrison 
and Perry’® have reviewed available data on tetraalkyllead 
concentrations in these urban source areas (Table 1). High 
concentrations of tetraalkyliead can develop around petrol sta- 
tions and in underground car parks, where there is considerable 
evaporative loss of petrol. However, tetrealkyllead as measured 
by reliable techniques is more typically present at lower concen- 
trations in urban air, representing only a small proportion of 


Fig. 1 Time-weighted pollution roses for lead concentrations 
measured at three rural sites around Lancaster. a, Particulate lead; 
b, tetraalkyllead; c, percentage ratio tetraalkyllead/total lead. 
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total lead, usually about 14%. We made further measurements 
of tetraalkyllead in air, finding it to represent 4.5-5.7% of total 
lead close to a busy street in Lancaster city centre, when an 
activated carbon trap method was used,'’ and 0.22-0.46% of 
total lead alongside a remote section of the M6 motorway in 
Cumbria, measured as 24-h averages by the sampling and 
analytical method’. Thus we conclude from the available data 
that in the absence of a strong local source tetraalkyllead is moet 
likely to represent 14% of total lead in urban air with an overall 
range of 0.5-8%. 


Table 1 Concentrations of particulate lead and tetraalkyilead in urban 


and rural air 
Ratio tetra- 
Tetra- alkyllead / 
Particulate lead alkyllead total lead 
(ng m™) (agm) (%) Source 
Urban air 
(typical values)  500-14,500 <6~206 0.3-4 ref. 10 
Petrol station 5,500--6,000 210-590 4-10 ref. 10 
Underground 
car park 10,800-—12,200 1,800-2,200 15-18 ref. 10 
Rural air 10-660 0.5—230 1.5—33 This 
work 


Lead pollution of rural air arises mainly from advection of 
urban pollution, and the concentrations of particulate lead and 
tetraalkyllead in rural air due to urban emissions depend on 
atmospheric dispersion and dilution effects, the distance of the 
urban source from the rural site, and the extent of losses en route. 
Only the latter, however, affects the relationship between parti- 
culate lead and tetraalkyllead concentrations. It is well known 
that a large proportion of particulate lead emission is within the 
size range of particles which form a stable aerosol, so that this 
lead is lost only slowly from‘ the atmosphere, with a mean 
lifetime probably in the range 1-7 d. We have determined the 
mechanism of tetraalkyllead breakdown in the atmosphere” 
and can predict that tetramethyllead, the predominant 
tetraalkyliead compound in the atmosphere”®, will have a typical 
mean lifetime of the order of several days. The loss of both 
particulate lead and tetraalkyllead from the atmosphere will 
therefore occur at similar. rates, with a resultant ratio of 
tetraalkyllead to total lead predicted for a rural ae of close to 
the original urban value of 1-4%. 

Our data, summarised in Table 1, show that there is a 
significant departure from expected values. The concentration 
range for particulate lead, as anticipated, Hes considerably 
below that in urban areas, while the range for tetraalkyllead 
does not differ so greatly. Indeed, the peak rural concentration 
of 0.23 pg m™~ tetraalkyllead is rarely exceeded in street air 
measurements ?. Furthermore, seven out of the 28 samples 
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sampling sites (Fig. 1a). The picture that er erges for tetraalkyl- 
lead, on the other hand, is far less clear (Fig, 16). When, 
however, the data for the percentage of tztraal yli ad in total 
lead are examined a distinct directional nfluence is t 
(Fig. 1c). High mean sector values of. 10-15% are asse 
with winds of 180-300", while lower meanwalues of 5-6% oe 
with winds from other quarters. These data indicate that a 
widespread source of tetraalkyllead emissions lies generally to 
the west of the sampling sites. 

Because. wind directions indicate only local low-level. air 
movements, geostrophic backward air mass trajectories have 
also been constructed at 6-h intervals Toring pelocted: 24-h 
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values measured of about 2% are associaved with air which had 
passed over the urban areas to the south and south-east (Fig, 2). 
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Fig. 2 Terminal directions of geostrophic backward air mass 
trajectories for a sample period with a tetraalkyllead/total lead 
ratio of 1.5%. Time of arrival of air mass: 1, 1800h 18/10/77; 
2, 0000 h 19/10/77; 3, 0600 h 19/10/77; 4, 1200 h 19/10/77. 


revealed unusually high tetraalkyllead to total lead percentages, 
in excess of 15%, with a maximum of 33%. Such high per- 
centages are most unlikely to arise from urban emissions. We 
therefore examined our data in more detail, to identify any 
relationship between the concentrations and wind direction 
during a sampling period. Time-weighted pollution roses were 
constructed, based on hourly wind direction frequency data at 
10 m height, divided into 30° sectors (Fig. 1). These reveal the 


expected pattern for particulate lead, with evidence of the strong 
influence of urban emissions to the south and south-east of the 


Fig. 4 Terminal directions of geostropaic backward air mass 
trajectories for sample periods with a tetraalkyllead/total lead 


Fig. 3 Terminal directions of geostrophic backward air mass 
trajectories for sample periods with a tetraalkyllead/total lead 
ratio in excess of 20%. A, Ratio of tetraalkyllead/total lead = 
25%. Time of arrival of air mass: 1, 1200 h 30/8/77; 2, 1800 h 
30/8/77, 3, 0000 h 31/8/77; 4, 0600h 31/8/77. B, Ratio of 
tetraalkyllead/total lead = 27%. Time of arrival of air mass: 1, 
1800 h 16/12/77; 2, 0000 h 17/12/77; 3, 0600h 17/12/77; 4, 
1200 h 17/12/77. 





ratio in excess of 20%. C, Ratio of tetraalkvllead/total lead = 21%. 
Time of arrival of air mass; 1, 1200 h 31/8. 77; 2, 1800 h 31/8/77; 
3, 0000h 1/9/77; 4, 0600h 1/9/77. D, Ratio of tetraalky!- 


1800 h 
1200 h 


lead/total iead= 33%. Time of arrival of air mass: L 
31/10/77; 2, 0000h 1/11/77; 3, O60Ch 1/11/77; 4, 
1/11/77. 


These values are consistent with those to be expected in an 
urban plume largely unaffected by losses of either particulate 
lead or tetraalkyllead. On the other hand, periods during which 
values exceeded 20% are all associated with air which had 
passed over open sea and the coasta areas adjacent to the 
sampling sites (Figs 3 and 4). Further examination of our data 
leads us to suggest that the source of tetmaalkyllead is more likely 
to be associated with the extensive coastal/estuarine intertidal 
mud flats to the west of our sampling sixes, rather than the open 
sea. Both seawater and sediments im this region have been 
shown to have elevated levels of inorgaaic lead (ref. l4 andS. R, 
Aston personal communication), presumably arising from 
estuarine discharges of anthropogenicwrigin. In our view, this 
source of tetraalkyllead can only be explained by a natural 
environmental methylation of lead. 


Rox M. HARRISON 
DUNCAN P. H. LAXEN 
Department of Environmental Sciences 
University of Lancaster, UK 
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Light-dependent net 
production of carbon monoxide by plants 


PLANTS take up “CO and incorporate it into organic 
compounds in the light and in the dark, and it has been suggested 
that this decreases the concentration of CO polluting the 
atmosphere’*. Measurements of “CO uptake, however, have 
excluded any concomitant release of CO by the plants and are 
insufficient for conclusions to be drawn on net CO exchange. 
Many organisms (microbia, plants, fungi and animals, including 
man) can produce CO (refs 3-5). We report here that using a 
Siemens U 180 process gas chromatograph, we have observed a 
light-dependent net production of CO by intact plant shoots 
which seems to be linked to photorespiration. 
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Fig.1 Dependence of CO (A) and CO, (@) exchange on irradi- 

ance. Leaf temperature 283°C; CO concentration m the gas 

stream supplied to the gas-exchange chamber 2.07 mm? m~’, 

average CO concentration within the chamber during the experi- 

ment 4.78mm°>m°; CO, concentration 250cm’m™°; OQ, 
concentration 21 vol %. 


In two sets of experiments the shoot of an intact plant of 
Nerium oleander L. with a total leaf surface area of 0.07 m° and 
0.18 mî, respectively, was sealed in a gas exchange chamber 
with a volume of 0.01 m*. (A leaf surface of 0.0065 m° is 
equivalent to 1 g fresh weight. Similar responses are observed 
with Vicia faba L.). Light was obtained from two 400-W HRIL 
phosphorus-coated metal halide lamps. Various mixtures of 
gases were passed through the chamber at 30x 10% m? s~}, Net 
CO exchange was measured with the gas chromatograph and net 
CO, exchange with an URAS 2T infrared gas analyser. The 
mixtures were obtained by mixing Oa, N2, CO, and synthetic air 
from gas cylinders, using dosage pumps and gas flow meters. 
Traces of CO were removed by passing the gas stream over 
granulated CO catalyser (Driiger). When required, different 
concentrations of CO were obtained by adding to the CO-free 
mixtures various amounts of normal laboratory air whose CO 
concentration was known from analysis with the gas chromato- 
graph. The atmosphere at our laboratory, at the periphery of the 
eastern part of Darmstadt, contained up to 3cm’m™ CO at 
peak traffic hours and 0.3 cm° m~ at other times of the day. This 
CO caused some problems because of temperature-dependent 
diffusion of CO into the gas-exchange chamber through small 
but unavoidable leaks in the apparatus. This diffusion was 
1.9 nmol h™ at 16.6 °C, 3 nmol h™ at 22.5 °C and 13.8 nmol h™’ 
at 39.2°C. Corrections for this contamination were made in 
calculating net CO production by the plant. 
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Fig. 2 a, Dependence of CO (A) and CO, (@) exchange on QO, 
concentration. Leaf temperature 275°C; CO concentration 
supplied to the gas-exchange chamber 1.61 mm? m7’, average CO 
concentration within the chamber 4.63 mm? m™*; CO, concen- 
tration 275 cm? m7”: irradiance 28 0 Wm™ b, Dependence of CO 
and CQ, exchange on CO, concentration. Leaf temperature 
25.5 °C, CO concentration supplied to the gas-exchange chamber 
1.9 mm m’, average CO concentration within the chamber 
445mm m”; OQ, concentration 21vol%; irradiance 
-35.8 Wm”. - 


When the atmosphere in the chamber contained 40- 
825 mm? m” CO the N. oleander leaves consistently increased 
the CO concentration by 10-17 mm? m°. When the atmos- 
phere contained even 100-120 cm’ m™* CO, plants still did not 
show a net absorption of CO (ref. 6). 

Net production of CO was then studied with low concen- 
trations of CO in the gas stream supplied to the chamber 
(~2 mm’ m7’) and compared with CO, gas exchange. CO pro- 
duction was stimulated considerably by light; there seemed to be 
a small insignificant release of CO in the dark (Fig. 1). Pro- 
duction of CO in the light was increased by increasing the 


Fig. 3 Dependence of CO (A) and CO, (@) exchange on air 
temperature in the gas-exchange chamber. CO concentration 
supplied to the gas-exchange chamber 2.02 mm? m7”, average CO 
concentration within the chamber 4.54mm’*m °; CO, concen- 
tration 250cm’m~*:; Oa concentration 21 vol %; irradiance 
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concentration of O, and decreased by increasing the concen- 
tration of CO; in the ambient atmosphere (Fig. 2). Photosyn- 
thetic CO, fixation showed an inverse relationship to: the 
concentrations of CO, and O, (Fig. 2). Increasing temperature 
greatly enhanced CO release (Fig. 3). 

As photorespiration responds in a similar way to environ- 
mental parameters’, these results suggest that light-dependent 
production of CO is a by-product of photorespiratory C; 
metabolism. CO could be derived from the glycolate pathway of 
photorespiration in two ways. First, direct oxidative decar- 
boxylation of glycolate may produce formate!’ and hence CO. 


Second, formate and CO may originate from the tetrahydro- - 


folate activated C, unit formed during photorespiratory 
synthesis of one molecule of serine from two molecules of 
- glycine’). The significance of this minimal production of CO is 
not clear; nonetheless, the net exchange of CO by plants is a 
small emission, not absorption. 

The gas chromatograph was a gift of the Fritz and Margot 
Faudi Foundation, Oberursel. 
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Photorespiratory nitrogen cycle 


MOST temperate plants form phosphoglyceric acid as the first 
stable product of photosynthesis. These plants also photo- 
respire, that is, during CO, fixation they simultaneously release 
CO, to the atmosphere from the oxidation of an intermediate of 
the photosynthetic process’?. The reaction below, which takes 
place in the mitochondria”; is chiefly perenne for this CO, 
release. 


2 GLYCINE +H,0 + SERINE+ CO, +NH3 + 2H* +2e7 


Photorespiration is considered wasteful because it loses CO, 
and energy, but little emphasis has been placed on the simul- 
taneous and stoichiometric release of NH;. Based on estimates 
of photorespiration in wheat leaves of 80 u mol CO h™' g! 
fresh weight**, NH, loss far exceeds the calculated rates not 
primary NH; assimilation from NO; reduction’. This NHs 
must be reassimilated if the plant 1s not to lose all its organic 
nitrogen. Recent '*N studies show that NH; is recycled’® but it is 
not known if reassimilation is catalysed by glutamine synthetase 
(GS), as is primary NH, assimilation’’-”’, or by glutamate dehy- 
drogenase (GDH) also present in the mitochondria'*’’. 
Identification of the pathway is important because it determines 
the extent to which NH; cycling further increases the energy loss 
caused by photorespiration. We report here experiments which 
show that reassimilation involves GS and we propose a series of 
reactions which make up the photorespiratory nitrogen cycle. 

An estimate of the amount of GS and GDH in wheat leaves 
was made. The values obtained, in nKat per g fresh weight, of 40 
for GS and of 54.for GDH indicate that both enzymes may be 
present in sufficient amounts to catalyse NH, reassimilation 
despite the high Ka of GDH for NH3. 
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CYTOPLASM 


Fig. 1 The photorespiratory nitrogen cyde (the complex 
sO OME ny of the Calvin cycle is not included). 


To study the loss of NH, and its reassimilation in vitro, 
mitochondria were isolated from spinach leaves by the method 
of Douce et al.. They were shown to produce *CO, and "NH; 
iri about equal amounts from [N, 1-'C]-glycine (Table 1); 
serine was also produced as found previously with tobacco’ and 
spinach’* mitochondria. The mitochondrial preparations 
contained substantial amounts of GDH (about a third of the 
total in the original homogenate) and small amounts of 
GS(<0.2%); this GS was separated from the mitochondrial 
marker enzymes when the preparations were centrifuged on a 
sucrose density gradient. To test if the NH, produced by the 
mitochondria could be reassimilated ın situ the various reaction 
components required for GDH or GS activity were added to the 
mitochondrial incubations (Table 1, treatments 2-4); there was 
no decrease in the amount of NH; evolved or in the ratio of 
NH,/'*CO, released. These results, and those of Woo and 
Osmond showing that NH; is not retained within the mito- 
chondria, suggest that reassimilation occurs outside. 

Recent experiments have shown that GS is almost equally 
distributed between the chloroplast and the cytosol’*; the 
cytosol GS, present immediately external to the mitochondria, 
might well function in reassimilation. To test this, chloroplasts 
were removed from an homogenate of pea leaves by centri- 
fugation’*. The GS was purified 100-fold from the supernatant 
hgquid by ammonium sulphate precipitation and sequential 
chromatography on Sephadex G-25, DEAE-cellulose and 
Sepharose 4-B. Preparations, with a minimum specific activity 
of 111 nKat per mg protein as measured by the y-glutamyl 
synthetase assay”, were added to reaction mixtures also 
containing mitochondria. Difficulties were experienced in 
combining the two systems, as the requirements of each for 
maximum activity differ — the conditions indicated in Table 1 
represent a compromise. In the presence of GS little NH; was 
recovered from the reaction medium, indicating that it had been 
reassimilated, but there was increased release of “CO, and the 
ratio of **NH;3/'*CO, dropped to 0.13. The increase in CO; 
release could be explained by a faster rate of electron transport 
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Table 1 Release of NH, and CO, from [*C, '*N} glycine by mitochondria 


f- 


CO, released NH, released Total NH, 
from glycine from glycine released Ratio of 
Treatment : Reaction medium (umol) (umol) (umol) .. ; NH, :'*CO, 
1 ControF 0.623 0 633 0.870 1.01 
2 Control + 2-oxogiutarates 0.621 0.875 p 
J Control + glutamate 0.615 0.945 
4 Control + 2-oxoglutarate, 
glutamate and oxaloacetate 0.847 0.915 1.182 1.08 
5 Control 1.04 1.15 1.31 1.10 
Control + GS j 1.85 0.24 . 0.35 -` 0.13 





Treatments 1-4 control contained, 3.3 mM ATP, 16 4 mM (1-'*C, *N]-glycine (0.05 mCi per mmol 99 atom % '°N), 246 mM mannitol, 4.1 mM 
MgCh, 8.2 mM KCl, 82 mM KH.2PO,, 0 08% bovine serum albumin, mitochopdria from market spinach containing 0.8 mg protein and, where 
indicated, 16 4 mM glutamate, 16 4 mM 2-oxoglutarate, 16.4 mM oxaloacetate. The final volume (0.61 ml) was incubated at pH 7.2 for 20 min at 
22 °C. Treatments 5-6 control contained, 4 mM ATP, 40 mM glutamate, 5 mM KH,PO,, 10 mM KC, 12 mM MgCh, 10 mM MOPS, 10 mM Tris, 
0.3 M mannitol, 0.2% bovine serum albumin, mtochondna from glasshouse spinach containmg 0 4 mg protein and, where indicated, 2.5 nKat of 
glutamme synthetase. The final volume (0.60 ml) was incubated at pH 7.8 for 30 mn at 22 °C. The reaction was stopped by addition of an equal 
volume of CHOH’ NH, was distilled wothermally at 20 °C into 0.1 ml 1 M H,SO, in an evacuated flask after buffenng the mixture at pH 10 The 
acid solution of (NH,)},SO, was mized with 9 m! NH,-free H,O, 0.1 ml 2M NaOH and 0.2 ml 10% (w/v) sodium potassium tartrate and the tubes 
incubated at 25°C for 10 min. Nessler’s reagent (0 4 ml) (ref. 21) was added and after 30 min at 25 °C absorbance at 435 nm was measured. The 
Nessler complex was precipitated by adding four pellets NaOH (0.4 g) to each tube, and stormg in the dark for 30 min. The precipitate was 
washed with 0 5 mi NH,-free H,O and suspended in 40 ul for each umol of NH, of 1 M HCl in 10% aqueous C,H,OH (ref. 22). After’standing 
overnight at 0-5.°C the insoluble material was removed by centrifugation and 8-1 samples of the supernatant were dried in short lengths of capillary 
tube at 60 °C. The residues were sealed in vacuo (0.2 Pa) in a pyrex tube with appropriate reagents and the `N, ‘*N content measured by-emussion 


spectroscopy” Radioactive serine and CO, were removed and measured as described previously’. 


resulting from the production of ADP from. ATP by GS. This 
was confirmed in oxygen electrode experiments with the same 
batch of mitochondria. 

The above results indicate that reassimilation can occur in 
vitro with-GS. To confirm that this also occurs in vivo carefully 
- matched flag leaves of wheat (c.y. Sicco) were detached under 
water, stood vertically with their bases in 3 ml-of water and 
_ illuminated. Such leaves contained small amounts of NH, which 
increased when they were supplied with '°N-glycine by the cut 


Table 2 Effect of methionine sulphoximine on NH; release fro 
[ 


*Nh glycine 
NHs 
Total released 
NH; from 
Time released glycine 
Solution supplied (min) (u mol) (u mol) 
Wheat leaves 
Water N 45 17 mae 
í 90 1.4 as 
5 mM MSO 45 58 = 
. 90: `> 12.0 e 
15 mM !*N-glycine 45 2.5 0.6 
; 90 3.5 1.4 
15 mM ‘N-gtycine, 45 8.9 27 
+5mM MSO _ 90 17.4 64 
Pea leaf protoplasts . 
*N-glycine + glutamate 60 0.45 - 0.08 
‘*N-glyeme + glutamate . 
+MSO l 60 0.68 0.16 





Wheat flag leaves, cach about 0.45 g fresh weight were illuminated for 
40 min at 25 °C with the cut bases in water. The water was then replaced 
by the solutions indicated. The photon flux density at the leaf surface was 
800 .Emstein m`? s`! (PAR). Pea leaf protoplasts were isolated by the 
method of Wallsgrove.et al.’* and an amount containing 207 ug chloro- 
phyll incubated at 25 °C in 0,59 ml containing 16.95 mM [*°N]-glycine 
. (99 atom % **N), 16.95, mM glutamate, 0 34 M sorbitol, 80 uM MgCh, 
42mM Tricine pH7.5 and, where indicated, 1.93 mM MSO. .The 
reaction mixture was illuminated with a photon flux density of 
1,200 pBinstern m °? s`’ (PAR) in tubes gassed with arr at 300 ml min`’ 
‘and shaken at 1 Hz. Wheat leaves were killed in boiling H2O and 
homogenised; reaction mixtures containing protoplasts were treated 
with an equal volume of C,H,OH. Measurements of the amount and 
ISN content of NH, were as in Table 1. 


base (Table 2). Measurement of the ÙN content-of the NH; 
indicated that the extra amount was derived from glycine. The 
addition of methionine sulphoximine (MSO) together with the 
“*N-glycine increased the amount of NH, derived from glycine 
4,.5-fold. Also, when isolated pea protoplasts were ihcubated 
with ‘“N-glycine, MSO doubled the production of '"NH3. There 
was, however, a considerable background of *NHs production 
by the protoplasts. A similar release of NH; from freshly iso- 
lated poppy cells has been ‘observed’*. As MSO is a specific 
inhibitor of GS’®, we conclude that NH; produced during the 
conversion of glycine to serine in vivo is normally reassimilated 
by GS. -- . ` , 

On.the basis of the above results we propose that pho- 
torespiration involves a cycling of nitrogen (see Fig: 1). If the | 
generally accepted estimates of photorespiration and primary 
assimilation of NH; derived from nitrate reduction are correct, 
then the flux of NH; through the photorespiratory nitrogen cycle 
is an order of magnitude greater than that resulting from pri- 
mary assimilation. In the scheme, the NH; released from glycine 
is refixed by cytoplasmic GS into glutamine. Glutamine and 
2-oxoglutarate move into the chloroplast where, in the presence 
of reduced ferredoxin and glutamate synthase, two molecules of 
glutamate are formed; one of these molecules of glutamate 
becomes the acceptor molecule for another NH, molecule and 
the other provides a transamination equivalent to convert one 
glyoxylate to glycine while’ regenerating 2-oxoglutarate (a 
second transamination equivalent is needed and comes from 
serine). 

As chloroplasts actively assimilate ammonia in the light”, it is 
possible that chloroplastic GS could be partly involved, but 
ammonia produced in mitochondria probably first encounters 
the cytoplasmic GS. The conversion of glutamine to glutamate 
must occur solely in the chloroplast as that is the only site of 
glutamate synthase activity in the leaf cell’*. The, operation of 
the cycle would minimise the energy required in the cytoplasm, 
as the. major energy-demanding step is directly coupled to the 
light-dependent reduction of ferredoxin. Thus, only one ATP of 
the three generated in the mitochondria during the conversion 
of two molecules of glycine to serine’*’* is needed for 
reassimilation of ammonia. The two molecules of ATP remain- 
ing may be used for synthetic reactions in the cytoplasm. 
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Bats avoid moving objects more 
successfully than stationary ones 


MICROCHIROPTERANS sense their environment by emitting 
ultrasonic signals and listening to the echoes’. The simplest get 
to measure this ability is by the obstacle-avoidance test? 
which a bat flies between an array of stationary wires and the 
numbers of hits and misses are recorded. We have extended this 
test and made our bats fly between an array of moving as well as 
stationary obstacles. We were surprised to find, as reported 
here, that a bat can avoid moving obstacles more successfully 
than stationary ones. 

Six Myotis lucifugus (the little brown bat) with an average 
maximum wingspan of 23 cm were tested in a room 4.6 m long, 
2.2 m wide and 2.1 m high. A wooden frame containing six 
vertically strung nylon monofilament lines or steel wires (the 
obstacles) was placed in the centre of the room. The total 
opening of this barrier (the frame plus the obstacles) through 
which a bat flew was 1.8 m wide and 1.7 m high. By means of an 
electric motor the barrier was made to oscillate in the horizontal 
direction parallel to the alignment of the obstacles, with a 
maximum amplitude of 9 cm at a rate of 0.39 Hz, which 
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generated an average speed of 7 cms’. Any effect of the 
movement of the frame itself on the bat’s performance was 
eliminated by surrounding the frame with large wooden panels 
which were attached to the walls, ceiling and floor. Thus the bat 
could see the movement of the lines or wires, but not that of the 
frame. The sound of the moving lines or wires was negligible. All 
surfaces of the wooden panels, ceiling and walls were covered 
with convoluted polyurethane foam to reduce the echoes from 
them. Four different diameters of nylon lines (0.23,.0.37, 0.47 
and 0.53 mm)or steel wires (0.32, 0.37, 0.53 and 1 53mm) were 
used, one size at a time for each test. The distance between the 
obstacles was always 30 cm. A bat was made to fly between 
stationary obstacles at least 32 times before it was made to fly 
between moving ones another 32 times in order to minimise any 
effect of spatial memory of the position of the obstacles*?. Bach 
bat was tested in this way as many times as possible. A hit 
consisted of collisions of the body or arm with the obstacles. A 
miss consisted of flights in which the obstacles were not touched 
or were lightly brushed by a wingtip with no change of flight 
course. 

When an agile bat flew between the stationary obstacles, it- 
negotiated them almost without hesitation. However, when the 
barrier was moved, the bat hovered first at one side of the flight 
room before flying between the obstacles. The bat was 
apparently more cautious when confronted with moving 
obstacles. Bats tended to fly between the upper central part of 
the barrier regardless of whether the obstacles were stationary 
or moving. 

Contrary to our prediction, the percentage of misses by all 
bats was always greater for the moving obstacles than for the 
stationary ones, regardless of the size of the obstacles. Table 1 
summarises the data for four bats which were tested with at least 
two different diameters of wires or lines. The average percen- 
tage of misses obtained in each of the two test conditions differed 
by 6.5-15%. All these differences are significant (x° test, P< 
0.10). 

Myotis lucifugus flies between an array of obstacles of this sort 
with an average wingspan of 14 cm (60% of maximum wing- 
span)'*. Therefore a model bat with a wingspan of 14 cm was 
made from wooden sticks, steel wires and tapes. It was thrown at 
random, in the manner described by Hahn’, towards the barrier 
in order to find out the chance of missing the barrier. Six 
diameters of nylon line (0.20, 0.27, 0.33, 0.56, 0.83 and 1.0 mm) 
were used; Table 1 shows only the data obtained with 0.20, 0.56 
and 1.0-mm lines. In general, the percentage of misses when the 
obstacles were moving was not significantly different from that 
recorded when the obstacles were stationary, regardless of the 
diameters of the lines. The average percentage of misses for 
stationary and moving obstacles of six different diameters was 
65.2 and 65.4, respectively. These values are 30-40% greater 
than those reported earlier'*°. Becaase the percentage of 
misses by bats obtained in either test condition was significantly 
greater than those found with the model bat, the bats apparently 
used echolocation to dodge the obstacles. 








Table 1 Avoidance of obstacles by bats 





Diameters 

of wires (w) Stationary 

or lines (1) Total Average 

(mm) Bats tested flights % misses 

0.32 (w) No, 1 & 2 256 T2 
0.37 (w) No. 1 & 2 352 78.5 
0.53 (w) No. 1 & 2 256 81.5 
1.53 (w) No. 1 & 2 192 79.5 
0.23 (1) No. 3 192 76 
0.37 (1) No.3 & 4 288 80.5 
0.47 (1) No, 3 & 4 320 80.5 
0.53 (1) No. 3 128 86 
0.20 (1) Model 120 65 
0.56 (1) Model 128 65 
1.0 (1) Model 323 67 


my rig my manane rimni ew mimea LEN nhre b tt 


Significance at 





Moving Differences 90% correct 
Total Average in average level 
flights % misses % misses x? P0.10 

256 79 7 3.4 Yes 
320 85 6.5 4.8 Yes 
220 89 7.5 ee Yes 
192 88 8.5 4.9 Yes 
192 91 15 16.0 Yes 
288 91.5 11 14.9 Yes 
320 90.5 10 13.0 Yes 
128 93 7 3.4 Yes 
120 67.5 Za 0.2 No 

123 70 a 0.7 No 

192 64 3 24 No 
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Why was a moving obstacle easier to miss (or perceive) than a 
stationary one? The answer ts probably associated with the fact 
that carnivorous and insectivorous bats rely on moving prey for 
survival, and they apparently concentrate more intently on 
moving objects while hunting. In behavioural experiments, it is 
essential to present an animal with tasks which are more relevant 
to situations encountered in its natural environment. 

‘Motion detectors’ have been found in a cat’s inferior colli- 
culus’? and auditory cortex’', and it is likely that the bat’s 
auditory system also contains neurones that are particularly 
sensitive to an echo source moving in a particular direction and 
at a particular speed. Indeed, cortical neurones sensitive to a 
moving sound source have been found in the big brown bat 
(Eptesicus fuscus) by P. Wasserbach (personal communication). 

We thank Professors R. P. Brertenbach, B. G. Cumbie. D. R. 
Griffin and N. Suga for reading our manuscript and giving 
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Pygmy chimpanzee as a possible 
prototype for the common ancestor 
of humans, chimpanzees and gorillas 


A CONVINCING theory of human origins must clarify man’s 
relationships with living primates and with the ancestral forms 
known only through fossils. Phylogenetic relationships have 
previously been determined mainly by anatomical similarities, 
but now, biochemical similarities provide independent criteria 
for evolutionary relationships. Albumin and transferrin 
immunology, immunodiffusion, DNA annealing and amino acid 
analysis all indicate that chimpanzees, gorillas and humans share 
a substantial common ancestry, and that the Asiatic apes (gib- 
bons and orangutans) diverged earlier from this lineage’. 
These findings directly conflict with the more widely held view 
that all the great apes diverged from a common ancestor long 
after the ‘origin’ of the evolutionary line leading to modern 
humans’. The molecular data consistently suggest a much more 
recent origin of the man—chimpanzee~gorilla separation than 
was previously imagined, namely, in the range of 4-~6M yr 
ago’. These data show that, although the two chimpanzee 
species (Pan paniscus and P. troglodytes) are biochemically 
distinct, they are more closely related to each other than either is 
to humans or gorillas®’. The chimpanzees speciated, then, after 
the initial three-way split. We therefore, here contend that, 
among living species, the pygmy chimpanzee (P. paniscus ) offers 
us the best prototype of the prehominid ancestor. Biochemical, 
morphological, behavioural and palaeontological data support 
this proposition and argue for a relatively recent and accelerated 
divergence of the hominid from the pongid line. 

If this cladogram is correct, then an ancestor for the earliest 
hominids must also be a suitable ancestor for chimpanzees and 
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gorillas. The morphological similarities between the three 
groups should logically be derived from the common ancestor, 
rather than by evolutionary convergence, or by parallelism from 
distinct primate lineages. In fact, the modern African apes may 
be viewed as size variants in a single morphotypic series, going 
stepwise from the smaller P. paniscus to the large male gorilla. 
The scant hominid fossil record during the past 4~8 M yr, and 
the absence of any fossil chimpanzees or gorillas, forces us to 
work backwards from the living hominoids to reconstruct a 
prototype of the comnon ancestor. 

Chimpanzees have generally been considered closer to this 
prototypic ape than gorillas, because the latter are more speci- 
alised morphologically and behaviourally. They are larger and 
males are twice the size of females; they have a more specialised 
diet, more restricted habitat and less flexible social behaviour 
than chimpanzees. Morphologically, pygmy chimpanzees are 
more ‘generalised’ in body size, body build and sexual dimor- 
phism than the common species and may provide a better 
prototype for studying the derivation of the earliest hominids 
and African apes. 

Pygmy chimpanzees on the average weigh less than the 
average common chimpanzee, but with much overlap: 25- 
48kg, compared to 25-60kg or somewhat more®. Pygmy 
chimpanzees have smaller facial and canine dimensions, smaller 
average cranial capacities (350 cm? compared with 390 cm‘), 
and the two species can be discriminated on mandibular length 
alone’. 


H. lor 


Pan paniscus 


Pan troglodytes (W) 








Homo 
Gorilla 
Pongo 
06 D4 02 
Relative genetic distance 
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Fig. 1 Molecular cladogram showing genetic relationships of the 
ape and human lineages. 


Pygmy chimpanzees have a narrower trunk and more gracile 
upper body, as reflected in significantly smaller clavicular length, 
scapular dimensions and iliac and sacral breadths*. Their upper 
and lower limbs are of about equal length, whereas arms of 
common chimpanzees are relatively longer. 

As to sexual dimorphism, pygmy chimpanzees are moderately 
sexually dimorphic in body weight, but no dimorphism can be 
detected in cranial capacity, limb bone lengths or robusticity, or 
in anterior and posterior dentition’. They have relatively small 
and only slightly dimorphic canine teeth''. Overall, this is less 
dimorphism than occurs in common chimpanzees and no more 
than occurs in modern humans. 

Observations on the behaviour of pygmy chimpanzees, either 
in their natural habitat in the Zaire River Basin or in captivity, 
have not been extensive. They feed high in trees, move and feed 
on the ground’*"*, and in captivity walk bipedally more than do 
common chimpanzees (S. Savage-Rumbaugh, personal com- 
munication). They therefore encompass the spectrum of 
locomotor behaviour of living African hominoids: arboreality, 
terrestriality and bipedality. Laboratory and field studies reveal 
pygmy chimpanzees as highly intelligent and flexible in feeding, 
locomotor, sexual and communicatory behaviour t’. 

Given these morphological and behavioural data, we main- 
tain that pygmy chimpanzees present a general pattern from 
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Table 1 Comparison of pygmy chimpanzee and early hominid pelvis, 
femur and humerus (in mm) 





Measurement Early hominids Pygmy chimpanzees 


Femur length 280*, 2807 293 (264-315) 
Femoral head diameter 317 30.5 (28-34) 
Acetabular diameter 377 36 (32-38) 
Innominate length 1707 253 (232-272) 
Iliac breadth 1137 97 (80-118) 
Sacral breadth 767 63 (51-70) 
Humerus length 235* 285 (250-307) 





* AL 288-1 from Hadar, Ethiopia'®. 
+ Sts 14 from Sterkfontein, South Africa. Measurements from A.L.Z. 
(unpublished data); femur length from Lovejoy’. 


which other African hominoids could have developed. This 
contention is further supported by comparing pygmy chimpan- 
zees with the earliest hominids. 

The fossil record, based on dentition, shows the occ: rrence of 
Australopithecus by 3.5M yr ago in the mosaic savannas of 
Eastern Africa’’. By 3 M yr ago, the hominids were distinct from 
apes in the broader and shorter pelvis, larger cranial ca pacity, 
larger postcanine teeth and somewhat smaller canines’? 

F. paniscus provides a suitable comparison for Australo- 
pithecus*”; they are similar in body size, postcranial dimen- 
sions and, as Figs 2 and 3 show, even in cranial and facial 
features, although this Australopithecus has a larger cranial 
capacity (485 cm’ >»! than P. paniscus (350 cm’). 

Postcranial dimensions are given in Table 1. Femoral length, 
femoral head and acetabular diameters are very similar. 
Humerus and innominate lengths, and breadths of sacrum and 
ilium are different. These findings demonstrate early hominid 
affinities with apes. Probably the initial acquisition of hominid 
upright locomotion entailed reduction of upper limb length and 
broadening of the ilium and sacrum. 

Homo and Pan (both species) differ in their genomes by 
approximately 1%, a value characteristic of sibling species” 
The genetic changes accounting for the morphological 
differences between man and chimpanzee may be only a small 
fraction of that amount. A few regulatory genes may have large 
somatic effects, whereas the remaining structural genes may be 
time dependent in their rate of fixation, and of little selective 
significance. 


Fig. 2 Side view, drawn to scale, of Sterkfontein 5 (above) and 
adult female P. paniscus (below). 








Fig. 3 Front view, drawn to scale, of Sterkfontein 5 and adult 
female P. paniscus. 


The ultimate strength of any hypothesis rests on its compati- 
bility with all lines of evidence, on its ability to withstand 
falsification and on its power of prediction. We hypothesise (1) 
that as our knowledge of the fossil record improves, hominids 
before 3.0 M-yr ago should continue tc converge on the pygmy 
chimpanzee-like condition, cranially and postcranially, as they 
seem to do dentally, (2) that Plioceme pongids ancestral! to 
chimpanzees and gorillas should do likewise, and (3) that at least 
one lineage of late Miocene ape (perhaps Ramapithecus ) should 
continue to develop evolutionary trends begun in the early 
Miocene and evolve into a form simiar to the extant pygmy 
chimpanzee. 

We thank L. Brunker, T. Grand, F Jenkins, J. Lowenstein 
and K. Weislo for comments, and A. ©. Wilson, University of 
California, for laboratory facilities. For research support, we 
acknowledge the Wenner-Gren Founcation for Anthropologi- 
cal Research and the Faculty Research Committee, University 
of California (to A.L.Z.). 


ADRIENNE L. ZIHLMAN 
Oakes College, 
University of California, 
Santa Cruz, California 95064 


JOHN E. CRONIN 
Department of Anthropology, 
Harvard University, 
Cambridge, Massachusetts 02138 


DOUGLAS L. CRAMER 
Department of Cell Biology, 
New York University School of Medicwe, 
New York, New York 10003 


VINCENT M. SARICH 
Departments of Anthropology and Biochemistry, 
University of California, 
Berkeley, California 94720 


Received 31 May; accepted 8 September 1978 


1. Goodman, M. in Molecular Anthropology (eds Gooeman, M. & Tashian, R. E.) 321-353 
(Plenum, New York, 1976). 
2. Benveniste, R. E. & Todaro, G. T. Nature 261, 101-108 (1976) 


746 


3. Sarich, V. M. & Cronin, J. E. in Molecular Anthropology (eds Goodman, M. & Tashian, R. 
E.) 141-170 (Plenum, New York, 1976). 
4. Delson, E. & Andrews, P. in Phylogeny of the Primates (eds Luckett, W. P. & Szalay, F. S.) 
405-446 (Plenum, New York, 1975). 
5. Sarich, V. M. & Cronin, J. E. Nature 269, 354 (1977). 
6. Goodman, M., Moore, G. W., Farris, W. & Poulik, E. in The Chimpanzee Vol. 2, 318-360 
(Karger, Basel, 1970). 
7. Cronin, J. E. Am. J. phys. Anthrop. 47, 125 (1977). 
8. Zihlman, A. L. & Cramer, D. L. Folia primat. 29, 86-94 (1978). 
9, Cramer, D. L. Craniofacial Morphology of Pan paniscus Contrib. Primat, No. 10 (Karger, 
Basel, 1977). 
10, Cramer, D. L. & Zihiman, A. L. Rec, Adv. Primatol. 3, 487-490 (1978). 
11. Johanson, D. C. Am. J. phys. Anthrop, 41, 39-48 (1974). 
12. Badrian, A. & Badrian, N. Oryx 13, 464-468 (1977). 
13. Kano, T. in Perspectives on Human Evolution Vol. 5 (eds Hamburg, D. A. & McCown, E. 
R.) (Benjamin/Cummings, Menlo Park, in the press). 
14. Savage, S. & Bakeman, R. Rec. Adv. Primatol. 1, 613-616 (1978). 
15, Savage-Rumbaugh, E. S., Wilkerson, B. J. & Bekeman, R. in Progress in Ape Research (ed. 
Bourne, G.) 97-116 (Academic, New York, 1977). 
16. Jordan, C. & Jordan, H. Primates 18, 515-529 (1977), 
17. Leakey, M. D. et al. Nature 262, 460-466 (1976). 
18. Johanson, D. C. & Taieb, M. Nature 260, 293-297 (1976). 
19. Aronson, J. L. et al. Nature 267, 323-327 (1977). 
20, Zihiman, A. L. Am. J. phys. Anthrop. 47, 169 (1977). 
21. Holloway, R. L. in Functional and Evolutionary Biology of Primates (ed. Tuttle, R. H.) 
185-203 (Aldine, Chicago, 1972). 
22. King, M. C. & Wilson, A. C. Science 188, 107-116 (1975). 
23. Lovejoy, C. O. in Primate Functional Morphology and Evolution (ed. Tuttle, R. H.) 291-326 
(Mouton, The Hague, 1975). 








Axons from eyes grafted in Xenopus 
can grow into the 
spinal cord and reach the optic tectum 


THE transplantation of embryonic eyes in Amphibia is a long 
established approach for testing the ability of nerve fibres to 
grow through unusual regions of the central nervous system'”. 
As the behaviour of growing ectopic fibres may disclose the 
mechanisms of axonal guidance*’, this approach has recently 


Fig. 1 Tadpole of Xenopus laevis with a third eye grafted at 
embryonic stage 23 (ref. 13) and now (stage 58) growing above the 
spinal cord. The brain and the normal eyes with their optic nerves 
can be seen through the transparent tissue of the tadpole head. 
Embryos were obtained in our laboratory by induced mating’? of 
wild animals and were operated on in full-strength Niu and Twitty 
solution’* containing antibiotics (10,000 U 1”! of penicillin G and 
25 mg!"' of streptomycin sulphate) and anaesthetic (0.02% MS- 
222, Sandoz). In the sagittal silhouette of the tadpole CNS the 
paths of optic fibres issuing from the normal (1) and grafted eyes 
(2-4) are represented. (1) Normal optic tract terminating in the 
anterior optic tectum; (2) ectopic fibres terminating in the medulla 
oblongata in triocular and in blinded (that is, binocularly 
enucleated) animals; (3) ectopic fibres termininating in the 
posterior optic tectum in blinded animals; (4) ectopic fibres grow- 
ing caudally. Scale bar (applies to photograph only), 1 cm. 
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attracted new interest '?. We are studying the behaviour of 
optic fibres entering the spinal cord from a heterotopic eye 
grafted on to the dorsal trunk region of Xenopus embryos'®"'. 
Here we report on the paths used by ectopic fibres to travel in the 
spinal cord, their possible termination in the hindbrain, and their 
ability to reach the optic tectum. 

Eye vesicles from Xenopus laevis embryos at stage 25 (ref. 13) 
were grafted on to the dorsal region of other embryos at stage 
23. Results were studied at larval stages. In 52 tadpoles, the 
grafts developed into morphologically normal eyes located on 
the back of the animal, just dorsal to the spinal cord and at 
different distances from the brain (Fig. 1). Twenty animals (out 
of the 52 mentioned above) were cut sagittally and stained by 
Holmes’ silver method’® for histological analysis: seven of the 
grafted eyes had developed an optic nerve whose fibres entered 
the spinal cord. These fibres seemed to grow mainly rostrally. 
We have confirmed this by tracing the paths of degenerating 
fibres in the remaining 32 tadpoles. Twelve of these animals had 
a considerable number of degenerating fibres in the spinal cord 
(Fig. 2). In each case we found most argyrophilic debris rostral to 
the graft; a smaller amount occurred caudally. Quantification of 
fibres in this type of preparation is not possible, but we estimate 
that approximately three-quarters of the fibres grew rostrally. 
No specific path seems to have been used by these optic axons; 
degenerating fibres were broadly distributed in the dorsal half of 
the white matter of the spinal cord (Fig. 2a). In particular, they 


Fig. 2 Degenerating fibres in the spinal cord of experimental 
tadpoles. Horizontal section; rostral is left. The grafted eye was 
opened and the retina was gently peeled out. After 24 h the animals 
were fixed in neutralised 10% formalin and processed to demon- 
strate degenerating nerve fibres and terminals by a modification of 
Nauta’s reduced silver method'’. a, The ectopic fibres are localised 
near the central grey (CG); they were found bilaterally in various 
positions inside the dorsal white matter, but never close to the pial 
surface (between arrows). b, Degenerating fibres in the dorsal 
funiculi; in this region (hindbrain), they are diverging. Scale bar, 
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were not grouped near the dorso-lateral surface of the spinal 
cord, as described by others”'’. In two cases a large proportion 
of degenerating fibres was concentrated in the dorsal funiculus 
(Fig. 26). In all cases they occurred bilaterally. 

The possible termination of ectopic fibres was studied in the 
same set of 32 animals mentioned above. In an initial series of 17 
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Fig. 3 a, Same experimental situation as Fig. 2. Horizontal 
section; rostral is left. Terminal degeneration is inside the right 
solitary tract (the phenomenon was bilateral). The nucleus of the 
solitary tract is not clearly delimited in Amphibia; neurones sur- 
rounding the solitary tract send their dendrites into it to receive the 
terminals from the tract’. Lateral to the solitary tract (top right) 
are some degenerating fibres. b, Left solitary tract of a control 
animal in which the dorsal spinal cord was sectioned 24 h before 
death. No terminal degeneration is present. Scale bar, 100 pm. 


tadpoles with a third eye grown on their back, we found four 
animals (stages 52-57) with evidence of terminal degeneration 
in the hindbrain (in three tadpoles there was no terminal 
degeneration in spite of the presence of optic fibres in the spinal 
cord). The terminal degeneration was restricted to the ‘nucleus’ 
of the solitary tract (Fig. 3a)}—always occurring bilaterally and 
along its entire extent—with the exception of one case showing 
weak terminal degeneration lateral to the nucleus isthmi. To 
establish whether the above results were due to damage of the 
spinal cord during enucleation, control experiments were car- 
ried out in four normal tadpoles by transecting the dorsal half of 
the spinal cord and adopting a 24-h survival time, as for grafted 
eyes. No terminal degeneration was found in the solitary tract 
(Fig. 36). 

To understand why ectopic fibres did not reach the optic 
tectum (the main natural target of optic fibres'”), we removed 
both normal eyes of the host embryos at stage 26, that is, about 
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12h after eye transplantation and 15h before outgrowth of 
optic fibres'*. We processed the tadpoles (stages 52-57) to trace 
the ectopic fibres. In this second series (the remaining 15 
tadpoles of the 32 mentioned above), we found three cases with 
extensive terminal degeneration in the optic tectum, as well as 
two cases with a weaker tectal projection from the ectopic eye. 
Terminal degeneration was bilateral and diffuse in the 
superficial layer of the posterior part of the optic tectum (Fig. 
4a) and, ventrally, near the nucleus isthmi. In these five cases, 
bilateral terminal degeneration was also found in the solitary 
tract. 

Sharma” and Constantine-Paton and Capranica” have grafted 
eyes in Rana on to the dorsal diencephalon and the internal ear 
region, respectively. Their results led to the suggestion” that 
optic fibres are inherently specified for a dorso-caudal growth, 
relative to the overall polarity of the brain. The extensive growth 
of ectopic fibres in a rostral direction along the spinal cord, 
previously reported by us'' and by Katz and Lasek'”, does not 
agree with this suggestion. The varied location of degenerating 
fibres along the spinal cord described here does not support the 
idea that axons from grafted eyes are growing ‘in a specific set of 


Fig. 4 a, Same experimental situation as Fig. 2, except that both 
normal optic vesicles of the host embryo were removed 12 h after 
eye transplantation. Horizontal section; rostral is left. Terminal 
degeneration is in the posterior part of the right optic tectum (the 
phenomenon was bilateral). During larval stages the posterior 
optic tectum is not yet laminated. On the extreme right is the 
postero-lateral corner of the tectum and its border (arrow) with the 
cerebellum. In grafted and blinded tadpoles the terminal 
degeneration in the tectum was always accompanied by terminal 
degeneration in the solitary tract (see Fig. 3a) and by degenerating 
fibres in the spinal cord (see Fig. 2). b, Corresponding region of the 
left optic tectum of a triocular tadpole whose grafted eye success- 
fully innervated the spinal cord. No terminal degeneration is 
present. The specimen shown here is the same one whose solitary 
tract is represented in Fig. 3a. Scale bar, 100 um. 
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pathways”. The adoption of a certain route of growth and the 
choice of the direction of growth do not necessarily depend on 
the same mechanism. Are directional cues encoded in the 
overall polarity of the brain or in the location of the target 
relative to the graft? For optic fibres growing rostrally in the 
spinal cord, the latter would seem to be the case. The mechanism 
by which a target organ could guide axonal growth remains to be 
explained. 

The plasticity of growing optic fibres is proved not only by 
their ability to follow unusual pathways in the CNS, but also by 
their anomalous termination. We found that rostrally growing 
ectopic fibres terminate in the nucleus of the solitary tract. 
Future ultrastructural and electrophysiological investigation 
will show whether functional synapses are formed within this 
nucleus, which normally receives visceral signals. Ectopic fibres 
were found to terminate in the caudal part of the optic tectum 
only in blinded animals. It is difficult to explain the lack of such 
projection in triocular animals in terms of competition for 
terminal space; at very young larval stages (when ectopic fibres 
could have reached the tectum) normal optic fibres terminate in 
the rostral part of the tectum, which becomes fully colonised 
only after stage 57 (refs 20, 21). 

It will be necessary to analyse in detail the embryological 
nervous system as it interacts with growing ectopic axons, before 
attempting to understand the mechanisms underlying such 
interaction. In our view the adoption by the ectopic axons of a 
certain route may depend on the options offered by the experi- 
ment (for example, level of penetration into the CNS), and ona 
hierarchy of preferred interactions with the surrounding tissues 
(through cell surface recognition’). The present work focuses 
attention on the role of a target, in this case the optic tectum; 
both its position (relative to the graft) and its input (from normal 
eyes) seem to affect the behaviour of optic fibres issuing from the 
grafted eye. 

We thank P. G. H. Clarke, D. O. Frost and L. J. Garey for 
discussions, A. Trolliet for assistance and M. Gaillard for help 
with the illustrations. This work was supported by grant 3.776 
from the Swiss NSF (to H.V.d.L.). 
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Microscopic epididymides 
in testicular feminisation 


MICE bearing the X-linked testicular feminisation (Tfm)' gene 
in the hemizygous (X/Y) state have been presumed to have no 
traces of the male genital system. Unlike normal genetic males’, 
they are apparently unresponsive to the androgens produced by 
the developing testes**, and it has been presumed that deriva- 
tives of the embryonic mesonephric (Wolffian) duct system 
(MDS) are unable to survive in Tfm/Y males. I describe here, 
however, microscopic components of the complex comprising 
rete testis, efferent ductules, epididymis and, sometimes, vas 
deferens in adult Tfm/Y mice. These structures are unrelated to 
the effects of the presumed mutation O", to which the micro- 
scopic epididymides of some Tfm/Y mice have been ascribed’. 

Because it has not been known whether Tfm/Y mice without 
O*™ possess microscopic epididymides, I examined such adults 
(6-33 weeks). As the O*™ X chromosome carries the blotchy 
(Blo) mutation, mice with Blo (n = 3) and without (n = 2) were 
studied. They were bred from stock obtained from U. Drews, 
Minster, and J. Tønnes Nielsen, Aarhus, respectively. Both 
strains originate from Harwell. 

Right and left gonads, with paragonadal material from the 
caudal pole of the kidney to the internal inguinal ring, were fixed 
and embedded en bloc in paraplast. Serial 7-12 um sections of 
the entire block (~1,500 sections per block) were stained with 
haematoxylin and eosin, and examined by light microscopy. 

All the mice possessed rete testis, efferent ductules and 
microscopic epididymides on both sides (Fig. 1), and in each case 
there was continuity between epididymis and rete. The epidi- 
dymides resembled those reported in Tfm O"” Blo/Y mice*. A 
vas deferens could sometimes be identified. The epithelium 
lining these mesonephric derivatives was mainly of the low 
cuboidal type attributed to Tfm cells’ in Tfm/+ heterozygotes 
masculinised by the sex-reversal gene Sxr’. However, isolated 
areas of taller, stereociliated or ciliated epithelium were seen 
(Fig. 2). No simple correlation between age and the degree of 
development of MDS was evident. 

Microscopic epididymides are thus evidently a trait of Tfm, 
not of the O" state. My observations also have a bearing on 
previous conclusions drawn from data on masculinised Tfm/+ 
heterozygotes. The assumption that the cuboidal epithelial cells 
in these heterozygotes represent surviving Tfm cells receives 
some support. There is, however, no need to suggest inter- 
cellular diffusion or metabolic co-operation*™; these cells are 
clearly capable of independent survival. Furthermore, stereo- 
cilia or cilia can no longer be used to distinguish Tfm from wild 
type cells” in such heterozygotes. Indeed, there is no reliable 
criterion for this purpose. 

The survival of epididymal and related structures in adult 
Tfm/Y mice suggests that the cells involved are either not 
dependent on testosterone or they are not entirely insensitive to 
it. Because the enzyme -glucuronidase is histochemically 


Fig. 1 Cross-section of the epididymis of a 9-week-old Tfm/Y 
mouse without Blo (x60). 
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Fig.2 Tubule cross-section of epididymis of a 9-week-old Tfm/Y 

mouse without Blo (x750), showing ciliated and/or stereociliated 

epithelium. (Both cilia and stereocilia appear to be present in 
normal mouse epididymides'”.) 


, ai 


inducible by androgen in normal epididymis’, as in the kid- 
ney'', studies of that enzyme in the microscopical epididymides 
may resolve this problem. 

Not only the MDS but also the testis itself is abnormally small 
in Tfm/Y hemizygotes. It is possible that initial embryonic 
determination, establishment and maintenance of both testis 
and MDS are independent of testosterone but that normal 
maturation of both is under its control. Thus in one possible 
interpretation of my data, Tfm cells in these organs may be 
insensitive to androgens, but survive because only some aspects 
of normal function and development are dependent on such 
hormones. Alternatively, ontogenetic changes in affinity of 
repressor molecules for inducer (androgen), or for receptor 
sites, or developmental loss of the latter, could account for my 
observations. 

Rete components of the MDS are essential for initiation of 
meiosis in the mouse testis’, and in Tfm/Y mice meiosis is 
indeed initiated and proceeds to metaphase’. On this basis the 
presence of a functional rete in Tfm mice could have been 
predicted. Conversely, it can be deduced from my observations 
that at least part of an MDS composed entirely of Tfm cells is 
functionally competent, independent of any metabolic co- 
operation with wild type cells. This system may be of value in 
studies of developmental aspects of hormonal competence. 

I thank Lise Fredebo and Elisabet Seehusen for technical 
assistance. 
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Uniparental inheritance is promoted 
by delayed division 
of the zygote in Chlamydomonas 


SEXUAL REPRODUCTION in Chlamydomonas reinhardtii, a 
heterothallic, unicellular green alga, yields two types of zygotes: 
the thick-walled, dormant zygospore (meiotic), and less 
frequently, the vegetative zygote which divides mitotically soon 
after initial gamete fusion to produce stable diploid progeny’. 
Although vegetative zygotes account for less than 5% of the 
products of gamete fusion, their diploid progeny can be easily 
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Fig. 1 Comparison of chloroplast gene transmission patterns in 
zygospores and vegetative zygotes of C. reinhardtii. Chloroplast 
gene transmission in zygospores: a, the chloroplast streptomycin- 
resistance mutation, Sr (shaded circles) is transmitted to all four 
meiotic products by greater than 90% of the zygospores if intro- 
duced through the mt” parent, and is transmitted to none of the 
progeny if introduced through the mt parent. b, Biparental 
inheritance, observed for less than 10% of the zygospores, results 
in the transmission of both the Sr and wild-type ss (open circles) 
chloroplast alleles to the meiotic products. c, Paternal zygospores, 
transmitting only the chloroplast alleles of the my parent, 
represent less than 1% of the zygospores in most crosses. Regard- 
less of the pattern of chloroplast gene transmission, the nuclear 
mating-type alleles (indicated by + and —) segregate 2: 2 among 
the meiotic products. Chloroplast gene transmission in vegetative 
zygotes: d, Biparental vegetative zygotes, transmitting the chloro- 
plast alleles of both parents to their diploid progeny account for 
greater than 70% of the vegetative zygote population in most 
crosses. Segregation of parental chloroplast alleles occurs gradu- 
ally and is completed within 20 generations. e-f, less than 25% of 
the vegetative zygotes exhibit uniparental chloroplast gene trans- 
mission, with uniparental maternal inheritance (e) usually being 
much more common than uniparental paternal (/). (The mendelian 
auxotrophic markers required for the selection and identification 
of vegetative zygotes? are not indicated in the figure.) 
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Table 1 


Chloroplast — 
Cross phenotypes 
a Nrss mt” Neamine-resistant 


x x 
ns Sr mt- Streptomycin-resistant 
ns Sr mt” Streptomycin-resistant 
x x 
Nr ss mt Neamine-resistant 


b Nrss mt Neamine-resistant 

x x 

ns Sr mt Streptomycin-resistant 

Er sps mt” Erythromycin-resistant 
x x 

es Spr mt Spectinomycin-resistant 

es Spr mt* Spectinomycin-resistant 
x x 

Er sps mt Erythromycin-resistant 
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Chloroplast gene inheritance patterns in zygospores and vegetative zygotes of C. reinhardtii. 


- Chloroplast inheritance patterns (frequency) 


| Zygospores Vegetative zygotes 
BP: —sUPm ~UPp BP UPm è UPp 
0.02 0.97 0.01 0.90 0.08 0.02 
0.01 0.97 0.02 0.94 0.06 0 


Chloroplast inheritance patterns (frequency) 
Vegetative zygotes 
Isolated under 
continuous dark 


Isolated under 
continuous light 


BP UPm U'Pp BP UPm UPp 
0.86 0.14 0 0.32 0.63 0.05 
0.95 0.02 0.03 0.57 0.25 0.19 
0.66 0.34 Q 0.18 0.68 0.14 


Opposite mating types in all of the above crosses also carried recessive complementary mendelian mutations conferring a requirement for 
exogenous arginine. Thus, vegetative zygotes were selected by plating mated cells on medium lacking arginine (acetate was provided as an organic 
carbon source for all isolations). Zygospores were matured in darkness for 7-10 d on the same medium; germination was subsequently induced by 
transfer to medium containing arginine and incubation in the light. 50-64 vegetative zygotes and/or 100-200 zygospores were analysed for 
transmission of the chloroplast antibictic resistance markers. Chloroplast inheritance patterns are abbreviated as follows: BP, biparental; UPm, 


uniparental maternal; UPp, uniparental paternal. 


selected on minimal medium by crossing haploid strains which 
carry complementing auxotrophic mendelian mutations’. I 
report here that differences in chloroplast inheritance observed 
between meiotic and mitotic zygotes of Chlamydomonas are 
correlated to the timing, rather than the nature, of their first 
divisions. Environmental conditions which delay the first post- 
mating division of vegetative zygotes result in uniparental 
inheritance while favourable post-mating environments 
promote biparental inheritance of chloroplast genes. 

Chloroplast inheritance in C reinhardtii is generally 
described as uniparental since 90% or more of the zygospores 
transmit to their progeny only those chloroplast alleles derived 
from the ‘maternal’ (mating-type plus, mt”) parent*”. Excep- 
tional zygospores may transmit the chloroplast alleles of both 
parents (biparental zygospores), or rarely, may transmit only 
those alleles initially carried by the ‘paternal’ (mating-type 
minus, mt”) parent (Table la, Fig. 1). Nearly all investigations 
on chloroplast inheritance in Chlamydomonas have centred on 
the meiotic zygospore. The notable exceptions are studies by 
Gillham” reporting a tendency toward biparental chloroplast 
gene transmission in vegetative zygotes (see Fig. 1) and suggest- 
ing a correlation between their inability to undergo meiosis and 
their failure to exclude paternal chloroplast alleles. 

In work to be reported elsewhere, I found that the culture 
medium used to isolate vegetative zygotes affected the pattern of 
chloroplast gene transmission. Media promoting the most rapid 
vegetative growth also promoted biparental inheritance. This 
suggested that the observed differences in inheritance patterns 
between zygospores and vegetative zygotes (see Table 1a, Fig. 
1) might result from differences in the timing, rather than in the 
nature (meiotic or mitotic), of their first post-mating divisions. 
To test this hypothesis I attempted to induce a temporary 
dormancy in the vegetative zygotes. Experimental procedures 
which can be used to promote maturation and extend dormancy 
in zygospores include nitrogen starvation and incubation in 
darkness’; it seemed likely that either of these treatments might 
also delay the first division of vegetative zygotes. 

When the vegetative zygotes were selected in darkness, the 
recovery of macroscopically visible zygote clones was delayed as 


compared to control isolations under continuous illumination. 
Furthermore, chloroplast gene transmission shifted toward 
uniparental maternal inheritance (Table 1b). By returning the 
vegetative zygotes to the light after various periods in darkness, 
a stepwise change in the inheritance pattern can be observed 
(Fig. 2a). However, as vegetative zygotes (but not zygospores) 
do eventually divide in darkness (if an organic carbon source ts 
provided), this method does not make it possible to delay the 
first division indefinitely. 

In contrast, the nitrogen-free medium used to induce 
gametogenesis and mating in C. reinhardtii’? also blocks post- 
mating cell division. By continuing to starve cells for nitrogen 
after mating, division of the vegetative zygotes can be delayed 
for at least 6 d with no subsequent loss in viability. Increasing the 
duration of the post-mating nitrogen starvation period led to a 
decrease in the frequency of biparental chloroplast gene trans- 
mission until uniparental maternal inheritance, normally asso- 
clated with zygospores, became the predominant inheritance 
pattern in the vegetative zygote population also (Fig. 2b). 

To verify that the experimental conditions of dark incubation 
or nitrogen starvation delayed the first division of the vegetative 
zygotes, and to estimate the approximate extent of this delay, 
subsamples of the mating population were plated on standard 
agar-solidified medium and incubated in various conditions. 
Periodically, sterile liquid was added to the surface of the sample 
plates and the adherent cells were respread. Respreading after 
zygote division had occurred would be expected to result in an 
increase in the number of colonies subsequently recovered. 

In this manner, it was shown that: (1) incubation in darkness 
delayed the onset of the first division by approximately 40 h (Fig. 
3a); (2) no division of the vegetative zygotes occurred during 
maintenance in nitrogen-free medium (Fig. 36), and (3) under 
continuous illumination, division always occurred within 30h 
after the return of available nitrogen, regardless of the duration 
of the previous dormant (nitrogen-starvation) period. 

While these observations demonstrate a previously unrecog- 
nised potential for uniparental inheritance in vegetative zygotes, 
they perhaps more importantly reveal a remarkable influence of 
external environment on chloroplast inheritance. This influence, 


| 
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which extends also to zygospores of C reinhardtii*''-'*, must be 
borne in mind when defining laboratory conditions for studies 
on chloroplast inheritance, and when interpreting and compar- 
ing the results of such experiments conducted in different 
laboratories. 

The correlation between delayed division and uniparental 
inheritance suggests an alternative to previous arguments that 
uniparental inheritance is, in itself, of direct selective 
advantage’*'*. The molecular mechanism responsible for uni- 
parental inheritance in Chlamydomonas apparently involves 
extensive degradation of zygotic chloroplast DNA (normally 
present as multiple copies of a small genome in vegetative 
cells)'*"*, Perhaps chloroplast genome polyploidy is a luxury 
permitted only in an optimum environment, and reduction in 
ploidy level represents an energy-conserving measure essential 
to the maintenance of viability in a hostile environment. Viewed 


in this way, uniparental inheritance 1s seen as an indirect . 


consequence of direct selection, in evolutionary history, for the 
dormant, highly resistant stage (the zygospore) in the life cycle of 
Chlamydomonas. 


Fig. 2 Effect of post-mating environmental conditions on the 
transmission of chloroplast genes in vegetative zygotes of C. rein- 
hardm. a, Effect of post-mating incubation in darkness. Chloro- 
plast mutants remstant to neamine (mi* parent) and to strept omy- 
cm (mt parent) were crossed following standard procedures 

and the mated cells plated on acetate-supplemented minimal 
medium for the selection of vegetative zygotes (complementary 
recessive nuclear mutations to arginine auxotrophy were carried by 
opposite mating types). Subsamples of the selection plates were 
incubated in darkness for the periods indicated and were then 
transferred to continuous light. Resultant zygote colonies were 
replica-plated to medium supplemented with 75 pg mal’ neamme 
and to medium supplemented with 100 gml streptomycin. 
Biparental vegetative zygote clones are defined as those which 
yield growth on both of the antibiotic test media 6,’ Effect of 
post-mating nitrogen starvation. Parental strains are as described 
in (a) above. Gametogenesis and matmg were carned out in 
nitrogen-free medium and the mated culture held in the same 
medium for 6 d. Samples were penodically withdrawn at the times 
indicated and plated on nitrogen-containing, acetate-mupplemen- 
ted standard medium under continuous illummation. Biparental 
zygote clones were defined as described above. Open and shaded 
circles represent separate repetitions of the same cross. 64 vegeta- 
tive zygote clones were analysed from each dark incubation (a) or 
nitrogen-starvation (b) penod. Vertical bars indicate 95% 

confidence limits. 
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Fig. 3 Effect of post-mating environmental conditions on the 
timing of the first drvision of vegetative zygotes of C re:inhardni a, 
Effect of post-mating mcubation in darkness. Mated cells were 
plated on acetate-supplemented minumal medium and incubated 
either under continuous illumination (©) cr un darkness(@, MD). At 
the times indicated, the adherent cells were respread. Sample 
plates incubated in darkness were returned to the light at each 
indicated time both with (@) and without (Ml) respreadimg. The time 
of the first vegetative zygote division can b= estimated by compar- 
ing the number of colonies recovered on respread and non- 
respread plates b, Effect of post-matirg nitrogen starvation. 
Mated cells were removed from nitrogen-free medium and were 
plated on acetate-supplemented minimal medium within 2 h after 
mating (@), and after 24 (O), 48 (MM), or 72 (I)h of post-mating 
nitrogen starvation. Adherent cells were respread periodically 
after plating (the first symbol, in each case, indicates the average 
colony count on non-resprea-d plates). 
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Sensitivity of corticosteroid-dependent 
insulin-resistant lipogenesis in marrow 
preadipocytes of 

obese-diabetic (db/db) mice 


IT is well known that adipocytes with specific cell-membrane 
insulin receptors respond to insulin by increasing glucose 
uptake, oxidation and lipogenesis in the presence of glucose'~. 
Maintenance of adipocyte insulin sensitivity during a state of 
relative muscle cell insulin resistance has been considered a 
possible mechanism for obesity in diabetes mellitus’. I now 
report that a distinct cell phenotype resists insulin but accumu- 
lates lipid in response to corticosteroid. Furthermore, corti- 
costeroid-induced lipogenesis is significantly greater in marrow 
preadipocytes of mutant diabetic-obese mice. 

Weanling 6-8 week-old NIH/Swiss, BALB/c (National 
Cancer Institute), C57 BL/KsJ-db (genotype db+/db+) 
diabetic mice and their control littermates db+/m+ and 
m+/m+ (Jackson Laboratories) were killed by cervical dis- 
location and the marrow contents of a single femur and tibia 
were flushed in 10.0-m] volumes of Fisher’s medium (Gibco), 
supplemented with 25% serum (donor horse, fetal calf or goat), 
into plastic flasks (Corning) as before” and standardised to 
2.0 x 10’ cells per culture. A sample of donor horse serum (Flow 
Laboratories, Manchester) which has been reported to induce 
lipid accumulation in marrow cells, was provided by Dr T. M. 
Dexter. The serum factor(s) stimulating lipid accumulation by 
these cells and their role in maintaining haemopoiesis in vitro are 
unknown. 


Fig. 1 Morphological appearance of the adherent cell population 

in a 4-week marrow culture grown in: a, ‘deficient’ lot 4107064 

horse serum (100); or b, the same serum supplemented with 
107 M hydrocortisone sodium hemisuccinate (x200). 
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Fig. 2 Kinetics and sensitivity of corticosteroid-induced adipo- 
cyte colony formation in obese-diabetic compared with control 
mouse marrow. a, Results are the mean of at least three cultures at 
each time grown in 10°’ M M insulin (open symbols) or 10°’ M 
hydrocortisone sodium hemisuccinate (closed symbols) for each 
mouse strain; b, results are the mean of total adipocyte colonies per 
flask scored at week 6 for at least three cultures at each concen- 
tration of hydrocortisone sodium hemisuccinate alone (open 
symbols) or in the presence of 1077 M insulin in addition to steroid 
(closed symbols). J), CS7BL/Ks-J (db/db); O, C57BL/Ks-J (db/m 
or m/m); ©, NIH/Swiss; and A, Balb/c. 


Cultures were incubated at 33, 31 or 37°C and were depo- 
pulated and fed by weekly removal of half the flask volume (5.0 
ml) and replacement by an equal volume of fresh medium. 
Cultures were recharged at week 4 by addition of the contents of 
a second mouse femur®. Sera from several sources were 
supplemented with each of several concentrations of hormones 
listed in Table 1, and cultures were scored daily for the number 
of macroscopic adipose cell-containing colonies per flask and of 
adipose cells per high-powered microscopic field (Olympus 
inverted microscope). As Table 1 shows, Manchester serum 
supported formation of more than 100 macroscopic adipose cell 
colonies per flask by week 4. This was associated with more than 
100 adipocytes per high-powered field in the centre of such a 
colony. Each of 16 lots of horse serum (Flow Laboratories, 
Rockville), eight lots of fetal calf serum (Colorado Serum Co. or 
Gibco), or goat serum in concentrations ranging from 10 to 50% 
failed to stimulate adipose cell differentiation (Table 1). Addi- 
tion of arachidonic acid (Nu-chek, Elysian, 0.5-500 yg mI’), 
bovine insulin (Sigma, 0.5-500 jg ml‘), butyric acid, 
dimethylsulphoxide or idodeoxyuridine to deficient sera failed 
to stimulate adipocyte differentiation, 

In contrast, addition of hydrocortisone sodium hemisuccinate 
(Solu-Cortef, Upjohn) in doses between 0.05 and 500 ng ml"! 
(107-10 M) resulted in dose-dependent adipose cell 
differentiation (Fig. 1) with 12 of the 16 lots of donor horse 
serum and to a lesser extent with fetal calf or goat serum (Table 1 
and Fig. 2). Addition of corticosteroid to Manchester serum did 
not further increase the numbers or size of adipocyte colonies. 
Removal of corticosteroid from the medium after adipocytes 
had differentiated was associated with gradual loss of adipo- 
cytes. Thus, the continued presence of corticosteroid was 
absolutely required. 

Other corticosteroids were effective as well as the mineralo- 
corticoid, d-aldosterone and the 17-hydroxy adrenal corticos- 
teroid corticosterone (Table 1). Ostrogenic, androgenic or pro- 
gestational steroids were inactive in the range 10 -10 M 
(Table 1). With optimal corticosteroid concentration, 10°’ M, 
adipocyte differentiation increased directly with serum concen- 
tration in the range 0.5-25.0%, thus arguing against the 
presence of aserum inhibitor. Corticosteroid-induced adipocyte 
differentiation was observed in cultures at 31 and 37 °C but was 
optimal at 33 °C. 

Marrow from C57B1/Ks-J (db/db), (db/m), (m/m), BALB/c 
and NIH/Swiss mice was next compared for steroid sensitivity of 
adipocyte differentiation. There was no detectable lipid accu- 
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E E in db+/db+ or control littermate marrow pre- 
adipocytes in response to increased fatty acid conceatration or 
insulin (Fig. 2a). When 2 x 10’ marrow cells were cultured in 10” 
M hydrocortisone, db/db preadipocytes yielded significantly 
more adipocyte colonies after 8 weeks than did preadipocytes 
from control littermates. Figure 2b shows that this reflected a 
true increase in sensitivity of db/db cells to corticosteroid. 
Significant adipocyte differentiation was detected at a corti- 
costeroid concentration (10° M) 100 times. lower than that 
required by marrow from control littermates: 

Evidence that marrow preadipocyte differentiation was truly 
insulin independent was provided as follows. Cultures were 
preincubated in insulin (107*°-10~’ M) for up to 4 weeks with no 
` alteration in the number of adipocyte colonies induced after the 
addition of 107’ M corticosteroid at week 4. Addition of insulin 
to corticosteroid-containing cultures of db/db or control mar- 
row did not further stimulate or block lipogenesis (Fig. 25). 

When adipocytes differentiated in hydrocortisone-treated 
cultures 5—7 times as many adherent cells and 100-500 times as 
many nonadherent cells were detected in culture fiasks at weeks 
4, 8, 12 and 14 as in untreated cultures. There was persistent 
proliferaton of pluripotent haemopoietic stem cells (CFUs) and 
GM-progenitor cells (CFUc) for at least 14 weeks in steroid- 
treated cultures while untreated cultures failed to support 
hacmopoiesis after week 6 (Fig. 3). It is not known whether the 
increased numbers of CFUc and CFUs arose from corticos- 
teroid-induced cells or were present in the inoculum and 
required corticosteroid for their proliferation or maintenance of 
a growth stimulatory microenvironment. Recent data indicate 
that when preadipocyte differentiation is blocked by Kirsten 
murine sarcoma virus, in vitro haemopoiesis’* is inhibited. 

Epididymal adipocytes resist ‘lipogenesis by insulin after 
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Fig. 3 Influence of corticosteroid-induced marrow preadtpocyte 
differentiation on pluripotent etic stem cell and GM- 
progenitor cell proliferation in oftro. Cultures of NIH /Swiss mouse 
marrow were collected weekly by removal of half the flask volume 
(5.0 ml) and assayed for total numbers of spleen colonies (CFUs) 
and in vitro GM colonies (CFUc)™ detected per 10° cells. Results 
are corrected for the total number of colony-forming cells in the 
5.0-ml removed and are the mean and standard error for at least 
three flasks at each week. a, CFUc for 25% ‘deficient’ lot 4107064 


. horse serum alone, @; or with 10°’ M hydrocortisone sodium 


hemisuccinate, O. b, CFUs for 25% ‘deficient’ horse serum alone, 
@; or with 10°” M hydrocortisone sodium hemisuccinate, O. 


insulin-preincubation and this has been shown to eeerene 


. Takke 1 A a ans 


No. adipose coll l No. adpocytes/ 
tands/culture high powered field 
Serum with or without sterosd Weeks in m miro culture , i 
(molar concentration) 1 2 4 8 15 l 2 4 8 15 
Fetal calf serum 
Colorado alone . 0 0 0 0 0 8 3 1 0 0 
Sodium hemusnecmate (1077) 10 16 45 30 17 50 75 85 75 71 
Sodium hemesoccmate (1077) 8 35 18 21- 16 13 57 %0 65 60 
Gibeo alone 0 0 0 G 0 4 0 0 0 0 
Goat serum ajone G 0 g G 0 8 0 0 0 0 
Goat serum 
' Sodium bemzsuccinate (107) 8 10 6 1 I 4 18 25 25 18 
Flow Laboratorica ) 33 40 >100 _>100 53 79 >100 >100 >100 50 
Flow Laboratones (Rockville) 
Lot 4107064 0 0 6 3 0 8 1 10 0 0 
Lot 29211001 0 0 0 0 0 0 0 0 Q 0 
Lot 29210011 0 0 0 0 0 0 0 0 0 0 
Lot 4017064 +brydrocortuone ‘ 
Sodmm hemieaccmate (1077) 41 >100 >100 >100 41 >100 >100 >100 >100 31 
+Methytprednisolone sodium hemtsccinate (10°) 50 >100 >100 >100 61 >100 >100 >100 >100 41 
+Cortisone acetate (107°) 51 >100 >100 >100 13 >100 >100 >100 >100 50 
+Dexamethasone phosphate (1077) 10 >100 >100 >100 61 >100 >100 >100 >100 40 
Prednnolone sodmm phosphate (1077) 8 >100 41 3 z2 17 51 >100 >100 30 
+Tostostcrone (10) 0 0 0 0 6 0 0 0 0 
+Ocstradiol valorate qo") 0 0 0 ‘ 0 0 8 0 0 0 0 
+d-Aldosterone (10) 10 30 43 >100 30 6 >10 >10 >10 40 
+Testosterone (10°) 0. 0 0 0 0 10 0 0 0 0 
+ Androstanchone (10) 0 0 0 0 0 5 0 0 0 0 
+Corticosterone (10) 0 20 30 >100 20 8 40 >100 >100 30 
+Debydrocpumncdrosterone sulphate (10) 0 0 0 ‘0 0 10 0 0 0 "0 
+8-Ocstradiol . (10-7) 0 0 0 -0 0 6 0 0 0 0 
+Orstriol (10) 0 0 0 0 0 5 0 0 0 0 
+Ocstrooe (10°) 0 0 0 0 0 8 0 0 0 0 
+Progesterone (10) 0 .0 0 0 0 10 0 0 0 0 
+Prognenolone (1077) 0 0 0 0 0 9 0 0 0 0 





Each week drugs (Sigma) wore dissolved in ethanol or acstone according to published procedures in 1,000-fold concentrations and added m 0,.01-ml volumes to each 
10-mi culture flask. Results are the mean for at loast throe cultures in each set of conditinons At least 10 microscopic fields were scored for each culture. The cortisol 
concentration meesured by rachotmanmnnoenay in Manchester horse scram (10.0 pa mi~ D) did not differ significantty from that found m sxx lots of Rockville borse, fetal calf 
or goat serum (range 2.5-25 pg ml” 1). No difference was detected m corticosterone or ¢-aidosterone concentrations. These levels reflect total protein-bound and free 
corticosteroid. The Pe Re na rae eae er eet Cae eee oe ce em Sele NU een ee rE 
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Enzyme replacement using 
liposome carriers 
in feline Gw, gangliosidosis fibroblasts 


CURRENT emphasis in research on lysosomal storage diseases is 
directed towards enzyme replacement therapy (ERT) for these 
inherited enzyme deficiencies’. The rationale for ERT is based 
on the assumption that endocytosed enzyme would enter 
lysosomes and function in the degradation of accumulated 
substrates. However, inactivation of enzyme, immunological 
reactions and iow cellular uptake have prevented successful 
application of this promising approach to therapy. Circum- 
vention of these limitations requires the use of carriers which 
protect and stabilise replacement enzyme while enhancing 
uptake and subcellular distribution’. We report here the use of 
lipid vesicles (liposomes)? as carriers for replacement enzyme 
in feline Gwu: gangliosidosis fibroblasts which have deficient 
8-galactosidase (@-gal) activity and lysosomal storage of gly- 
copeptides””''. Our results demonstrate increased B -gal activity 
and corresponding catabolism of stored glycopeptides in feline 
Gy gangliosidosis fibroblasts treated with liposomes containing 
B-gal. 

Fibroblast cultures derived from skin of normal! cats and cats 
with Gm: gangliosidosis were maintained in McCoy's 5a medium 
with 20% fetal calf serum'*. B-Galactosidase activity was 
determined with the fluorogenic substrate, 4-methyl-umbelli- 
feryl-@-D-galactoside (4-MU-@-galactoside) (1 unit= 1 nmol 


substrate cleaved h™')'*'*, and protein was estimated by the 
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Fig. 1 Elution patterns of '*C-GP from a 0.9x 100cm BioGel 

P10 column. Homozygous dominant fibroblasts at: a, end of pulse 

and $, 240 h after pulse, and homozygous recessive fibroblasts at: c, 
end of pulse and d, 240 h after pulse. (4 mi fractions.) 


method of Lowry’*. Partially purified B-gal was obtained by 
concanavalin A chromatography of acetone-precipitated 
normal feline liver homogenate'’, Large multilamellar 
liposomes (1,000-6,000 A) containing B-gal [L(B8-gal)] or 
thorium dioxide (L[thor]) were prepared from phos- 
phatidylcholine, dicetyl phosphate and cholesterol in a molar 
ratio of 7:2:1 (refs 5-8). Emulsification of the lipids in 6 ml of 
aqueous -gal or thorium dioxide in a bath-type sonicator 
produced liposomes containing 11-13% of the total aqueous 
solute, 

Entrapment of solutes within aqueous interstices of liposomes 
was confirmed by chromatographic separation of liposomes 
from unentrapped solute and by demonstration of latency of 
entrapped solutes*. The integrity of the liposomes during 
incubation with fibroblasts was demonstrated by similar analysis 
of spent culture fluid®. In all cases, there was retention of 
entrapped solutes within chromatographic fractions containing 
liposomes. Entrapped 8-gal was shown to be latent until the 
liposomes were lysed with Trixon X-100. 

Normal and Gy; gangliosidosis fibroblasts were incubated 
with 2 Ci '*C-galactose to label the endogenous glycopeptide 
pool''’. The degree of labelling and metabolic fate of “C- 
galactose-labelled glycopeptides (‘“C-GP) were evaluated at 
48-h intervals by chromatographic separation on BioGel P10. 
The elution patterns of ‘““C-GP from normal and Gy, 


Fig. 2 Dynamics of ‘“C-GP metabolism in (@) homozygous 
dominant and {A} homozygous recessive fibroblasts following a 
48-h pulse with 2 pCi '*C-galactose per mg protein. 
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gangliosidosis fibroblasts are shown in Fig. 1. Total '“C-GP was 
expressed for each interval as d.p.m. '“C per mg protein in 
fractions 5-11. In normal fibroblasts there was initial labelling of 
'4C_GP followed by rapid catabolism and clearance of '*C, 
reflecting normal 6 -gal activity. However, in Gm: gangliosidosis 
cells B-gal deficiency was expressed by retention of '‘“C-GP (Fig. 
2). 

Uptake and intracellular fate of liposomes were evaluated by 
electron microscopy of fibroblasts which had been incubated 
with L{thor]. Monolayers were incubated with 2,000 pg 
liposomal lipid for 6h, washed three times, detached with 
0.25% trypsin, centrifuged and prepared for electron micros- 
copy'’®. The intracellular accumulation of thorium dioxide 
within heterophagosomes and membranous residual bodies is 
shown in Fig. 3. 





Fig. 3 Electron micrograph of a Gm: gangliosidosis fibroblast 
following incubation with L[thor] demonstrating the presence of 
thorium dioxide within the lysosomal apparatus of the cell (bar = 
1.0 um). Insert illustrates fusion between a secondary lysosome (L) 
containing Thorotrast and a membranous residual body (R) 
characteristic of Gm, gangliosidosis fibroblasts (bar = 0.1 yum). 


The efficacy of ERT was evaluated by labelling Gy, 
gangliosidosis fibroblasts with '“C-galactose as described above. 
After 48h, each monolayer was treated with either L[@-gal] 
containing 3,000 units of B-gal activity and 2,000 ug liposomal 
lipid or 3,000 units of unentrapped 8-gal. Control samples 
consisted of untreated fibroblasts, fibroblasts treated with 
liposomes containing buffer, or fibroblasts treated with 
liposomes containing buffer plus unentrapped 6-gal (3,000 
units). Treatments were repeated and samples collected in 48-h 
intervals. Changes in ‘““C-GP were monitored as described 
above, and changes in enzyme activity were monitored by assay 
of cell lysates. Treatment with either unencapsulated 8-gal or 
any of the control treatments had no effect on '“C-GP storage. 
However, treatment with L[8-gal] resulted in clearance of 
>80% of '“C-GP and increased B-gal activity to 70% of 
normal, reflecting uptake of approximately 10% of the total 
enzyme activity presented in liposomes (Fig. 4). 

Characterisation of this in vitro system, in which the dynamics 
of naturally occurring lysosomal storage can be quantitated, 
provides a unique model for precise assessment of ERT. Endo- 
genous storage material in feline Gm: gangliosidosis fibroblasts 
seems to be similar to that found in human Gm: gangliosidosis 
fibroblasts’. This glycopeptide is structurally similar to storage 
material found in hepatocytes of human and feline Gy, 
gangliosidosis'”'*, suggesting a potentially meaningful analogy 
between in vitro and in vivo therapeutic trials. 

The ultrastructure of cells treated with L[thor] confirmed the 
lysosomotropic effect of liposomes. Although fusion of 
liposomes with primary lysosomes has been documented pre- 
viously”, this study clearly demonstrates fusion of liposomes 
with membranous residual bodies characteristic of many 





755 





O 

2 

g 

2 140 140 s 

3 $ 
g z4 
SE 120 > 
23 100 2 = 
3 g 3% 
=e 80 F- 
U a 
a3 5 ; DEE 
Šo ; Ee 
S* 40 ; ; 3 E 
U E = S 
Ta ° 5 4120 + 32 

ba | o- 

T C Oou ë r ae OS Ee 

z 48 96 144 192 240 

xe Time (h) 


Fig.4 Effect of enzyme replacement therapy on !4C-GP storage 
and B-gal activity of Gm: gangliosidosis fibroblasts treated with: @, 
A, unencapsulated 8-gal, or, O, A, L(B-gal). Differences in g DA 
GP storage and -gal activity of all contro] samples and samples 
treated with unencapsulated 8 -gal were not statistically significant. 


lysosomal storage diseases. This observation is important evi- 
dence supporting the potential value of liposome carriers in the 
prevention and reversal of lysosomal storage. 

Failure of fibroblasts treated with unencapsulated enzyme to 
increase enzyme activity or degrade accumulated substrate 
supports the contention that a carrier is needed to introduce 
therapeutic quantities of hydrolytically active enzymes. 
Furthermore, increased levels of appropriate enzyme activity 
and enhanced degradation of endogenously accumulated sub- 
strate clearly demonstrate the value of liposomes as carriers of 
replacement enzyme in the correction of a metabolic defect in 
fibroblasts. 
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Calcium and magnesium ions and 
the regulation of multiplication 
in normal and transformed cells 


THE relative importance of Ca** and Mg’* in the regulation of 
cellular multiplication and alteration of that regulation by viral 
transformation has recently become a subject of considerable 
interest". Extracellular Ca** and Mg’* both have effects on 
metabolic parameters and macromolecular synthesis in cultured 
cells. Mg?*, because of its substrate level intracellular concen- 
tration and its role in macromolecular synthesis and intracellular 
transphosphorylation reactions, has been suggested as a possible 
coordinate regulator of the positive pleiotropic response, a 
coordinated array of reactions associated with initiation of DNA 
synthesis and multiplication in cultured cells**. Ca**, on the 
other hand, has been suggested as a short term regulator of cell 
growth and function, largely on the basis of its tightly regulated 
low cytoplasmic concentration’™’’. In this report, we describe a 
kinetic analysis of the effects of extracellular concentrations of 
Ca?* and Mg** on survival and multiplication of normal and 
transformed human cells in culture. We have found that cellular 


Fig.1 Multiplication response of normal and transformed human 
lung fibroblasts ‘to Mg**. a, Colony sme: previously described 
procedures for clonal growth and measurement of colony size 
were used, with the modifications described below. The basal 
medium was MCDB 105 (ref. T4) with pantothenate supplied as a 
sodium salt (Sigma), and with calcium chloride apd magnesum 
sulphate omitted. For these experiments the basal medium was 
supplemented with 1.0x 107° M ultrapure grade CaCh'- 4H20 
(Alfa) and 250 ugml' dialysed fetal bovine serum protein ` 
(FBSP)**. Ultrapure grade MgSO, -7HO (Alfa) was added as 
indicated. Polytysine-coated tissue culture Petri dishes were used 
for N-HLF*® Uncoated dishes were used for SV-HLF, whose 
multiplication is either unaffected or slightly inhibited by the basic 
polymer. Each 60-mm dish was inoculated with 100 cells and 
incubated for 14 d. @, Normal cell data for MRC-5 (ATCC CCL 
171) at pessage 20. Similar results have also been obtained with 
WI-38 and FLOW-2000 cells. O, Transformed cell data for SV40 
virus transformed WI1-38 Gubline 2RA, ATCC CCL 75 1} The 
size of the five largest colonies per plate was measured pho- 
tometrically with an aperture of 7 mm for N-HLF and 4 mm for 
SV-HLF as previously described’? We have shown experimentally 
by trypsinisation and direct cellular counting with a Coulter coun- 
ter that the photometric measurement averaged over the five 
largest colonies per dish 1s linearly related to the total number of 
cells per Petn dish (the sum of all colonies) and to the number of 
cellg per colony in the colonies that are measured. Thus, the 
photometric measure can be used as an accurate indicator of total 
multiplication during the incubation penod. b, multiplication rate: 
During the observation periods used here (7-14 d), the increase in 
colony sire is cesentially exponential The increase in log C against 
t, where C is colony size and ¢ incubation period, measured either 
by photometric or direct counting methods has a linear correlation 
coeffiaent > +0.93 for any given set of experimental conditions 
during that time period. Experimental data were normally collec- 
ted after 14 d of incubathon to minimise error in measurement of 
very small colonies. Colony size in photocell units was converted to 
multiplication rate by the formula r= 3.32(logio C,—logio Co)/t 
where r=cell generations (population doublings) per d, (= 
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multiplication rate (number of population doublings per unit 
time) and also cellular ‘gurvival rate’ (percentage survival 
divided by time) can be substituted in place of reaction rate in 
classical enzyme kinetic formulae (Fig. 1). Both responses exhi- 


_ bit saturation kinetics, with a transition from first order response 


to zero order, as the concentration of calcium, magnesium, or 
any other essential component of the culture medium is 
increased. Rate plotted against concentration yields the expec- 
ted right rectangular hyperbola described by the Henri- 
Michaelis-Menten formulation, and the expected linear relation 
when plotted by the Lineweaver-Burke or van Hofstee 
methods. Linear regression of the Lineweaver—Burke double 
reciprocal plot yields from ‘its intercepts a maximal rate for 
multiplication or survival (equivalent to V wex in classical enzyme 
kinetics) and a Michaelis-Menten constant (Km) equal to the 
substrate (or ligand) concentration yielding a half maximal rate 
of multiplication or survival. i 

In order to apply Michaelis-Menten kinetic analyses to cellu- 
lar multiplication and survival, we have made the following 
assumptions: (1) each substrate or ligand (S) interacts with sites 
on or in each cell (C) to form complexes (CS), operationally 
equivalent to the ES complex of first order enzymatic reactions; 
(2) although each cell may have many sites that form complexes 
with S, the interactions between these sites and S are such that 
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incubation period in d, 3.32 = reciprocal logio2, C, = colony size in photocell units at the end of t d, and Co = colony size in photocell units at time 
zero. Co # a general background constant determined by linear regression to t = 0 of a plot of log;9C against r. For N-HLF, Co = 0.080 photocell 
units, and for SV-HLF, Co = 0.11 photocell units. The experimentally determined multiplication rates (r) for the various concentrations of Mg°* 
have been fitted to a right rectangular hyperbola according to the Henri-Michaelis—Menten formulation. c, Lineweavey—Burke double recrprocal 
plot of the data from b Values for the Miachaclis_Menten constant (Ka) corresponding to the concentration of Mg” yielding a half maximal 
multiplication rate, and for ree, are obtained from the intercepts as shown. The best linear fit to the data was determined by ‘least squares’ 
estimate. Experiments resulting in regression lines with linear correlation coefficient <+0.80 were rejected for use in these analyses. Errors in 
K and Fmax Wore estimated by Gaussian analysis of variance based on single data points which were means of triplicate determinations. Standard 
errors between, triplicate individual determmations are indicated in a and b for N-HLF. For N-HLF, Koa 4.8(+1.6)* 107M, Tuar ™ 
0.492 + 0.055, and for SV-HLF, Ka = 4 2(41.0)x 107° M, Fams = 0.425 + 0.010 at P =0.05. The transformation of data on colony size and 
incubation time to a rate function distinguishes this analysıs from previous studies seeking to apply enzyme reaction rate kinetics to cellular 
growth response, in which the fraction of cells synthesising DNA was measured rather than actual cellalar multiplication rates 
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Table 1 Interaction of Mg** and Ca?* in multiplication of normal and transformed human lung fibroblasts 


N-HLF SV-HLF 
i m g fmax og l eenex 
Mg M) (mol 17’) (cell generations per d) (mol 17") (cell generations per d) 
1077 1.2(+0 70)x 107° 0.433 40.025 1.1(+0.64)x 107° 0 412+0.025 
NS (P <0.001) (0.05<P<0.10) (0.02 < P<0.05) 

10%. 1.5(+1.25)x 107° 0 314+0.039 1 7(£1.4)x 107° 0.398 + 0 022 
Ca?*(M) ko Trex Kar wax 
107° 3.9(+0.32)x 107° 0.463 +0.010 7.8(+0 98)x 107’ 0.404 +0.010 

(P <0.001) NS (P<0.001) (P<0 001) 
10~* 1.1(+0.80)x 10 0.481+0.08 3.3(+£0 83)x 10° 0.351+0.022 


Kinetic parameters for the stimulation of multiplication of N-HLF (WI-38, passage 20) and SV-HLF by Ca?” and Mg?* were determined for each 
ion as a function of the concentration of the other. The procedures were the same as described in Fig. 1. The concentrations of both ions were varied 
within a single series of aseays using the same stock cultures, basal media and FBSP. Values +95% confidence lumits are indicated. The probability (P) 
that the difference between values is due to chance was determined by Student's ¢ test and is indicated between rows NS, not significant or P > 0.10. 


formation of CS can be treated as a first order function of S; 3) Fig. 2 Ka values for multiplication ard survival responses of 


N-HLF and SV-HLF to Ca’ 


for each substrate or ligand (S), the rate of cellular multiplication 
(or survival) when all other substrates or ligands are constant is a 
first order function of the concentration of the CS complex; (4) 
the concentration of S 1s large relative to the concentration of 
sites in or on the cells, such that formation of CS does not 
significantly alter S; (5) consumption of S is sufficiently small that 
its concentration is not altered significantly and rates can be 
considered uniform throughout the assay penod; (6) the rate of 
equilibration among cells, S, and CS complex is rapid relative to 
the rate of cellular multiplication or other processes that affect 
the concentration of CS; and (7) in the case of cellular multi- 
plication, ıt is also necessary to assume that all daughter cells are 
identical to the parental cells, and cells remain in an exponential 
pattern of multiplication with no significant differentiation or 
other forms of withdrawal from the cell cycle. 

The experimental system used in these studies is clonal growth 
of human diploid fibroblast-like cells derived from fetal lung 
(WI-38, MRC-5 and FLOW-2000 are interchangeable and are 
referred to as N-HLF) and a.comparable transformed line 
(SV40 transformed WI-38, referred to as SV-HLF). An opti- 
mised medium (MCDB 105 (ref. 14)) was used which has each of 
its components adjusted to the centre of the concentration range 
yielding a zero order response’*"*. The volume of medium per 
cell is large, and direct analysis of used media has venfied that 
the concentrations of essential components do not change 
significantly during the assay period. Thus, the system seems to 
satisfy the assumptions made, as will be described elsewhere. 

For N-HLF, both Ca** and Mg’* are absolute requirements 
for multiplication, even when the.other is present in saturating 
amounts. The requirements for multiplication are much greater 
than those for survival (Fig. 2). In these experimental conditions, 
the KM** for survival ıs only 5-6% of that for multiplication, 
and no effect of Ca** on survival rate can be demonstrated (zero 
order response). However, we cannot conclude that no Ca** is 
needed for survival, as atomic absorption spectrometry shows 
that the ‘calcium-free’ test medium contains 1.5 (+0.12)~x 
107° M calcium as a contaminant. The comparable ‘magnesium- 
free’ medium contains 8.6(+0.46)x 107° M magnesium. These 
amounts are not due to contaminants in the high purity calcium 
and magnesium salts (each of, which contains less than 2 p-P.m 
of the other) or in the dialysed serum protein (250 ug ml") used 
in the assay. . 

Transformation of N-HLF with SV40 reduces the K wa for 
multiplication to that required for maintenance of either the 
normal or transformed cell (Fig. 2). In contrast, the amount of 
extracellular Ca’* required for a half maximal rate of multi- 
plication (K S% ) is changed little by transformation. However, 
some multiplication of SV-HLF occurs in the absence of added 
calcium, which could reflect either the background Ca** 
contamination or a ‘basal’ growth rate that does not require 


and Mg”* Ka values were deter- 
mined as described for Fig. 1. Responses to Ca?” and Mg”* were 
measured with 250 ug ml `! FBSP and 1.0x 1077M of the other 
lon. Survival rate was determined by incubating 100 cells per 
60-mm Petn dish in 5.0 ml of a medium that is not permissive for 
multiplication. After 4 d, the medium was replaced with a complete 
growth medum and the dishes were incubated for a further 10d 
after which the colonies were fixed, stained and counted. The 
survival media were similar to the growth media described for Fig. 
1, except that in place of FBSP they contained 80 ug ml? delip- 
dated FBSP**. Delipidation of FBSP removes or inactivates one or 
more factors that are essential for multiplication of both types of 
celk’, N-HLF will survive in MCDB 105 without proliferation in 
the total absense of serum-derived factors’? '*. However, survival 
of SV-HLF in the same medium requires serum-derived factors 
that are not inactivated by delipidation. Delipidated serum was 
used with both types of cells for uniformity. Survival rate (number 
of survivors divided by days in survival medium) was measured as & 
function of concentration of Ca’* or Mg?* (with the other at 
1.0x107* M) and K,, values for survival were determmed from 
Lineweaver—Burke double reciprocal plots. White bars, multi- 
plication; shaded bars, survival. Each value represents mean+ 
s.c.m. of three independent determinations using different stock 
cultures, media and FBSP preparations Under the experimental 
conditions, Ca?* has no effect on survival rate of N-HLF, possibly 
because of a low background level of caicrum in the basal medium 
(see text). 
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Ca**. Additional experiments in a cleaner background medium 
are needed to distinguish between these possibilities. In contrast 
to N-HLF, SV-HLF cells exhibit an easily measured survival 
response to Ca°* which can be extrapolated to give a KẸ” of 
about 2.9x10°°M. The KM” for survival is essentially 
unchanged by transformation. 

In an attempt to determine whether Ca?* or Mg** exerts the 
most proximal effect on cellular multiplication, we determined 
both K,, and r,,,, for each ion as a function of the other (Table 1). 
For N-HLF, the amount of Mg’* in the medium has little effect 
on the amount of Ca” needed for a half maximal response 
(K“*) but has a direct effect on the maximal growth response 
to calcium that can be obtained (E7 ). Ca**, however, has no 
effect on the maximal growth that can be obtained (re? `), but 
low levels of calcium significantly increase the amount of 
magnesium needed for the response {K m Me™) We interpret these 
results, in agreement with Rubin’, as indicating that for normal 
cells the role of Mg** is more proximal to the intracellular events 
that determine r7,,.,, for cellular multiplication than are those 
processes directly affected by Ca’”. 

In transformed cells, fmax values that can be achieved are 
affected less by Mg’*, but seem to be dependent on Ca*”. This 
observation is consistent with the interpretation that Mg** does 
not have a specific regulatory role in the multiplication of 
transformed cells and suggests that Ca?“ has the most proximal 
role in the multiplication of such cells. These striking and 
complex differences between normal and transformed HLF 
show the need for further investigation of the relationship. 

In the presence of saturating amounts of Ca** and Mg’ 
(10°° M each), multiplication, but not survival, of N-HLF is 
dependent on serum macromolecules whose role is presumed to 
be regulatory'*. To investigate the interactions among Ca**, 
Mg’**, and serum-derived regulatory macromolecules, we 
determined Km for both ions as a function of serum protein 
(FBSP) concentration in the medium (Fig. 3). K,, values for both 
ions tend to rise as FBSP concentration 1s reduced. However, at 
very low levels of FBSP, K*’’ rises very steeply, whereas K M®”’ 
levels off, suggesting that Ca?” may be the ion that interacts the 
more directly with serum macromolecules that exert multi- 
plication-stimulating effects on normal cells. 


Fig. 3 Effect of FBSP on apparent Km for Ca’ and Mg” for 
multiplication of N-HLF. Multiplication rate responses to Ca** 

and Mg?” with the other at 1.0 107 ? M were measured at each of 
the indicated levels of FBSP and K,, values were determined in a 
single experiment as described in Fig. 1. The N-HLF stock culture 
used here was MRC-S (passage 20). Vertical bars, s.e. due to the 






regression analysis. ©, K: @, KM 

40 E NF een ek ae po ee ae a PS et ab ota 

I T | 

ad 4 

‘| | 

20; 1 

> | 

: 10 - 
= f- 

x 

z 

a 250) J 

< 4.0L 4 

a 

pi l i | 

2.0) 1 

| | 

| | 

1.0 j a 

Ferhat Ree ee d ee ee LA CTY 

100 200 500 1,000 


FBSP (ug ml” ?) 


0028-08 36/78/0275-—0758301 00 


Nature Vol. 275 26 October 1978 


From these data we propose that (1) Ca’* and Mg’* have 
equally important roles in regulation of cellular multiplication 
that go beyond support of attachment and survival of non- 
proliferating cells; (2) transformation causes a selective loss of 
the regulatory role of Mg**, but not Ca°*, in cellular multi- 
plication; (3) in normal cells, Mg** has its regulatory effect on a 
process more proximal to the intracellular events of cellular 
replication than those processes affected directly by Ca’*; (4) in 
normal, but not transformed cells, the regulatory effect of Ca” 
is primarily mediated through Mg**-dependent processes; (5) 
the role of Ca?” is more proximal than that of Mg** to the action 
of regulatory macromolecules from serum in the chain of events 
which ultimately determine multiplication rate of normal cells. 
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Does Ca’* cause fusion or 
lysis of unilamellar lipid vesicles? 


MEMBRANE fusion is the central event in biological processes 
as diverse as secretion, fertilisation, endocytosis and pathologi- 
cal cell fusion, but as yet its mechanism is poorly understood’. 
To elucidate this mechanism, bilayer phospholipid vesicles have 
been used extensively as models for interacting biomem- 
branes’. As a result of studies involving differential scanning 
calorimetry and freeze-fracture electron microscopy, it has been 
suggested that vesicles made from acidic phospholipids can fuse 
when exposed to divalent cations’ °. For phosphatidylserine 
vesicles, the ‘critical’ Ca** concentration for membrane fusion 
seems to be ~ 1 mM, at which concentration a drastic increase in 
the permeability of the vesicle membranes has also been repor- 
ted*. The techniques used to demonstrate ‘fusion’ in this system 
do not exclude molecular mixing of interacting membranes by 
mechanisms other than genuine fusion. In the latter case, the 
membrane-bounded internal compartments of two separate 
vesicles must become confluent in a process which transfers the 
contents of the initial vesicles to the resulting vesicle. It is 
possible, however, that Ca** may cause rupture of the lipid 
vesicles, with subsequent reassembly of the membrane frag- 
ments to form larger non-vesicular structures. If this is occur- 
ring, bilayer vesicles are poor paradigms for biological 


© Macmillan Journals Ltd 1978 


Nature Vol. 275 26 October 1978 


Table 1 Leakage of “H-sucrose from liposomes 


Ca2* Mg** 
Control — 94.6 a 
0.1 88.6 94.1 
1 37.9 88.5 
10 1.3 13.7 


% of total radioactivity remaining associated with liposomes after 
incubation with divalent cations (mM) for 1 h. The higher divalent cation 
concentrations caused an increase in the size of lipid particles in the 
suspensions, preventing their passage through a Sephadex column. A 
Millipore filter (0.8 um pore diameter) was mounted above the column 
and the sample to be eluted was pipetted on to it. The column eluant was 
treated similarly. Consequently, any lipid particles below the size limit of 
the filter appeared in the vold volume and the eluant effectively washed 


any free sucrose from the larger particles trapped on the Millipore. 
Radioactivity remaining associated with the Millipore was counted after 
dissolving the filter in a Triton X-100-based scintillation mixture. A 


quenching correction was applied. 


membrane fusion. One may predict the likelihood of vesicle 
fusion by calculating their energy of interaction due to elec- 
trostatic repulsion and electrodynamic attraction’. This 
approach shows that the addition of 1 mM Ca? to a suspension 
of phosphatidylserine vesicles is unlikely to reduce electrostatic 
repulsion between liposomes sufficiently for any but a fraction of 
the smallest ones to approach to 0.8 nm separation. This finding 
suggests that vesicles cannot approach closely enough to fuse 
and supports the notion that Ca** may initiate vesicle lysis and 
reassembly. We report here experimental support for vesicle 
lysis, based on the redistribution of a marker for the aqueous 
phase between vesicles and the external compartment on 
exposure to divalent cations. 

Sonicated unilamellar vesicles were prepared from phos- 
phatidylserine (Lipid Products, grade 1, >99% pure; stored 
before use in chloroform under nitrogen at —20 °C) according to 
the methods of Papahadjopoulos et al.’**"'. The vesicles 
(10 pmol of lipid per experiment) were suspended in 2 m! of 
100 mM NaCl containing 20 pCi of *H-sucrose (Amersham). 
One hour after sonication they were separated from untrapped 
sucrose by elution of the suspension through a Sephadex G-50 
column. One 10-drop fraction (0.92 ml) representing the centre 
of the lipid peak was collected. This fraction was then exposed to 
a known final concentration of Ca”* or Mg’* for a further hour, 
after which the proportion of the total sucrose remaining asso- 
clated with the lipid was estimated by eluting the sample from a 
second Sephadex G-50 column (the eluting medium contained 
divalent cations at the same concentration as in the sample) and 
determining the amount of radioactivity in each fraction using a 
liquid-scintillation counter. These amounts were then compared 
with the location of the lipid peak in the total elution profile, as 
determined by phosphate analysis (modification of the method 
described by Allen") 


Fig. 1 Elution of p vesicles containing *H- 

sucrose from a Sephadex G-50 column (300 x 10 mm). The loca- 

tion of the lipid peak (W) was determined by phosphate analysis. 
Radioactivity (@) is expressed as c.p.m. x 107°. 
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In the absence of divalent cations, most of the marker 
remained associated with the vesicles 1h after the first gel 
filtration (Fig. 1). Exposure to increasing concentrations of Ca** 
or Mg’*, however, brought about a progressive release of °H- 
sucrose from the liposomes (Table 1). Ca** was more effective 
than Mg’*, a finding in agreement with the work of others”. 

If this release was the result of a divalent cation-induced 
increase in'vesicle membrane permeability, one would expect to 
be able tó incorporate radioactive sucrose into previously 
unlabelled vesicles by exposing them to divalent cations. To test 
this, sonicated vesicles were prepared in the absence of °H- 
sucrose. 20 Ci of this radiochemical were then added to the 
samples immediately after sonication and the uptake of 
radioactivity into vesicles was assesaed following exposure of the 
samples to Ca”* or Mg’. 

Without divalent cations, only 0.007% of the total marker 
became associated with the vesicles during the incubation (Fig. 
2). Thus, very little sucrose had leaked into vesicles or been 
adsorbed on to their membranes. Furthermore, the presence of 
Ca?* or Mg** hardly affected this uptake (Table 2). It might be 
argued that the results in Table 2 are artificlally low due to the 
loss of vesicle-incorporated sucrose during the separation of the 
lipid from the external compartment by the filtration procedure 
(see legend to Table 1). To exclude this possibility, vesicles were 
prepared without *H-sucrose. This tracer was then added to the 
external compartment, followed by Ca?“ to a final concentration 
of 10 mM. After 1 h, non-incorporated sucrose was removed by 
gel filtration, eluting with divalent cation-free 25 mM EGTA. 


l 5 
l 
Fraction 


Fig.2 Elution of a suspension of phosphatidylserine vesicles with 
*-sucrose in the external aqueous compartment from a Sephadex 
G-50 column. Symbols as in Fig. 1. 


_ 
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Chelating agents can halt the Ca?*-induced leakage of PNa* and 
“2K* from phosphatidylserine liposomes”; thus, any °H-sucrose 
which had diffused into vesicles during incubation with 10 mM 
Ca?* would not be washed out during elution. Only 0.002% of 
the total sucrose became associated with the lipid, implying that 
the values in Table 2 are not erroneously low. 

Permeability coefficients for phosphatidylserine membranes 
may be calculated from Tables 1 and 2. In the 10 mM Ca” case, 
the ratio of these coefficients for release/uptake is 144:1 
(1,170:1 in the EGTA version of the experiment). Divalent 
cations therefore seem to be able to bring about leakage of 
*H-sucrose from phosphatidylserine vesicles but not into them. 
It is unlikely that Ca?” or Mg?“ is able to open a unidirectional 
pore in membranes as relatively simple as those under consi- 
deration. The most probable explanation for these findings is 


Table 2 Leakage of *H-sucrose into liposomes 


Ca?* Mg** 
Control oe 0.007 — 
0.1 0.019 0.038 
1 0.004 0.032 
10 0.016 0.013 


% of total radioactivity becoming associated with liposomes after 
incubation with divalent cations for 1 h. The % of total radioactivity that 
might be expected to be captured if the liposomal! internal space 
equilibrated with the external space «0.486. Divalent cation concen- 
trations are in mM. 
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therefore that divalent cations bring about the complete rupture 
of phosphatidylserine vesicles, with production of structures 
which have lost the form of closed vesicles. This conclusion 
suggests the need for caution in interpreting vesicle ‘:permeabil- 
ity increases’ under the influence of agents other than Ca** and 
Me**. Regarding membrane fusion, it seems that the Ca**- 
phosphatidylserine system is an inappropriate model for bio- 
logical membrane interaction, as the final product of the reac- 
tion between these components is not vesicular, although some 
initial fusion may occur on addition of Ca** to the suspension. 
Identification of the factors essential to fusion must await the 
development of a reliable assay for the occurrence of this 
process in artificial membrane systems. 
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Uptake of charged lipid vesicles 
by isolated tomato protoplasts 


LIPID vesicles act as carriers of biologically active materials into 
animal cells’ *. A similar role might be envisaged for vesicles, for 
example, in the introduction of foreign DNA into plant proto- 
plasts in genetic modification experiments’, or in the initiation of 
virus infection in plant protoplasts’. The amount of DNA which 
enters fed protoplasts is difficult to determine as is the multi- 
plicity of virus which initiates infection in the poly-L-ornithine 
(PLO) (ref. 5) and polyethylene glycol (PEG) (ref. 6) pro- 
cedures. To overcome these limitations of existing methods for 
the introduction of materials into protoplasts, | report here a 
vesicle system with the potential to fuse with the negatively 
charged plasmalemma’. Single membraned (‘hollow’) vesicles 
were considered more suitable to combine membrane instability 
with large ‘load’ volume, required to facilitate carriage of large 
molecules/virus particles into the protoplast and to release their 
content synchronously within. 

Tomato protoplasts were isolated as previously described”. 
Positively charged vesicles were prepared as follows: equal 
volumes of 10 uM lecithin and 1 uM stearyl amine were dis- 
solved in chloroform—methanol (4:1, v/v) and evaporated to 
dryness”. The residue was resuspended at 2.5 mg ml‘ in phos- 
phate buffered mannitol (PBM. 12% w/v mannitol in 50 mM 
sodium phosphate buffer, pH 7.0) containing 0.01% w/v 
fluorescein diacetate and shaken vigorously by hand to give 
vesicles of about 0.002-0.006 mm diameter. These were loaded 
with fluorescein diacetate to facilitate study. The vesicles were 
collected by centrifugation at 50 g for 10 min. Vesicles were 
washed by resuspension, recentrifugation in PBM. Small vesi- 
cles remained in the supernatant and were discarded. 

Protoplast and vesicle counts were made and the populations 
mixed in the ratio of 1:1, protoplasts: vesicles, in a volume of 
i ml (1 x 10° protoplasts) of PMB. Samples were examined 
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Fig.1 Uptake of charged vesicles by isolated tomato protoplasts. 

Top, binding of vesicles to the plasmalemma, arrows indicate 

binding of one or more vesicles per protoplast, Middle, uptake of 

vesicles into the central vacuole, indicated by arrow, In the 

adjacent protoplast, the vesicle is releasing its contents. Bottom, 

some protoplasts showing intense fluorescence in the central 
vacuole following release of the vesicle contents. 


immediately after mixing and at 15 and 25h after mixing. 
Incubation was in the dark at 25°C. A random sample of 181 
protoplasts examined immediately after mixing showed a total 
of 140 vesicles bound (Fig. 1, top). After 1S h, vesicles were 
detected in the central vacuole (Fig. 1, middle), no vesicles were 
detected in the medium or still adhering to the outer surface of 
the plasmalemma, nor was fluorescence detected in the medium. 
After 24 h, vesicles were no longer detected, but the vacuoles of 
many protoplasts were fluorescing (Fig. 1, bottom). 

Further work is in progress to prepare vesicles with less stable 
membranes than those described here, which on fusion with the 
plasmalemma may release their contents directly into the cyto- 
plasm. The present study suggests that charged vesicles may 
provide. a method of introducing quantifiable amounts of 
materials into plant protoplasts, 
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Continuous production of monoclonal 
mouse IgE antibodies with known 
allergenic specificity by a hybrid cell line 


SINCE the identification of IgE antibodies as mediators of 
allergic reactions by Ishizaka er al.’ extensive work has been 
done to purify this new type of immunoglobulin from the serum 
of allergic patients and animals. However, all attempts so far 
have been limited by the very low serum concentration of these 
reaginic antibodies. This difficulty has been partly overcome 
with the detection of the extremely rarely occurring IgE- 
producing myelomas of the human’ and the rat”, although IgE 
myelomas of other species are lacking. Moreover, none of the 
available IgE-myeloma proteins has a known allergenic 
specificity, which is indispensable for several important appli- 
cations to future studies on the origin and mechanism of allergic 
processes. Here we describe a new murine cell line which is 
continuously producing high amounts of IgE antibodies with 
anti-ovalbumin (OA) specificity. This cell line was generated by 
cell fusion of murine myeloma cells with spleen cells from 
OA-hyperimmunised mice following the cell hybridisation 
technique developed by Köhler and Milstein’. 


Table 1 PCA reaction of serum and ascites from IgE-14-205 tumour- 


mice 
Tome after 
Route of inoculation Tumour PCA ttre 
application (d) rate Serum Ascites 
Subcutancous 8 5/5 8 
18 5/5 1,024 
Intraperitoneal 8 4/5 32 
18 6/6 50,000 131,000 
Intravenous 8 0/3 2 
' 22 2/3 3,000 


Female BALB/c mice were inoculated with 5 x 10° hybrid cells from 


in otro culture. log 2 diluhons of serum-and ascites, 0.1 mi each, were 
injected Intracutancoualy at the back cover of male Wistar rats After 
48 h the animals were challenged with an intravenous injection of 0.5 ml 
0.6% OA (5 times crystallised, Serva) in PBS containing 2% Evans blue 
After 30 min the animals were killed. PCA titres are expressed as the 
reciprocal value of the highest dilution grving a PCA reaction. 


The myeloma cell line P3-X63-Ag8, is an 8-azaguanine- 
resistant clone derived from the IgG1 («}synthesising MOPC 
21 myeloma of BALB/c origin. Spleen and mesenteric lymph- 
node cells for fusion were derived from female BALB/c mice 
immunised three to four times intraperitoneally at monthly 
intervals with 1-2 ug of OA with Al(OH) as described by 
Kulczycki et al.*. Three to seven days after the last immunisation 
spleen and mesenteric lymph-node cells were hybridised with 
P3-X63-Ag8 tumour cells at a ratio of 10:1 in the presence of 
42% (w/v) polyethylene glycol (PEG), molecular weight 2,000 
or 4,000, according to the method of Himmerling®. The hybri- 
dised cells were resuspended in HAT medium (Dulbecco’s 
modified medium supplemented with 10% heat-inactivated 
fetal calf serum, 5107" M mercaptoethanol and hypoxanthine, 
aminopterine and thymidine’) and seeded at a density of 1 x 10% 
to 1x 10° cells per well (serial dilutions) into multi-well tissue 
culture plates (Costar 3524). Because of the hypoxanthine 
guanine phosphoribosy! transferase (HGPRT)deficiency of the 
P3-X63-Ag8 tumour cells, this HAT medium permits only 
growth of hybrid cells. Supernatants of wells containing hybrid 
clones were tested 3—5 weeks after cell fusion for IgE anti-OA 
antibodies, using the passive cutaneous es test of the 
rat (PCA) as described by Ovary’. 
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Table 2 Specificity for OA of antibody IgE-14-205 


IgE supernatant Allergen PCA titre 
+ OA 32 
+ i ‘si 0 
— DA 0 
+ BSA Q 
Heat inactrvated (2 h, 56 °C) OA 0 


For experimental detail see Fig. 1. 


More than 2,000 individual hybrid cel] lines were investi- 
gated. Only one of these was found to be positive in the PCA 
test. This hybrid cell line was found in a culture plate with 
vigorous cell growth in all wells, suggesting the presence of 
several hybrid clones in each. 

The cells of this culture were therefore recloned several times 
by serial dilutions in Costar plates. A single PCA-positive clone 
from a culture plate with cell growth ın less than 30% of all wells 
was chosen and recloned three more times by the same pro- 
cedure, resulting in 100% PCA-positive subclones. A particular 
subclone (IgE-14-205) was selected for further propagation in 
spinner cultures. 

The IgE anti-OA production was continuously controlled by 
the PCA reaction and it has now persisted for more than 8 
months. The PCA ttre of cell culture supernatants ranged 
between 1:64 and 1:256. The hybrid clone IgE-14-205 could 
also be propagated in vivo in adult BALB/c mice after sub- 
cutaneous or intraperitoneal inoculation of 5x 10° hybrid cells 
(Table-1). Large quantities of IgE anti-OA antibodies were 
produced in vwo, especially by intraperitoneally growing 
tumours. The PCA titres (>100,000, see Table 1) by far 
exceeded those which can be reached by hypernmmmunisation of 
mice. 

The following findings demonstrate that antibody IgE-14-205 
belongs to the IgE class and behaves like a typical murine 
reaginic antibody. (1) After heating to 56 °C for 2—4 h, IgE-14- 
205 cell culture supernatants had completely lost their skin- 
sensitising capacity (Table 2). This finding 1s consistent with the 
well known thermolability of IgE antibodies’, which 1 in 
contrast to all other immunoglobulin classes. (2) Sheep anti-rat 
IgE antiserum (Miles) in the Ouchterlony immunodiffusion 
test’® gives a single precipitation band against serum and ascites 
of IgE-14-205 tumour-bearing mice (data not shown) 
Moreover, the skin-sensitising capacity of IgE-14-205 cell 
culture supernatants could be removed by in vitro preincubation 
with this antiserum and subsequent centrifugation (Fig. 1). (3) 
Antibody IgE-14-205 shows no immunological crossreactivity 


Fig. 1 Specifiaty of antibody IgE-14-205. PCA reaction of anti- 
body IgE-14-205 was measured after preincubation of cell culture 
supernatants (24 h at 4 °C) with equal parts of log 2 dilutions of a, 
OA (1,000 to 32 pg ml” * PBS); b, sheep anti- Tat IgE (undiluted to 
1.32 in PBS); c, BSA (1,000 to 32 ug ml™* PBS). After prein- 
cubation the samples were centrifuged for 10 min at 10,000 r.p m. 
and the supernatants were tested in the PCA The PCA reaction 
was quantitated by extracting the blue skin plaques and measuring 
the extinction at 623 nm (= PCA units) as described by Spector’ 
Rach supernatant was tested in duplicate. The control supernatant 
was diluted 1:2 with PBS. 


a 


p | 
D 


Control] 2 4 81632 Control] 2 4 81632 Controll 2 4 81632 
Dilution [log 2] 
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Table 3 Passive peritoneal anaphylaxis of the rat 


Experimental No. of Histamine release 
group animals (IU) (%) 
Control with IgE 8 1.584 0.31 100 
Control without IgE 9 0.57 +0.05 0 
5 mg per kg DSCG 5 0.74+0.19 17 





Male Wistar rats were injected intraperitoneally with 2 mi 1:5 diluted 
ascites from IgE-14-205 tumour-bearing mice (PCA titre 3,000). After 
2h 1 mI DSCG in PBS (5 mg per kg body weight) and 30s later 5 mi OA 
in PBS (0,4 mgml"') containing 50 pgm! * heparin were given 
intraperitoneally. After 5 min the animals were killed and the histamine 
content of the cell-free peritoneal exudate was estimated according to 
the method of Shore’*. The animals of the negative control group 
received PBS instead of the IgE-ascites. IU, spectrofluorimetric 
intensity units. 


with murine IgG2a, IgG2b, IgG3 and IgA (data not shown). It 
has a molecular weight of about 200,000, estimated by 
Sepharose-6B electrophoresis. (4) The allergenic specificity for 
OA of antibody IgE-14-205 was established by the demon- 
stration that IgE antibodies from IgE-14-205 cell culture 
supernatants could be neutralised in vitro in a dose-dependent 
manner with OA but not with bovine serum albumin (BSA) (Fig. 
1). In agreement with this finding is the observation that IgE-14- 
205 supernatants failed to produce a PCA reaction when either 
the related allergen (OA) was omitted or when an unrelated 
allergen such as BSA was used (Table 2). (5) When IgE-14-205 
cell culture supernatants or serum and ascites from IgE-14-205 
tumour-bearing mice were tested on rats, OA-specific PCA was 
observed. This result agrees with the well established cross 
reactivity of mouse and rat IgE antibodies with rat mast cells. 
Histologically, the PCA reaction in the rat was found to be a 
typical allergic reaction, with subcutaneous mast cell degranu- 
lation and dilatation of small blood vessels without any signs of a 
nonspecific inflammatory process. (6) Histamine release from 
peritoneal rat mast cells was induced in the passive peritoneal 
anaphylaxis test in rats'’ by serum and ascites from IgE-14-205 
tumour bearing mice (Table 3). This allergic mediator release 
could be inhibited by anti-allergic drugs. Thus histamine release 
was almost completely blocked by 5 mg per kg body weight 
disodium cromoglycate (DSCG, Fisons) (Table 3). 

In conclusion, the results described here confirm that the 
IgE-14-205 cell line represents a hybrid cell line which secretes 
OA-specific antibody of the IgE class. In addition to the reaginic 
antibody, the original hybrid cell line IgE-14-205 secretes the 
IgG1 (x) immunoglobulin of the tumour P3-X63-Ag8, demon- 
strated in the Ouchterlony test with a rabbit anti-mouse IgG1 
antiserum (Nordic). However, we have now selected two 
sublines which are highly active in secreting the reaginic anti- 
body without any detectable IgG1 («) immunoglobulin in cell 
culture supernatants (data not shown). 

Thus, the described hybrid cell line is the first tumour cell line 
which is continuously synthesising murine reaginic antibodies. It 
enables the production of murine IgE for various immuno- 
chemical, allergological and genetic studies, which have hitherto 
been extremely difficult'*. Furthermore, antibody IgE-14-205 is 
the first available monoclonal IgE with known allergenic 
specificity. The murine hybrid cell line IgE-14-205 will be 
available on request exclusively for scientific purposes. 

We thank Dr C. Milstein for the myeloma P3-X63-Ag8, and 
Mrs M. Ulrich and Mrs Ch. Schneider for technical assistance. 
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Heavy HLA-DR (Ia) antigen 
chain is controlled by the MHC region 


THE major histocompatibility complex (MHC), called the 
HLA -region in man and the H—2 region in the mouse, contains 
many genes controlling an array of immunobiological 
phenomena. Thus certain parts of the immune response and 
various cell-cell interactions in normal immune processes are 
under genetic control from the MHC’. Two structurally distinct 
groups of cell surface glycoproteins have so far been identified as 
products of genes localised to the MHC. The HLA-A, B and C 
loci control the expression of dimeric molecules composed of 
dissimilar subunits’*. The small subunit, B2-microglobulin, is 
invariant and its structural gene resides on chromosome 15°. 
The large subunit carries the alloantigenic determinants which 
show that the A, B and C loci most probably harbour the 
structural genes for these polypeptide chains. The HLA-D locus 
also controls expression of cell surface antigens which are 
composed of two types of dissimilar subunits, and seem to be the 
human counterparts to murine Ia antigens®’. Neither in man 
nor in the mouse have unambiguous data been provided 
demonstrating whether only one or both HLA-D (la) antigen 
subunits express the particular allotypic determinants. 
However, Barnstable et al.” approached this problem by using 
the somatic cell hybridisation technique and provided evidence 
suggesting that at least the large, 35,000 molecular weight 
HLA-D antigen subunit is controlled by the MHC. In this note 
we demonstrate that by serological analyses and peptide map- 
ping experiments the 35,000 MW HLA-D antigen chain is a 
product of the HLA-D locus. 

HLA-D antigens were isolated from leukaemia cells of a 
patient suffering from chronic lymphatic leukaemia, as will be 
described elsewhere (L.K. et al. in preparation). The isolated 
HLA-D antigens were of high purity as revealed by SDS- 
polyacrylamide gel electrophoresis, gel chromatography, 
ultracentrifugation and immunological analyses. The HLA-D 
antigen phenotype of the patient, from whom cells were derived, 
was Dw3 and Dw4 as assessed by tissue typing techniques’ *. The 
highly purified HLA-D antigens reacted with alloantisera 
directed against Dw3 and Dw4 but not with an alloantiserum 
directed against Dw2. 

To establish which of the two HLA-D antigen subunits reacts 
with the alloantisera, '*°I-labelled'? HLA-D-antigens were 
subjected to isoelectric focusing (Fig. 1). The material resolved 
into three main radioactive peaks, material from the peaks was 
extracted with a Tris-buffer containing Triton X-100 and 
aliquots were subjected to SDS-polyacrylamide gel electro- 
phoresis'*. The most acidic and basic fractions comprised the 
two HLA-D antigen subunits in highly purified form. The 
intermediate peak (c in Fig. 1) varied in size in different 
experiments. The observation that the amount of this material 
was inversely proportional to the amounts of the acidic and basic 
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components together with the SDS-polyacrylamide ge 
trophoretic profile strongly suggest that the-, intermę 
material (peak c) represents undissociated HLA+D antigen 

The separated subunits and the intact, radioactively labell 
HLA-D antigens were treated with vanous alloantisera . and 


heteroantisera in indirect immunoprecipitation.“assays ” to- 


elucidate their antigenic properties. Table I~ anses the 
results. The rabbit antiserum against HLA-D anti “reacted 
well with the intact HLA-D antigens as well as the isolated 


subunits whereas the antiserum raised against HLA-A, B and C 
antigens’ did not react significantly better than normal rabbit 
serum. The alloantisera did not react as well with the intact 
HLA-D antigens as the rabbit antiserum, but it is obvious that 
each alloantiserum only recognised a subpopulation of the 
wolated HLA-D antigens as the combination of alloantisera 
precipitated about as much HLA-D antigens as the sum of the 
individual alloantisera. Alloantiserum directed against the 
specificity Dw2 did not react with the HLA-D antigens which 


Flg.1 Isoelectric focusing of highly punfied '*°-I-labelled HLA- 
D antigens The labelled antigens were treated with 9 M ureaina 
buffer containing 2% Ampholines 3.5-10 (LKB) and 2% Triton 
X-100 for 2h The material was then subjected to isoelectric 
focusing”? in a 6% polyacrylamide gel containing 1%, pH 3.5-5, 

1%, pH 5-8, and 0.5%, pH 3 5-10. Ampholines, 0.3 M sucrose, 
and 2% Tnton X-100 After completed separation the gel was 
sectioned in an automatic gel slicer. Fractions containing radioac- 
tivity were pooled as indicated ın the figure (6-d) mixed with 0.2 ml 
of 0.02 M Tns-HCl buffer, pH 8 0, containing 0.15 M NaCl and 
0.5% Tnton-X-100, and gently agitated for 12 h to extract the 
radioactive material. Polyacrylamide was then removed by filtra- 
tion over glass wool, and the radioactive materials were subjected 
to dialysis against the Tnton X-100-containing Tris buffer. 

Aliquots from the three fractions were subsequently subjected to 
SDS-polyacrylamide gel electrophoresis’* (b-d). The arrows 
denote the migration positions of marker immunoglobulin G heavy 

and light chains and the tracking dye 


cpm x 10~%(-) 
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table 1 eee reactivity of HLA-.D antigens and their tso- 
lated subunits 





HLA-D 7,000 MW 35,000 MW 


Antiserum* antigens chain chain 
a % precipitated 
—— -R @sHLA-D 90 65 54 
'- . R a HEA-A, B, C 2 3 2 
NRS , | 3 1 1 
Dw3 34 4 16 
Dw4 24 3 10 
Dw3 + Dw4 52 3 21 
Dw2 3 1 2 
NHS 2 2 1 


The ***]-Iabelled HLA-D antigens and the separated subunits were 
incubated with 25-1 portions of the alloantssera or 3-1 portions of the 
rabbit sera as indicated above. After 5 h at room temperature unmune 
complexes and free immunoglobulins wese precipitated’. The pre- 
cipitates were washed three times with ice-zold saline and subjected to 
SDS-polyacrylamide gel electrophoresis tc establish subunit compon- 
tion The radioactivity in the precipitated proteins was measured. The 
data represent a typical expernment. Veriations in the amount of 
radioactivity precipitated with the various antisera were noted in 
different experiments, although the data were qualitatively identical 
Preliminary analyses suggest that the immune reactivity of the HLA-D 
antigens and the wolated subunits depends. on the :odination conditions 
and the time spent in the urea-containing ouffer. 

The designations for the sera are’ Re HLA-D, rabbit antiserum 
against HLA-D antigens; R a HLA-A, B, C, rabbit antiserum against 
HLA-A, B, C antigens, NRS, normal rabbit serum; Dw2, Dw3, Dw4, 
alloantisera against antigenic specificitnes Dw2, Dw3 and Dw4 respec- 
tively, NHS, normal human serum. The alloantisera were monospecific 
as determined by ther reactivity in tissue typing experiments with use of 
the same target cells as used in the VO Histocompatibility Testing 
Workshop (Oxford) Their loca! designations are 3082B (Dw2), 4551 
(Dw3) and 2503C (Dw4). 


agrees with the results of the tissue typing (see above). Neither of 
the alloantisera recognised the 28.000 MW subunit whereas 
both antisera precipitated significant amounts of the 
35,000 MW chain. The reactivity o? the anti-Dw4 serum was 
considerably weaker than that of -he anti-Dw3 serum. This 
observation is in part explained by the differences in titre 
between the two sera but the urea treatment used during the 
isolation procedure for the subuni-s may have deranged the 
Dw4-expressing HLA-D antigens more than the Dw3-express- 
ing ones. 

The lack of reactivity of the alloantisera against the 
28,000 MW ALA-D antigen subunit may have depended on 
this chain being more sensitive towards denaturants than the 
35,000 MW chain. This possibility had to be considered 
although the rabbit antiserum reacted well with the isolated 
28,000 MW chain in as much as alloantigeneic determinants 
may reside in limited parts of the chain. Further attempts to 
document an allotypic variation also for the 28,000 MW subunit 
were therefore made. *H-Tyrosine-labelled HLA-D antigens 
were isolated by indirect immunoprecipitation’® using rabbit 
anh-HLA-D antigen serum. The sources of HLA-D antigens 
were the lymphoblastoid cell lines Daudi and Raji, which display 
the HLA-D phenotype Dw6/umidentfied and Dw3/Dw6 
respectively (C. Barnstable, personal communication). The 
HLA-D antigen subunits were separated by SDS-poly- 
acrylamide gel electrophoresis. Br running the electrophoresis 
in the absence of reducing agents a complete separation between 
the two subunits was obtained (compare ref. 7). The two types of 
subunits were separately extracted from the gel, digested with 
trypsin and subjected to peptide. separation by high-pressure 
liquid chromatography. The sensitivity and reproducibility of 
this method makes it well suiteble for the fractionation of 
radiochemical amounts of peptides and it has recently been used 
effectively for the isolation of peptides derived from trace 
amounts of HLA-A and B antigens (L.R., J.F. and P.A.P., in 
preparation). Figure 2 shows the results of the peptide separa- 
tions. In analogy with the serological analyses described above 
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the 35,000 MW subunits derived from the Daudi and Raji cells! 
displayed clearly discernible peptide differences. However, the 


peptide patterns recorded for the 28,000 MW chains were very 
similar. As can be seen in Fig. 2 the two types of HLA-D 
antigens subunits from a single cell line did not exhibit peptide 
patterns that argue for any obvious identity in primary structure. 
Since the procedure for the peptide mapping experiments was 
very reproducible it seems reasonable to conclude that the 
Daudi and Raji cell lines express very similar if not identical 
28,000 MW HLA-D antigen subunits, whereas the 35,000 MW 
chains have different primary structures. 

The data presented here, together with those of Barnstable et 
al.'° seem to establish that the large HLA-D antigen subunit by 
serological, structural and genetical evidence is derived from the 
MHC. By the same criteria there is no evidence to suggest that 
the small HLA-D antigen chain is coded for by the same genetic 
region. However, the I-region of the mouse controls the expres- 
sion of HLA-D antigen analogues (the Ia antigens) from at least 
two loci, A and E/C'’. Limited amino acid sequence analyses 





emma 
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Fig. 2 Peptide patterns of “H-tyrosine labelled HLA-D antigen 
subunits derived from Daudi and Raji cells. The labelled cells were 
washed, treated with 1% Triton X-100 in 0.02 M Tris-HCI buffer, 
pH 8. 0. and the glycoproteins were isolated by affinity chromato- 
graphy '°. HLA-D antigens were isolated by indirect immuno- 
precipitation and immune complexes were separated by SDS- 
polyacrylamide gel electrophoresis * in the absence of reducing 
agents. After segmentation of the gels the well-resolved HLA-D 
antigen subunits were extracted from the gel pieces essentially as 
described in Fig. 1. After the extraction remaining polyacrylamide 
gel was removed by filtration over glass wool. Human IgG (100 ug) 
was then added to each pool which was subjected to extensive 
reduction and alkylation. Excess reagents and SDS was removed 
by gel filtration on columns of Sephadex G-25 equilibrated with 
0.02 M NH,HCO,. After lyophilisation the samples were taken up 
in 0.4 ml of 0.2 M NH,HCO, containing 10 pg of trypsin. The 
digestions were terminated by lyophilisation after 3 h at 37 °C. The 
tryptic digests were finally dissolved in 50 pl of 0.05 M ammonium 
acetate, pH 4.5, containing 6% acetonitrile and subjected to high 
pressure liquid chromatography (Waters Associates), The C-18 
column was operated at 50 °C. Elution was performed with a 60-ml 
linear gradient of acetonitrile, 6% to 40%, in the ammonium 
acetate buffer. Fractions of 0.3 ml were collected at 20 s intervals. 
a, Daudi 28,000 MW chain, b, Raji 28,000 MW chain, c, Daudi 
35 000 MW chain; d, Raji 35,000 MW chain. 
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liemonsiaed that both Ia-antigen subunits may be 
fed from the MHC'*'*. Further work is therefore needed to 
arly demonstrate that the small HLA-D antigen subunit is 
not a product of the HLA-D locus. 

We thank Ms Inga Sjöquist for technical assistance and Dr J. 
B. Lindblom for alloantisera. This work was supported by grants 
from the Swedish Cancer Society, Gustaf V:s 80-ars fond, and 
Svenska Livforsakrningsbolagens fond for medicinsk forskning. 


LARS KLARESKOG 
LARS RASK 
JAN FOHLMAN 
PER A. PETERSON 
Department of Cell Research, 
The Biomedical Center, 
Box 575, §-751 23 Uppsala, Sweden 


Received 12 June; accepted 18 August 1978. 


1. Shreffier, D, & David, C. Ade. Immun. 20, 125-196 (19758), 
2. Katz, D. & Benaceraff, B. feds) The Role of Products of the Histocompantiliry Gene Complex 
in Immune Responses (Academic, New York, 1976). 
3. Rask, L., Lindblom, J. B. & Peterson, P. A. Eur. J. immun. 6, 93-100 (1976), 
4. Snary, D., Barnstable, C. 1, Bodmer, W. F. & Crumpton, M. J. Ear. J. Immun, 
(1977). 
5. Goodfellow, P. N. et al) Nature 284, 267-268 (1974). 
6. Wernet, P. Transplant. Rev. 30, 271-298 (1976). 
7. Kiareskog, L. et al. Nature 265, 248-251 (1977). 
8. Saary, D., Barnstable, C., Bodmer, W. F.. Goodfellow, P. & Crampton, M. J. Cold Spring 
Harb. Symp. quant. Biol. 41, 379-386 {1977} 
9. Humphreys, R. E. et al. J. exp. Med. 144, 98-112 (1976). 
10. Barnstable, C. J. et al. Cold Spring Harb. Symp. quant. Biol. 41, 443-486 (1977). 
11. Méller, E, & Lindbiom, J. B. Tissue Antigens (in the press}. 
12. Bolton, A. E. & Hunter, W. M. Biochem. J. 133, 529-539 (1973). 
13. O'Farrell, P. H. J. biol Chem. 280, 4007-4021 (1975). 
14. Laemmli, V. K. Nature 227, 680-685 (1970). 
15. Klareskog, L., Trägårdh, L., Lindblom, J. B. & Peterson. P. A. Scand. 3 Immun. 7, 199-208 
(1978). 
16. Östberg, L., Sege, K., Rask, L. & Peterson, P. A. Folia biol, Praha 22, 372-373 (1976). 
i7. Cullen, S. E.. Freed. J. H. & Nathenson, $. G. Transplant. Rev. 30, 236-270 (1976). 
18. Silver, J.. Russell, W. A., Reis, B. L. & Frelinger, J. A. Proc. natn. Arad. Sei. U.S.A. 74, 
5131-5134 (1977) 
19. McMillan, M., Cecka, J. M., Murphy, D. B.. McDewitt, H. O. & Hood, L. Proc. nam, Acad, 
Sei. U.S.A. 74, 5135-5139 (1977). 


7, 380-884 








9,11-Epoxyiminoprosta-5,13-dienoic 
acid is a thromboxane A, 
antagonist in human platelets 


THROMBOXANE A, (TXA,), an important arachidonic acid 
metabolite, aggregates platelets'°, constricts coronary smooth 
muscle''”*, and is formed during mechanical or anaphylactic 
organ challenge”''. There are selective thromboxane A, 
synthetase inhibitors'*"'* but there are no known, selective 
TXA,-receptor antagonists. We report here that 9,1 1-epoxy- 
imino-prosta-5,13-dienoic acid'’ (9,11-EIP) antagonises 
TXA,-mediated platelet aggregation without inhibiting 
thromboxane synthetase or fatty acid cyclo-oxygenase. This 
finding should allow further exploration of the nature of TXA, 
receptors in human platelets. 

The fatty acid cyclo-oxygenase enzyme transforms arachi- 
donic acid into prostaglandin (PG) endoperoxides (PGG,, 
PGH,)'*"”, which aggregate platelets either directly*°~? or after 
conversion to TXA,'*?*. Platelet-rich plasma (PRP) and 
washed platelet suspensions containing 9,11-EIP were chal- 
lenged with the following stimuli: arachidonic acid, PGH3, 
TXA, generated in vitro by platelet microsomes* and a sub- 
ageregatory dose of PGH,, PG endoperoxide analogues**™, 
adrenaline or ADP. The aggregation profiles elicited by these 
agents were subsequently monitored. TXB, and PGE, concen- 
trations during aggregation were quantitated by radioim- 
munoassay*”"*”. 

9,11-EIP suppressed TXA,-induced aggregation of PRP ina 
dose-dependent manner (Fig. 1) with 50% inhibition occurring 
at <200ngml"'. 9,11-EIP did not inhibit TXA, formation, 
because the TXA; was generated in vitro and added after its 


© Macmillan Journals Ltd 1978 


Nature Vol. 275 26 October 1978 


formation. The results were identical in platelets treated with 
cyclo-oxygenase inhibitor (1 x 10~ flurbiprofen), ruling out any 
contributions from the release of endogenous arachidonic acid 
metabolites. 9,11-EIP also antagontsed aggregation induced by 
PG endoperoxide analogu (Fig. 2). 

9,11-EIP suppressed PGH,- and arachidonic acid-induced 
platelet aggregation in a dose-dependent manner at concen- 
trations which did not affect TXB, levels (Fig. 3). PGE, and 
cyclic AMP levels were also unchanged (data not shown). Selec- 
tive thromboxane synthetase inhibitors divert PGH, metabol- 
ism towards the formation of the bis-enoic prostaglandins, some 
of which, for e, PGD., can oppose aggregation by ele- 
vating cyclic . Therefore, 9,11-EIP blocked aggregation 
independently of two common anti-aggregatory mechanisms, 
TXA; synthetase inhibition and cyclic AMP elevation”. Results 
were similar in PRP. 9,11-EIP suppressed arachidonic acid- or 
PGH,-induced aggregation in a dose-dependent manner at 
concentrations which did not affect TXB,, PGE, or cyclic AMP 
levels. 9,11-EIP did not affect the first wave, but it suppressed 
the second wave of adrenaline- and ADP-induced aggregations, 
revealing its specific involvement with the arachidonic acid 


Fig. 1 Effect of 9,11-EIP on TXA,-induced aggregation of 
human PRP. PRP was prepared by centrifuging fresh, buman 
whole blood (1 part 3.8% citrate/9 parts blood) at 200g for 10 min 
at 25°C. TXA, was generated by mcubating a sub-aggregatory 
concentration of PGH, (200 ng) with flurbiprofen-treated human 
platelet microsomes* suspended in Tris buffer, pH 8.0 (20 p 
containmg 1 mg protein), for 20 s at 37°C inside an aggregometer 
cuvette. PRP, preincubated at 37°C for 2 min with 9,11-EIP was 
added to the cuvette containing TXA,. The PRP was stirred at 
1,100 r.p.m. at 37°C and the aggregation profile was monitored 
with a Payton at aggrepgometer. Increasing concen- - 


concentration-dependent fashion. Effects from TXA, synthetase 

inhibibon were precluded, as TXA, was generated m pitro before 

the addition of PRP and results were identical with PRP treated 

with 10™*M cyclo-oxygenase inhibitors (aspirin, fhurbrprofen). 

Results are consistent with TXA, antagonism. a, Control; b, 

125 ngml™’; ce 250ngmi™'; d, 500ngmI"’; e, 2,500 ng mi". 
9,11-EIP. 
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Fig. 2 Effect of 9,11-EIP on endoperaxide analogue-induced 
aggregation of human PRP. The conditiors were similar to those of 
Fig. 1 except the endoperoxide analogues, 9,11-azo-15(S} 
hydroxyprosta-5,13-henoic aad (50mgmt) (A) or 9,11- 
methanoepoxy-15(S}-hydroxyprosta-5,13-dienoic acid (250 
ng ml~’) (B), were used so as to induce aggregation instead of 
TXA,. The quantitatively different response of the antagonist 
against these analogues may reflect the fact that 9,11-azo-15(S} 
hydroxyprosta-5,13-dienoic acid ‘resemoles’ TXA, more than 
does 9,11-methanoepoxy-15(S)-hyd-oxyprosta-5,13-dienorc 
acid. A: a, control; b, 50 ng ml~!;¢, 100 ng ol” „d, 150 ng ml}; e, 
300 ng ml™* 9,11-EIP. B: a, control; b, 250 ng ml *;¢, 1.0 wg ml” 
9,11-EIP 


pathway. At concentrations exceeding 5x 107% to 1x 10™M, 
9,11-EIP inhibited the platelet cyclo-orygenase, reducing both 
TXB, and PGE, synthesis. 

Needleman et al.” proposed that thrcmboxanes have at least 
two unique but dissociated properties, rabbit aorta constriction 
and platelet aggregation. The results with 9,11-EIP condition- 
ally support this proposal. Although 9,11-EIP antagonises 
platelet aggregation, apparently by direct TXA,-receptor 
blockade, it has intrinsic agonist properties for coronary smooth 
muscle, constricting the rat aorta and thereby preventing an 
assessment of any accompanying TXA, antagonism in this 
system. 9,11-EIP also inhibits PGI, fo-mation in rabbit lung 
microsomes and BALB 3T3 cells at 10°°M. Nevertheless, the 
thromboxane pathway dominates arachidonic acid metabolism 
in human platelets. TXA,-receptor antagonists should further 
clarify the role of TXA, in platelet aggregation. 

Conclusions on the role and mechanism of action of TXA, are 
frequently drawn by comparing the effects of selective inhibitors 
on the synthesis of arachidonic aad metebolites, modulation of 
cyclic AMP metabolism, and the atterdant TXA,-mediated 
physiology. As these inhibitors are only relatively selective”, 
the conclusions are tentative and subject to re-evaluation. A 
TXA, antagonist is vital for further efucidation of the bio- 
chemical, pharmacological and physiological aspects of the 
arachidonic acid cascade in human platelets. 9,11-EIP is such an 
antagonist, with effects distinct from T*_A, synthetase inhibi- 
tion. Just as experiments with dichloroiso>roterenol*' advanced 
the understanding of the 8-adrenergic receptor, we believe that 
experiments with 9,11-EIP will advance the understanding of 
the TXA, receptor in platelets. 

In summary, 9,11-EIP inhibited TXA,-induced platelet 
aggregation in a dose-dependent manner. This inhibition was 
not due to an effect on TXA, synthetase because TXA, was 
generated in vitro before addition of PRP. 9,11-EIP also 
suppressed arachidonic acid- and PGH,~anduced aggregations 
of washed platelet suspensions and PRP without altering TXB,, 
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Fig. 3 Wasbed platelets were prepared according to Miller 
et al”. PGH, was prepared according to Gorman ef al”. 
Platelet suspensions were incubated with 9,11-EIP for 2 mm at 
37 *C. The platelet suspension was then transferred to an aggre- 
gometer cuvette containing PGH, (0.20g) (upper graphs) of 
arachidonic acid (1 ug) (lower graphs). The suspension was stirred 
„at 1,100 r.p.m. at 37°C; aggregation profiles were monitored and 
samples (0 1 ml) were withdrawn for ti the radioimmunoassay of 
TXB”. 9,11-EIP suppressed aggregation ın a dose-dependent 
fashion without inhibiting TXA, or PGE, formation. The open 
circles represent TXB! levels. PGE, levels (data not shown) os see 
over 0.10-0.50 ng ml - Upper graphs, a, control; b, 0.40 ug mi? 
c, 0.60 pg mi” ; d, 1.0pgml" 9,11-EIP. eae eter 
control; b, 0.08 yg ml” '; 0.80 pg ml , d, 2.0 pg ml” 11-EIP' 


PGE, or cyclic AMP levels. These results are consistent with 
antagonism of TXA, in platelets at the receptor level. Note that 
others have discovered selective Joay antagonists’. 
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Saccadic eye 
movements and visual stability 


WE rarely confuse motions of our retinal i images that result from 
movements of objects with those that result from eye move- 
ments. A predominant explanation of the perceptual stability 
that survives saccadic eye movements is that visual information 
about image ‘movement ‘is weighed against. an: internal 
(‘extraretinal’) signal about eye movement, and that a mismatch 
ig generally perceived as movement of the world’. Accurate 
information about eye position, even during a saccade, seems to 
be available to the oculomotor system’”, but it is not clear that 
this information finds its way to mechanisms underlying percep- 
tual stability. The experiments we describe here show that errors 
in localisation following saccades are matched closely by errors 
in the size of saccades. We infer from this that the perceptual 
system does not monitor the extent of a saccade but merely 
assumes that an intended eye movement was made correctly. 

The observer sits in a completely dark room with his head held 
steady by a dental impression. Ahead of him is an oscilloscope 
with an aluminised screen (P31 phosphor) on which appears a 
sharp, bright fixation spot (more than 2 log units above foveal 
threshold and diameter 2-4 arc min, depending on viewing 
distance), with no surrounding glow. After 2.4 s this spot moves 
instantaneously a fixed distance to the left or right, where it 
remains for 100 ms before being extinguished. The direction of 
step is unpredictable to the observer, who tries to re-fixate the 

target, but this is extinguished before an eye movement can 
begin® and so the saccade is made in the dark. 500 ms after 
extinction of the target, and after the saccade has been 
completed, a ‘probe’ spot appears for 500 ms at one of several 
fixed points about the target position, and the observer indicates 
with a keyswitch whether that spot ia to the left or to the right 
of the target. 

This cycle is controlled by a ERRE and is repeated many 
times, with the direction of the target step and the position at 
which the probe spot appears, varying randomly from trial to 
trial. In a normal experimental session 350 trials are run in which 
the target steps to the right or left with approximately equal 
frequency, and for each direction of step the probe may appear 
in one of seven positions around the target position. From this 
we are able to plot two graphs, one for leftwards displacements, 
the other for rightwards, showing the relative frequency with 
which the probe in its various positions appeared to the left or 
right of the target. One such pair of graphs is shown in Fig. 1, for 
a target that stepped either 3.3° to the left (filled circles) or right 
(open circles). The smooth lines drawn through the points are 
the maximum likelihood estimates of the probit regression lines“ 
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(the fits of which were rejected at the 10% level of significance in 
only three cases out of 21) from which one can obtain estimates: 
of the mean and standard deviation of the distribution of 
judgements. The standard deviation of judgements is about 12 
arc min, and the constant error, also about 12 arc min, is such 
that after a saccade the peripheral target seems to have moved Ss 


further away from the fixation spot. | | 


These errors, although small, are very reliable and indicate Te 


that in an impoverished environment the observer is not fully 
able to compensate for image displacements that result from 
saccades. The constant errors described here are a little smaller 
than those found by Monahan® and Matin’ and much smaller 
than errors found by Bridgeman ef al. in experiments to 
investigate perceptual mislocations related to saccadic cye 


movements; the task of subjects in the latter experiment was 
quite unlike that used here, which may explain the dis- 


agreement. 


Fig. 2 Sample record of eye position dunng an experment. The 
target stepped randomly 3.3° to the right or left and after 100 ms 


was extinguished. 500 ms later a probe appeared randomly at one 


100 O O 


°/ Judged ‘right’ 


OL = 
Left 40 20 0 20 40 Right 


Probe position relative to target (arc min) 


Fig. 1 Frequency with which the probe spot was judged to lie to 
the right of the target position (0 on the abscissa) The abscissa 
indicates probe position relative to the target. @ judgements made 
when a saccade followed a step of 3.3° to the left; O, corresponding 
judgements made following a step to the right Smooth curves are 
maximum likelihood estimates of the probit regression lines. Each 
curve is based on an average of 175 trials in a single session, during 
which the probe appeared at one of seven positions 
around the target point (observer P.L.). 


of seven positions about the target point. The observer had to 

indicate whether the probe appeared to the right or left of the 

target Corrective saccades occurred frequently after the probe 

appeared, usually so as to reduce an undershoot. Blank portions of 
the stimulus trace indicate that no spot was visible. 


consistently short of the target by about 17 arc min, an amount 
close to that by which the target is mislocated. Moreover, the 
standard deviation of eye position (without allowance for error 
of measurement) is only a little greater (17 as opposed to 12.4 
arc min) than that of judgements about target position. 

Figure 3 shows that for steps in target position of 1.15° the 
misiocation is also close to the error in eye movement. Accurate 
measurement of eye movements to target steps of 6.6° was not 
possible, but errors in localisation follow the trend for smaller 
saccades 


Our results show that, following a saccade, the spot judged to 
lie in the target position is the one that falls on the fovea. Thus, to 
explain the small errors in locating targets after a saccade, we 
need only suppose that the observer relies on the eye movement 
being accurate and locates at the target position the spot that 
falls on the fovea. It is unnecessary to postulate an extraretinal 
signal that specifies accurately the size of the saccade; clearly, 


Fig. 3 Accuracy and reliability of judgements about target loca- 
tion following saccades to target steps of different sizes (circles) 
* Both parameters were estimated from probit regression lines 
Points are averages for target steps to left and mght, and a positive 
constant error indicates that the probe judged ‘to Ile on target was 


too close to the original fixation point. Accuracy and reliability of 
saccades to target steps of different sizes (squares) Points are 
averages for saccades to left and right. Open symbols, standard 


Constant errors might have arisen because the initial target 
deviation; filled symbols, constant error. 


step was underestimated, although the saccades were made 
accurately to the (mislocated) target, or the saccade to the 
correctly located target may have been supposed accurate when 30 
in fact it fell short. Variability is probably due principally to two 
sources: first, the target is seen (initially) in peripheral vision, so 
its visual direction is to some extent uncertain. Moreover, the 
observer has to remember this direction during the 500 ms 
between target disappearance and the reappearance of a spot. 
Second, the extent of the eye movement to this uncertain, poorly 
remembered target may not be properly registered. The 
combined influence of these factors produces only small errors 
in localisation, a finding that might be interpreted as evidence 
for a reliable extraretinal signal that specifies the extent of the 
saccade, but an analysis of cye movements made during 
the experiment suggests otherwise. The horizontal position 
of the eyes was monitored (with a resolution of +4 arc min) by 
measuring the amount of infrared light reflected from slit images 
that lay horizontally over the corneo-scleral boundary, and a 
continuous record of eye position, together with a record of | 
target position, was made on an oscillograph. | 0 
These measurements, a sample of which is shown in Fig. 2, 
indicate that at the time the probe appears the eye has stopped 


20 


10 


Constant error or standard deviation (arc min) 





Target step (deg) 
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some signal is needed to indicate that the eye has moved, but 


more precise information is not required. 
We thank T. S. Collett and N. Graham for discussion. This 
work was supported by a grant from the MRC. 
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Vanadate-stimulated natriuresis 


THE observation’® that V(v) is a potent inhibitor of (Na*, 
K* activated renal ATPase raised the possibility that it has 
natriuretic and thus diuretic properties in the living animal. We 
report here experiments showing that it has. 

Plastic catheters were placed in the urinary bladder and 
femoral vein of rats (250-350 g) under ether anaesthesia. While 
recovering from the anaesthetic, the animal was confined in a 
restraining box and placed on a laboratory balance. The 
opposite arm of the balance actuated the delivery of isotonic 
saline (145 mM NaCl, 5 mM KC)) from a peristaltic pump to the 
femoral vein, in such a way that, during the experiment, the 
urinary and evaporative losses were made good and the weight 
of the animal was maintained. 

During the succeeding 2 h the rate of flow of urine became 
roughly constant. Sodium orthovanadate (1.5 pmol) was then 
injected intravenously in 0.15—0.3 ml of the same isotonic 
saline; these volumes are too small to affect urine flow by 
augmenting the plasma volume. Table 1, which summarises the 
results of four consecutive experiments, shows the total 
excretion of water, sodium and potassium during the hours 
immediately preceding and immediately following the adminis- 
tration of vanadate. The flow of urine increased dramatically 
within a few minutes of the vanadate injection, reaching peak 
rates of about 1 ml min™. As this represents approximately 
50% of the glomerular filtration rate’, it is likely that vanadate 
acts, at least in part, on the proximal tubule. The sodium 
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Table 2 Distribution of “*V 75 min after the intravenous injection of 
1.5 pmol “*V-vanadate 


Renal 
Blood Renal outer Renal 
Tissue plasma cortex medulla papilla Urine 
SV content 14.9 62.0 10.2 7.8 2.6 
(umol per kg 
wet weight) 


concentration in the urine produced in response to vanadate 
approximated to that in plasma. The integrity of the nephrons 
was not lost, for neither glucose nor protein was detectable in 
any of the samples of urine. Also, the effect of vanadate seems to 
be reversible, as, in longer-term experiments, urine flow follow- 
ing a vanadate injection diminished after a few hours, but the 
kidney was still capable of responding to a further dose as it had 
before. 

In the first of the experiments included in Table 1, we used 
“*V-labelled vanadate and determined the distribution of tracer 
in the kidney and elsewhere 75 min after its administration, 
when the diuresis was still nearly maximal. Table 2 shows that 
“*V was selectively concentrated in the renal cortex. Otherwise, 
the distribution of radioactivity in the various organs was similar 
to that described by Hathcock et al.*. Within 75 min of the “*V 
injection, 43% of the radioactivity had been excreted. 

We conclude that vanadate is a potent natriuretic and diuretic 
substance, perhaps the most potent now known. It remains to be 
determined (1) whether vanadate, at the naturally occurring 
blood or tissue levels, has a physiological role in controlling 
natriuresis, and (2) whether the natriuretic and diuretic effects of 
vanadate can be therapeutically useful. 

J. J. C. is holder of a Macy Foundation Award. 


W. E. BALFOUR 
J. J. GRANTHAM 
I. M. GLYNN 


University of Cambridge, 
Cambridge, UK 


Rocerved 30 June; accepted 14 Septimber 1978 


Josephson, L & Cantley, L C, Jr Beacheumenry 16, 4572-4578 (1977) 


R 
A 
; 
: 


Eee ee J & Wonnen, E J Ew J Phkymei 373, 
1 

5 Hathcook,J N, Hi, C H & Matroos, G J. Near. 82, 106-110 (1968) 

6 Mihel, W G & Flopd, E P Frec Sec cop Pwi hied 845, 206-208 (1954) 


Table 1 Excretion of water, sodium and potasnum before and after the intravenous injection of sodium orthovanadate 


Excretion before injection Excrebon after injection 
Water Na K Water* Na K 
Experiment (mi h`’) (mEq bh™?) (mEq h~*) (ml h7*) (mEq bh‘) (mEq h`’) 
1 5.22 0.598 0.325 49.6 7.05 0.442 
2 153 0.212 0.267 38.7 6.10 0.333 
3 1.43 0.175 0.127 27.9 2.53 0.313 
4 2.10 0.220 0.197 28.5 3.91 0.301 
Mean +som. 2.57 +0.90 0.01 +0.099 0.299 + 0.043 36.2+5.1 4.84+ 1.07 0.347 + 0.032 





The dose, 1.5 pmol, was chosen arbitrarily as that which, if ıt were distributed uniformly in the body water, woukd give a concentration sufficent in 
pitro to cause 75% inhibition of (Na*, K*)ATPase prepared from pig kidney. 1.5 umol vanadate in a 300 g animal represents about 2.5% of the LD», 


determined in mice; estimates of LD op suggest that vanadate is about equally toxic to rats and mice”: 


6 


* For comparison, it is worth noting that an equimolar dose of the therapeutic diuretic furosemide infected intravenously into a 300 g rat caused a 
diures averaging about 10 ml h`! during the firat hour, with peak flow rates up to about 0.3 ml min”. 
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Peptidyl-transfer RNA hydrolase 
prevents inhibition 
of protein synthesis initiation 


PEPTIDYL-tRNA HYDROLASE (called hydrolase below) 
catalyses the hydrolysis of peptides from peptidyl-tRNAs that 
are not bound to ribosomes‘? but will not hydrolyse amino 
acyl-tRNA or fMet-tRNAM. It is interesting that hydrolase 
seems to be ubiquitous in nature; it has been found in all cells 
where it has been sought, including yeast’, bacteria, rat liver and 
jackbeans*. However, the metabolic role of this enzyme has not 
been established. It is required for normal function, as a mutant 
strain of Escherichia coli with a temperature-sensitive hydrolase 
cannot continue protein synthesis at the nonpermissive 
temperature". Hydrolase itself is not required for initiation, 
elongation or termination phases of protein synthesis“. 
Menninger” has shown that peptidyl- -tRNA, formed on ribo- 
somes, accumulates at nonpermissive temperatures in cells with 
the temperature-sensitive hydrolase. Hydrolase thus seems to 
be a scavenger enzyme of peptidyl-tRNAs normally aborted 
from ribosomes during protein synthesis. Of interest now is why 
peptidyl-tRNA is frequently prematurely released from ribo- 
somes and why protein synthesis is inhibited in the mutant strain 
with a defective hydrolase*. I report here work on the latter 
problem and present evidence which indicates that peptidyl- 
tRNAs accumulate and compete with N-formyl-Met tRNA; 
during initiation of protein synthesis. 
_ Two possible mechanisms of protein synthesis inhibition at 
42°C in the temperature-sensitive hydrolase strain are that one 
or more infrequently occurring tRNAs may become sequestered 
as peptidyl-tRNA, resulting in inhibition of polypeptide elon- 
gation or, on the other hand, that the only known product of the 
reaction (peptidyl-tRNA) may interfere with initiation of poly- 
peptides. Peptidyl-tRNA is not unlike N-formy]-Met- 
tRNA. Thus, these two similar compounds may compete at 
initiation for the P-site on the ribosome. 

When the hydrolase mutant strain ts incubated at tempera- 
tures intermediate between permissive growth and nonper- 


Table 1 Amino acid polymensation and growth rates at varous 


` temperatures 
Initial slope 
of mduction 
curve 
(nmol ONPG 
Doublmg Polymerisation hydrolysed 
Growth time rate sl aT per mun per 
Strain temperature (min ) 37") 3x 10° cells) 
AA-7852 30.04005 19045 5.6+0.3 55 
37.0+0.05 170+5 6.840.2 57 
40.04005 2108 7.50.2 42 
41.0+0.05 270+10 7340.2 29 
41.5+0.05 300+10 7.310 21 
CP-78 30.0+0.05 15045 6.1+0.3 72 
40.0+0.05 1105 9.140.2 75 


Cells were grown m M-9 medium with 0.4% glycerol and required 
amino acids in a gyrorotary shaking water bath at the specified tempera- 
ture®. Strains CP-78 (a K12 strain of E. col, arg, his, leu, thr, thi) and 
AA-7852 (a singie-step mutant of strain CP-78 that is now tempera- 
ture-sensitive for peptidyl-tRNA hydrolase (ref. 5) were induced for 
B-galactosidase synthesis by addition of 5 mM 3’, 5’-cyclic AMP and 1 
mM isopropylthiogalactoside after growth at the specified temperature 
for 2 hours The cultures were sampled every 5 s by taking 0.5 ml into 
test tubes containing 0 50 ml of a solution (1 mg ml~') of chloram- 
phenol in distilled water”. These samples were assayed for 6-galac- 
tostdase activity by cell lysis with toluene and hydrolysis of o-nitro- 
phenol-§-p-galactopyranoside (ONPG) at 25°C. Polymerisation rate 
was established by the time required for the first newly synthesised 
B-galactosidase molecules to appear™’. There are 1,021 amino acds in 
ore aaa A change of 0.004 A,m units equals 1 nmol of 

NPG 
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missive growth (40, 40.5, 41 °C), partiel inhibition of growth is 
observed. This is interpreted as limited inactivation of hydr- 
olase, resulting in a reduced rate of pept dyl-tRNA hydrolysis. If 
elongation rates are affected at these intermediate tempera- 
tures, protein polymerisation time shoud be increased. If initia- 
tion of protein synthesis is inhibited, however, the poly- 
merisation rate will remain unchanged for a specific protein. 

The time lag between the induction cf the lactose operon and 
the first appearance of B-galactosidase activity above basal 
enzyme level was used to estimate the peptide chain elongation 
rate*’. It has been shown that this approach is not a reflection of 
changed mRNA synthesis times®. Hence a measure of poly- 
merisation time of 8-galactosidase can cifferentiate between the 
two possibilities outlined above. 

The data presented ın Table 1 indicate that the rate of 
peptide-chain elongation does not change significantly with 
increase in growth temperature in the hydrolase temperature- 
sensitive strain. The chain elongation rate is slightly less in the 
mutant strain at 40 °C than in the parentstrain (20% ), but nearly 
identical at the permissive temperature (30 °C). However, the 
growth rate of the mutant strain decreases considerably as the 
growth temperature is increased from 37 to 41.5 °C, reflecting 
inhibition of protein synthesis by steaclily increasing concen- 
trations of peptidyl-tRNA in the cell. Furthermore, the relative 
rate of polypeptide chain initiation is p-oportionally decreased 
(Table 1, column 5). These data are derived from the initial slope 
of the induction curve; they reflect the relative number of 
molecules synthesised per unit time. -he relative number of 
chain initiations in strain AA-7852 (pt) decreases by slightly 
more than half from 40 to 41.5°C, and the doubling time 
decreases proportionally. No significant growth or §-galac- 
tosidase induction is observed at 42°C, reflecting complete 
inactivation of the hydrolase. 

Other data suggesting that initiation of protein synthesis is 
inhibited in the hydrolase mutant stram at the nonpermissive 
temperature come from studies of the polysome distribution 
after shift to 43°C. Menninger et alf found that polysomes 
slowly dissociated at 43 °C, forming 7CS subunits. Elongation 
continues temporarily, resulting in dissociation of polysome 
structures. However, initiation only fo-ms 70S units, possibly 
because of a peptidyl-tRNA in the P-site. This is consistent with 
the idea that some poison accumulates, very probably peptidyl- 
tRNA, but must reach a critical level before inhibition 1s seen. 
Protein synthesis is not inhibited in the hydrolase mutant until 
about 10 min after transfer to the nonpermissive temperature. 

In conclusion these data show that the number of polypeptide 
chain initiations decreases as hydrolase Ës partly inactivated. On 
the other hand, the chain elongation rate is not affected. These 
findings imply that hydrolase plays an important part in cell 
metabolism by destroying spontaneously formed peptidyl- 
tRNAs which, in turn, inhibit protein synthesis initiation, prob- 
ably by competing with N-formyl-Met-tRNAf™ in the P-site of 
the nbosome. 

This investigation was supported by the Iowa Agriculture and 
Home Economics Experiment Station and a grant from the 
NSF. I thank Mary Mascia for technical assistance. 
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Inhibition of QB RNA 70S ribosome 
initiation complex formation 

by an oligonucleotide 
complementary to the 3’ terminal 
region of E. coli 16S ribosomal RNA 


IT has been proposed that a key event in the recognition of a 
prokaryotic protein initiation site by the ribosome 1s the inter- 
action between the 3’-terminal sequence of the 16S rRNA anda 
purine-rich sequence preceding the initiator triplet by three to 
nine nucleotides’*. This hypothesis predicts that if the 3’- 
terminal region of the 16S rRNA were blocked, binding of the 
ribosome to the initiator region of an mRNA should be 
diminished or prevented, while binding to the trinucleotide 
A-U-G should not be affected. We have shown that the oli- 
gonucleotide A-G-A-G-G-A-G-G-Upy (P-2a), eight bases of 
which are complementary to the sequence A-C-C-U-C-C-U-D- 
Aon at the 3’-terminal region of 16SrRNA (AG= 
~—16.9 kcal mol”? calculated as described in Table 1), binds 
tightly to the 30S ribosome ahd is released as a complex with the 
3’-terminal 49-mer of 16S rRNA after digestion with cloacin 
DF13 (ref. 3). We report here that this oligonucleotide either 
strongly inhibits Q8 RNA binding to 70S ribosomes or 


`H radioactivity (c pm x107?) 





20 0 
Fracuon no 


Fig. 1 Effect of oligonucleotide P-2a on binding of Q8PHJRNA 
to 705 ribosomes: The preparation of the pancreatic oligonucleo- 
tide P-2a will be described elsewhere’. QB[°HIRNA, fMet-tRNA 
and ribosomes were prepared as described previously '* Low-salt- 
washed ribosomes (5 pmol) were incubated with or without P-2a 
(20 pmol) in 50 mM Tris-HCl (pH 7.5), 6 mM MgCl, 120 mM 
NH,Cl, 0.5 mM GTP, 0 5 mM dithiothreitol and about 440 pmol 
of unfractionated, stripped tRNA charged with fMet (ref. 14) 
(estimated to contain 10 pmol of fMet-tRNA)1n a volume of 10 ul 
for 15min at 37°C. Then, 2pmol of QS(PH]RNA (specific 
activity, 3 x 10* c._p.m. pmol’; in 2 ul) were added to the reaction 
mixture and incubation was continued for 10 min at 37°C. 100 pl 
of buffer B (10 mM Tris-HCI (pH 7.5), 10 mM MgCl, 50 mM 
NH,Cl and 10mM §-mercaptoethanol) were added and the 
sample was loaded on a 4 ml 10-30% sucrose gradient in buffer B. 
Centrifugation was for 90 min at 58,000 r.p.m. and 4°C in an 
SW60 Spinco rotor. 21 Fractions were collected on paper disks 
(Schleicher and Schuell, LS78 Rufi, diameter 22 mm) and °H 
radioactivity was determined in POPOP-scintillator The A2go 
profile of a mixture of 30S, 50S and 70S ribosomes, run m the same 
conditions, was used to locate the *H radioactivity sedimenting at 
70S (indicated by a). The amount of 70S `H radioactivity was 
calculated relative to the total *H radioactivity recovered from the 
gradient (a +b) Left hand figure, without P-2a, right, with P-2a 
(20 pmol) 
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decreases the stability of the initiation complex formed in its 
presence. As we found that: the formation of complexes of 
pA-U-G and 70S ribosomes wag not inhibited by the oli- 
gonucleotide, we conclude that inhibition (or destabilisation) of 
Qs RNA binding is not due to an effect on the interaction 
between fMet-tRNA and the initiation triplet or on the asso- 
ciation of the 30S and 50S ribosome subunits. 

Incubation of the low-salt-washed ribosomes (which retain 
initiation factors) and intact Q8 RNA in the presence of fMet- 
tRNA leads to the formation of a complex sedimenting at 70S 
(ref. 4). As in the case of all phage RNAs, ribosomes attach 
predominantly to the initiation site of the coat cistron, and to a 
lesser extent to that of the replicase cistron*”’. 

Table 1 and Fig. 1 show the effect of preincubating ribosomes 
(5 pmol) with different amounts of purified P-2a before the 
addition of *H-labelled Q8 RNA (2 pmol). It is seen that the 
amount of QB[*H]RNA in the 70S peak is about 0.4 pmol (20% 
of the input) in the absence of P-2a (Fig. 1, left figure) and 
decreases with increasing amounts of P-2a. At a molar ratio of 
P-2a to QB RNA of 2.5, 50% inhibition of 70S complex 
formation was observed, and at a ratio of 10, inhibition was 87% 
(Fig. 1, right figure, Table 1). The effect of several other oli- 
gonucleotides on 70S complex formation was compared to that 
of P-2a in the experiment in Table 1. An equimolar mixture of 
P-2a and P-2b (which are difficult to separate) had the same 
inhibitory effect as pure P-2a, 

To show that inhibition of complex formation was not due to 
an inhibitor other than an oligonucleotide, an aliquot of the 
mixture of (weakly **P-labelled) P-2a and P-2b was treated with 
Sepharose-linked RNase T,; the equivalent of 20 pmol of the 
*P-labelled oligonucleotides, which after this treatment were 
completely digested (as shown by electrophoretic analysis) gave 
virtually no inhibition (Table 1). The RNase A-resistant oli- 
gonucleotides G-G-A-~A-~G-G-A-G-Coy (P-4) and G-G-A-G- 
A-A-G-Cox (P-6), which showed less complementarity with the 
3'-terminal region of 16S rRNA (Table 1) than P-2a, were far 
weaker inhibitors; the concentrations required to give 50% 
inhibition were about three and five times greater, respectively, 


Fig. 2 Sedimentation analysis of complex formation between 
ribosomes and QS[ H]RNA and [*?P]pA-U-G: effect of fMet- 
tRNA and oligonucleotide P-2(a+b) The reaction mixture 
contained 92 mM Tra-HCl (pH 7.5), 0.18M NH,Cl, 9.2 mM 
MgCl, 0.92 mM dithiothreitol, 0 92 mM GTP, 10 pmol of low-salt- 
washed ribosomes, oligonucleotide as indicated below and about 
1.3 nmol of stripped, unfractionated tRNA loaded with fMet 
(estimated to contain about 30 pmol fMet-tRNA) in a volume of 
13 yl. After 15 min at 37°C, 2 pmol of Q8[°H]RNA (O) (specific 
activity, 1 3 x 10° c.p.m. pmol™’) and 100 pmol of (**P}]pA-U-G 
(@) (specific activity, 1.9 10% c.p.m. pmol’) were added in 7 pl 
and incubation was continued at 37 °C for 10 min. The sample was 
then analysed ossentlally as described in Fig 1. a, No oligonucleo- 
tide, plus (Met-tRNA; b, no oligonucleotide, no f(Met-tRNA; c, 
40 pmol of P-2(a+b), plus {Met-tRNA Brackets indicate the 
fractions corresponding to the 70S complex f 


32P radioactivity (c pm x 107?) 





3H radioactivity (c pm x 1073) 


. Fraction no 
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Table 1 Inhibition of binding of 70S ribosomes to Q8 RNA by oligonucleotides 





% of QBŽH]RNA 
bound to 
Amount added 70S nbosomes 
(pmol (relative to 
Oligonucleotide Nucleotide sequence (AG (kcal mol~*))* oligonucleotide) controlt) % Inhibition 
None f none 100 0 
P-2a (purified by A-G-A-G-G-A-G-G-Uoy (-16.9) 5 42.6 57.4 
ribosome 
P-2a (purified by 10 32.6 67.4 
ribosome binding)’ 
P-2a (purified by 20 12.8 87.2 
ribosome binding)’ 
P-2(a+b) A-G-A-G-G-A-G-G-Uou (a) (~16.9) 20 BE 91.2 
(1:1 mixture) G-G-G-A-G-A-A-G-Upg (b) (~10.0) 
P-2(a+b), treated 20 115.0 0 
with RNase T,¢ 
P-4 G-G-A-A-G-G-A-GCog (—11.1) 20 43.4 56.6 
P-6 G-G-A-G-A-A-G-Con (-7.9) 20 57.5 42.6 
T-14 A-U-U-U-C-U-U-C-U-A-U-Gox (—1.1) 20 105.0 0 
T-2 A-U-A-U-U-A-U-U-U-U-A-C-C-Goxn (-1.1) 20 90.0 10.0 





Low-salt-waahed ribosomes (5 pmol) were incubated with oligonucleotides in the conditions described in the legend to Fig. 1 for 15 min at 37 °C, 
then Q8[*HJRNA (2 pmol, specific activity 6.9 x 10* c. p.m. pmol’ or 3x 10° c.p.m. pmol’) was added to the muxture and incubation continued for 
10 min at 37°C. The mixture was diluted with 100 ul of buffer B and analysed by 10-30% sucrose t centrifugation as described elsewhere’. 

*Free energy of optimal interaction with the sequence yoA-U-U-C-C-U-C-C-A-C-U-A-G (5) of the 3’ end of 16S rRNA was calculated 

to Gralla and Crothers’’, without considering the free energy contribution resulting from the bimolecular nature of the reaction. 

+ In the control experiment where oligonucleotide was omitted, about 20% of the input Q8 JRNA was bound to 70S ribosomes (see Fig. 1, a). 

t BrCN-activated 4B was prepared and RNase T, was immobilised essentially as *3pJabelled aligonucleotide P-2(a+b) 
(50 pmol in 5 ul H20; specific activity, 200 c.p.m. pmol” 1) was allowed to run into a small column (0.1 ml) of ummobilised FNase T, and to stand for 
15 min at room temperature. The RNA was rinsed out of the column and an aliquot was taken for electrophoretic analysis ©: only A-A-Gp, A-Gp, Gp 
and Up were detected. Digested RNA equivalent to 20 pmol of P-2(a+b) (as determined by radioactivity) was tested for inhibitory activity as 


described for the untreated fragments. 


than: those required with P-2a. Two pyrimidine-rich RNase 
T,-resistant oligonucleotides, T-14 and T-22, gave virtually no 
inhibition at a molar ratio of 10 relative to Q8 RNA (Table 1). It 
is interesting in this connection that AG-rich random 
copolymers were found to be potent inhibitors of ribosome 
binding to natural mRNA‘. 

To determine the dependence of pA-U-G binding to ribo- 
somes on fMet-tRNA, a mixture of 5’-**P-labelled pA-U-G 
(100 pmol) and QS[ H]RNA (2 pmol) was incubated with ribo- 
somes (10 pmol) in the presence or absence of fMet-tRNA and 
70S complex formation monitored by sucrose gradient centri- 
fugation. As shown in Fig. 2, the binding of Q8 RNA as well as 
of the pA-U-G was strongly dependent on the addition of 
fMet-tRNA to the incubation mixture: 0.3 pmol of Q8 RNA 
(15% of input) and 0.6 pmol of pA-U-G (0.6% of input) were 
bound when initiator tRNA was added, and 0.06 pmol were 
bound in either case when the tRNA was omitted. The binding 
of pA-U-G was almost proportional to its input level, up to 
100 pmol. At 10 pmol, the binding of pA-U-G was 0.08 pmol, 
about one-quarter that of Q8 RNA at an input of 2 pmol. These 
results may indicate a different rate of complex formation for Q8 
RNA and pA-U-G; it is less likely that the yield of 70S complex 
would reflect an equilibrium between free and complexed 
components in the conditions of our assay, as centrifugation 
through a sucrose density gradient removes the excess oli- 
gonucleotide from the equilibrium. Oligonucleotide P-2(a+b) 
(a mixture of P-2a and P-2b) inhibited binding of Q8 RNA but 
distinctly stimulated that of pA-U-G (Fig. 2c, Fig. 3) at all levels 
teated; the values for 40 pmol of P-2(a+b) were 78% inhibition 
for QB RNA and 42% stimulation for pA-U-G. The cor- 
responding values for 40 pmol of oligonucleotide P-6 (see Table 
1) were 21% and 25%, respectively. The stimulation of binding 
of pA-U-G by P-2(a+b) may be due to increased availability.of 
ribosomes no longer bound to QB RNA. 

There are great differences in the stabilities calculated for the 
putative interactions between the 3’-terminal region of 16S 


rRNA and the Shine-Dalgarno regions of different mRNAs’. It 
has been proposed that both the Shine-Dalgarno interaction 
and the interaction between initiator site and [Met-tRNA anti- 
codon have a role in the formation and/or stability of the 
initiation complex*” and that one or the other may make the 
greater contribution, depending on the nature of the mRNA. 
Several sets of experimental findings bear on this hypothesis. (1) 
In the case of the QB coat cistron, where the Shine-Dalgarno 
interaction is relatively weak (AG = —7.9 kcal mol`’), a muta- 
tion converting the A-U-G initiator triplet to A-U-A reduces 
the amount of 70S complex recovered in binding experiments to 
less than 10% (ref. 5). An A-U-G~>A-C-G mutation in the 
cistron for the 0.3 protein of phage T7 (AG of Shine-Dalgarno 
interaction = —10 kcal mol™*) does not diminish the efficiency of 
ribosome binding (in this case, however, it is not excluded that 
binding might occur at an A-U-G triplet two codons down- 
stream)’. (2) In the presence of fMet-tRNA, Escherichia coli 
ribosomes bind to the coat cistron and to a lesser extent to the 
replicase cistron, but in its absence only to non-initiator sites 
which show extensive complementarity to the 3’-terminal region 
of 168 rRNA (AG =-—11.1 to —16.9 kcal mol™')’. Ribosomes 
bind efficiently, even in the absence of [Met-tRNA, to an RNA 
fragment from the R17 initiator region of the A cistron, where 
the Shine-Dalgarno interactioh has a AG of —15.8 kcal mol” 
(refs 2, 10). (3) The trinucleotide pA-U-G binds to 70S ribo- 
somes, and at least one MRNA, the APrm RNA, which carries 
the initiation triplet at its 5’ end and thus lacks the ‘Shine— 
Dalgarno’ region, is translated in vivo*'; however, binding of the 
trinucleotide pA-U-G seems to be far weaker than binding of 
QB RNA as judged by the molar amount of the material 
retained by ribosomes, and the efficiency of translation of the 
repressor gene by Prm promotor is an order of magnitude less 
than that of Pre, thesame mRNA preceded by a leader sequence 
comprising a Shine-Dalgarno region’*. (4) A point mutation 
diminishing the extent of the Shine-Dalgarno interaction at the 
initiator region of the 0.3 protein of phage T7 causes a shift of 


Radioactivity bound (% of control) 





10 
Oligonucleotide (pmol) 


Fig.3 Effect of oligonucleotide P-2(a+b) and P-6 on the binding 
of 70S ribosomes to QS["H]IRNA and [**P}pA-U-G. 
Qs[PH]RNA and [°**P]pA-U-G were incubated with ribosomes, 
fMet-tRNA and the amounts of P-2(a+b) or P-6 indicated, and 
708 complex formation was determined as described in the legend 
to Fig. 2. O, QB[PH]RNA and P-2(a+b); @, [°*P]pA-U-G and 
P-2(a+b); A, OB(HIRNA and P-6, A, [°?P]pA-U-G and P-6. 


ribosome binding to an A-U-G located 15 nucleotides down- 
stream, whereas a suppressor mutation, which creates a more 
stable Shine-Dalgarno interaction at the original site, restores 
the normal ribosome binding capacity of the mRNA. 

If P-2a blocks the formation of Shine-Dalgarno interactions, 
then ribosomes could only attach to OB RNA by virtue of the 
interaction between fMet-tRNA and A-U-G. If we assume that 
there are no other important interactions between ribosomes 
and natural mRNA, the rate of formation or stability of 
complexes between 70S ribosomes and the trinucleotide A-U-G 
on the one hand and any other mRNA on the other should 
become similar in the presence of oligonucleotide P-2a. It will be 
of interest to compare the effect of this oligonucleotide on 
ribosome binding and protein initiation, both with Q8 RNA and 
with other messengers. 

This work was supported by the Schweizerische National- 
fonds (no. 3.114.77) and the Kanton of Zürich. 
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An intervening sequence of the mouse 
8-globin major gene shares extensive 
homology only with 8-globin genes 


THE mouse -globin major (@™) gene is interrupted by two 
intervening sequences of DNA that divide it into three dis- 
continuous segments”. The entire gene, including the coding, 
intervening and untranslated regions, is transcribed into a 
colinear 15S mRNA precursor‘ containing a 5’-cap structure 
and 3'-poly(A) (refs 5-7). Because mature globin mRNA is 
significantly smaller (10S) and does not contain these interven- 
ing sequences, the 15S precursor must be processed. Such 
processing presumably accounts at least in part for the reduc- 
tion in sequence length observed between so-called hetero- 


_geneous nuclear RNA (Hn RNA) and cytoplasmic RNA*”°. 


Intervening sequences seem to occur in a variety of genes and 
organisms'’''*, but their function and representation in the 
genome have been unknown. 
The availability of cloned B-globin genes™' permits us to 
answer certain obvious questions about the structure and 
occurrence of intervening sequences. Previously, we examined 
the extent of the homology between cloned 8-major and B- 
minor (6"™) genes by means of restriction endonuclease analysis 
and by visualisation of heteroduplex structures formed between 
them. Of the 7,000 base pairs compared, shared non-coding 
sequences comprised only a few hundred base pairs’®. In the 
longer (646 base pairs) intervening sequence, homology was 
found only in the regions bordering the structural gene 
sequences; thus, the central portion of the intervening 
sequences has diverged. The significance of this conserved 
homology, perhaps representing retained regulatory signals or 
sites important for the elimination of intervening sequences, is 
unknown. Any homology to other portions of the genome has 
likewise been unknown. Do parts of the intervening sequence 
constitute a genetic signal retained among unrelated genes 
throughout the genome, analogous to bacterial insertion 





as 1” 





Fig. 1 Derivation of intervening sequence containing probes 
from B™” (M8G2) DNA. a, The M8G2 mouse genomic EcoR1' 
fragment containing the B™” gene, including flanking, transcribed 
but non-translated, intervening and coding sequences. This frag- 
ment was cloned intact into the plasmid PMB9, yielding 
PMB9 - 8G2 (ref 2) k, IVSA} PMB9 - 8G2 DNA was digested 
with BamHI and Hmdiil (New England Biolabs), ligated with 
similarly digested PBR322 DNA, and used to transform y1776 
(ref. 2). Clones hybnidising the excised 230-base pair fragment 
were picked, grown up, and the 230-base pair Bam-—HindlIll 
fragment cut out of a 9% polyacrylamide gel, eluted by elec- 

and concentrated on DEAE cellulose. c, (TVS-B), 
PMB9-8G2 DNA was digested with BamHI and Prti, and the 
appropnate 620-base pair fragment isolated from a 9% gel as 
above. d, (TVS-C), PMB9-8G2 DNA was cleaved with BamHI 
and XbaI and the 1,500-base pair fragment isolated as above 
except from a 5% gel. CO, Genomic flanking sequences; W, coding 
sequences; W, intervening sequences; C], transcribed, untranslated 

sequences 
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Fig. 2 Hybridisation to genomic DNA of various probes containing intervening sequence from B7” (MBGA 


773 


Embryonic DNA 








EtBr, a7 ethidium bromide- 


stained 1% Agarose gel containing 35 pooled fractions from an RPC-5 chromatograph of EcoRI DNA: direction of migration is from top to 
bottom, The DNA in gels identical to the stained gel shown was transferred to 4 Millipore nitrocellulose filter ` and bybridised to various 


*“D labelled probes (see Fig. 1} as follows: 
Probes were labelled by nick-translation 


sequences’? Are intervening sequences shared among genes 


expressed coordinately in synthetic pathways, such as those 
involved in erythropoiesis? Or are intervening sequences 
completely unique? To answer these questions, we have used an 
especially powerful form of analysis involving a two-dimen- 
sional distribution of EcoRI fragments of mouse genomic DNA, 
RPC-5 chromatography and Agarose gel electrophoresis. The 
resulting pattern is then transferred to nitrocellulose filters and 
hybridised in situ to °*P-labelled probes™” containing all or part 
of the B™ intervening sequence. We have examined the 


at -pCRI- BMY (B-globin); 
to specific activities of 86 c._p.m., 158, 12.7, [43 and 18 cpm. pe 


?P.IVS-C; -aMIid (a-globin). 


respectively. 


“P_TVS-A; ““P-IVS-B: a pCR 


i 


genomic representation of the larger intervening sequence of 
the mouse 8" gene and report here that it shares extensive 
homology only with elements of the 8°” and B7 genes. 
Figure 1 shows the original cloned mouse globin gene, 8 
(M68 G2) (Fig. 1a) and the probes derived from it. The 8" gene 
is comprised of genomic flanking, coding and intervening 
sequences, as shown. Preliminary sequenc ng studies (D. A.K., 
unpublished) indicate that the 5‘ terminus of the small interven- 
ing sequence begins after the codon for amiro acid 30, its precise 
length has not yet been determined. The first probe, derived 


9 ERs 


T14 


from a sub-clone of M8 G2, is a 230-base pair fragment which 
extends from a Bam HI site at amino acid codon 99 to a HindIII 
site near the middle of the intervening sequence; this probe 
(designated [VS-A) contains the most distal 18 base pairs of the 
5’ coding sequence and the proximal 220 base pairs of the 
intervening sequence. The second probe depicted in Fig. 1, a 
BamHI to PstI fragment of approximately 600 base pairs 
(designated IVS-B), also contains the distal 18 base pairs of the 
S coding sequence but extends through the intervening 
sequence to within 75 base pairs of the 3’ coding sequence. The 
third probe, an approximately 1,500-base pair Bam HI to Xbal 
fragment (designated IVS-C) contains in addition to the distal 
18 base pairs of the 5' coding sequence, the entire intervening 
sequence, 3’ coding sequence, 3’ transcribed but untranslated 
region, and approximately 600 base pairs of genomic flanking 
sequence. 

To identify sequences in the mouse genome homologous to 
these probes, murine embryonic DNA was purified, fragmented 
with EcoRI and fractionated by RPC-5 column chromato- 
graphy. Aliquots from the RPC-5 fractions were electro- 
phoresed, blotted on to nitrocellulose paper and then annealed 
to a “P-labelled probe’®’. The results of hybridisations with 
the three probes are shown in the third (TVS-A), fourth (TVS-B) 
and fifth (ITVS-C) panels of Fig. 2. The identical appearance of 
these three panels is notable, as is their identity with the second 
panel (8-globin), where the probe was the **P-labelled 8-globin 
structural gene sequence closed in plasmid pCR1i (ref. 21). The 
two discrete bands observed with the. 8-globin structural 
sequence as probe (and hence, those bands in the same positions 
in the IVS-A, IVS-B and IVS-C hybridisations) represent the 
two non-allelic B-globin genes: the upper, less intense band is 
the 13-kilobase B'"™" (M8G3); the lower, more intense band, the 
7-kilobase B™ (M8G72). The last panel (a-globin) demon- 
strates the band pattern of mouse a-globin sequences; in this 
experiment, the probe was the 7*-labelled a-globin structural 
gene sequence cloned in pCR1 (ref. 21). Note that three a- 
giobin genes are detected and that there is no homology between 
any of these and the 8™ probes (compare [VS-A, B and C to 
a-globin). The top panel (EtBr) does not depict an autoradio- 
gram but is simply an example of a gel strained with ethidium 
bromide and photographed before blotting and hybridisation; 
note the large amounts of DNA of heterogeneous size in each 
RPC-5 fraction, each lane containing of the order of 10% 
genomic fragments. l 

Before drawing conclusions from.the above experiments, we 
should consider the ability of our probes to detect homologous 
sequences. From a comparison of the partial sequences of 
MB G2 (8"™") and M8G3 (8™") as well as heteroduplex studies, 
we are certain of at least 50 base pairs of homology between 
probes IVS-A or IVS-B and 6™ (ref. 16; D.A.K., unpublished 
data); it is evident from Fig. 2 that this degree of hybridisation is 
detected. We know, however, from unrelated experiments, that 
IVS-A barely detects an 18-base pair homologous sequence 
(H.LM., unpublished data). The minimum size of homologous 
sequences resolved in these experiments is, therefore, approx- 
imately 20-50 base pairs. 

We conclude that the long intervening sequence of the mouse 
B™™ gene shares detectable homology in the mouse genome with 
only the 8™ gene. We cannot rule out short sequences which 
might be more widely shared among intervening sequences and 
serve as recognition sites for processing. It is possible that rather 
than similarity or identity of primary sequence, there are within 
the intervening sequences characteristic conformations con- 
ferred on the mRNA precursors by secondary and tertiary 
structures. Alternatively, the sequences surrounding the inter- 
vening sequence may provide the specificity required for the 
elimination reaction. Such a possibility is especially suggested by 
what is known of yeast tRNA intervening sequences". These 
differ among tRNA precursors, whereas the conformations of 
the tRNA molecules themselves are probably quite similar. 
Further, recent evidence involving a portion of a putative inter- 
vening sequence in the chicken ovalbumin gene suggests that it is 
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present only in the ovalbumin gene’”. Ultimately, a comparison 
of the structure of all these elements should permit us to define 
the critical features required for splicing. 

Note added in proof: We have recently determined the entire 
nucleotide sequence of the mouse §-globin major gene (Konkel 
et al. Cell, in the press) and find short closely homologous 
sequences at the borders of both smaill‘and large intervening 
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Errata 


In the article ‘The tau heavy lepton—a recently discovered 
elementary particle’ by M. L. Perl, Nature 275, 273-278, in line 
6 on page 274 for reaction (2) read reaction (3). In line 13 for 
equation (1) read equation (2). 


In the letter ‘Viral sequences related to a human skin papil- 
lomavirus in genital warts’ by G. Orth et al., Nature 275, 
334-336, on page 335 right-hand column line 6 should read 
... are close to those... 


The title to the letter by Jones, Kindman and Knowles, Nature 
275, 564, should read: ‘Stereochemistry of phosphoryl] group 
transfer using a chiral [‘°O, 1O, 1*0] phosphate monoester: the 
stereochemical course of alkaline phosphatase’. 
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matters arising 


Possible Sun-weather 
correlation 


GERETY ET AL.’ recently repeated part 
of my work’ on the correlation between 
solar activity and weather for the zones 
50°N-60°N and 60°N~70°N. I was not 
surprised by the fact that the authors have 
found substantial differences between my 
results and theirs for the simple reason 
that the two statistical samples on which 
the papers were based differ significantly. 
In fact, in my work I have used only those 
stations which provided long-term obser- 
vational data, whereas Gerety et al. used 
stations with observational data even of | 
or 2yr. Furthermore, in my paper I 
excluded a few annual values of R — Ry 
which appeared to differ significantly from 
the mean annual value. However, despite 
these remarkable differences between the 
two statistical samples, Gerety et al. have 
found a general similarity in the variation 
of the precipitation in the two northern 
zones. This can be clearly seen in Fig. | 
where the continuous lines represent my 
calculations and the dashed lines the cal- 
culations of Gerety et al. One could not 
expect to obtain a closer correlation from 
a comparison of two statistical samples so 
different in the kind and the number of 
stations used in the cited papers. 

JOHN XANTHAKIS 
Research Center for Astronomy 
and Applied Mathematics, 
Academy of Athens, 
Athens 136, Greece 
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GERETY REPLIES—-Although in prel- 
minary analyses stations with only a few 
years data were included, the study pub- 
lished in Nature included no stations with 
a length of record of < 15 yr. To be more 
specific about the statistical similarity 
between our separate samples: (1) In the 
latitude band 60°N to 70°N Xanthakis 
used 42 stations. Three of these stations 
had record lengths of less than 15 yr and 
two were located in another latitude band 
entirely. Our sample included all of those 
used by Xanthakis with the exception of 
the five just discussed and two more for 
which we could find no data. The total 
number of stations in our sample was 97. 
(2) In the latitude band 50°N to 60°N 
Xanthakis used 71 stations, one of which 
had a record length of less than 15 yr. Our 
sample included all but five of the remain- 
ing stations. The total number of stations 
in our sample was 159 

We agree with Xanthakis that there is a 
“general” similarity between his curves 
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Fig. 1 Comparison of the calculations of Gerety et al. (dashed line) and the author 
(continuous line). 


and ours but fail to see any hint of cor- 
relation between our curves and solar 
activity as measured by Xanthakis’ index 
Ia. Finally, if there were in fact a cor- 
relation between Ia and precipitation 
measured in this peculiar manner, it seems 
to us that it ought not to depend so 
strongly on one’s choice of stations. 


EDWARD J. GERETY 

Department of Astro- Geophysics, 
University of Colorado, 
Boulder, Colorado 80303 

and 
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Humanistic Studies, 
Boulder, Colorado 80302 


Oxygen in the palaeoaquatic 
environment 


The article by B. and A. Henderson- 
Sellers has an inappropriate title because 
it is not concerned with oxygen in the 
palaeoaquatic environment per se but 
attempts to identify, at the end of the 
Precambrian, the most likely region on the 
Earth where diversification of multi- 
cellular animals took place, by examining 
oceanic oxygen levels from the average 
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position of the density gradient or pyc- 
nocline at that time. Thus they show pyc- 
nocline depth as a function of latitude, 
600 Myr ago, on the basis of a model 
which depends on several assumptions, 
the principal being that the palacocean 
was density-stratified like the water of a 
temperate lake during the summer’, and 
from an assessment of the concentration 
of oxygen above the pycnocline (acting as 
a barrier to downwards diffusion of oxy- 
gen released by photosynthetic 
Organisms) they conclude that multi- 
cellular animals originated, and 
diversified, in latitutinal zones between 
~50 and 70° N and S. Their decision to 
examine the distribution of oceanic oxy- 
gen levels 600 Myr ago was evidently 
influenced by the very late and sudden 
diversification of life, that “apparently” 
took place at the end of the Precarnbrian. 

Assuming that 600 Myr ago oxygen was 
limited to water above the pycnocline, the 
Henderson—Sellers have suggested only 
that, at that time, the surface waters of 
certain latitudinal zones contained a 
sufficiently high concentration of oxygen 
to be suitable for the existence of multi- 
cellular life. They have not provided evi- 
dence showing that such conditions did 
not exist at the same or different latitudes 
before 600 Myr ago and, therefore, have 
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failed to tie the origin and initial diver- 
sification of multicellular animals either to 
the end of the Precambnan, or to parti- 
cular latitudinal zones. Evolutionary 
diversification must have been taking 
place at that time because once initiated, it 
is continuous. Eucaryotic unicellular 
organisms dependent on oxygen were liv- 
ing at least 300-400 Myr before the 
beginning of the Cambrian’, and the fully 


aerobic environment in which they exis- 


ted* was equally suitable for multicellular 
animals. That this was the situation for at 
least 100 Myr before the end of the Pre- 
cambrian is shown by the presence of 
fossils of a variety of soft-bodied 
metazoans in late-Precambrian rocks in 
several parts of the world**. These late- 
Precambrian organisms were, however, 
already complex forms, so that the evolu- 
tion of metazoans from protists* clearly 
took place still earlier in the Precambrian, 
and was not connected in any way with 
environmental conditions at the end of the 
Precambrian. 

The concept of a sudden diversification 
of life at the end of the Precambrian 
derives from the time when it was widely 
believed (from the lack of fossil evidence) 
that metazoans evolved only shortly 
before the beginning of the Cambrian. 
Thus, Cambrian strata, in contrast to 
apparently unfossiiferous Precambrian 
rocks, were known to contain abundant 
fossils representing the principal animal 
phyla now inhabiting the world as well as 
extinct ones. The abundance of fossils at 
that time was a result of the acquisition of 
preservable hard parts independently by 
many groups of organisms. Although the 
latter was not synchronous, it seemed 
more nearly so when the Lower Cambrian 
was believed to represent a period of 
30 Myr as against the currently recognised 
50 Myr (ref. 7). The complex multicellular 
organisms that developed hard parts were, 
bowever, not living in the surface water of 
the ocean but on the sea floor, and so they 
were derived from less complex forms 
already adapted for a benthic existence. 
Hence, the sudden diversification of life 
attributed to the end of the Precambrian 
or to early Cambrian time refers only to 
the bottom-dwellers. that acquired 
skeletons, as little is known about the 
variety of soft-bodied benthic and pelagic 
animals also living at that time. 

Restriction of oxygen, before the 
beginning of the Cambrian, to surface or 
near surface water (above or within the 
pycnocline) or, in high concentration, to 
certain latitudinal zones, implies lack of 
disturbance of the density layers by cur- 
rents like those of today which move water 
from one region to another or from one 
depth to another, and result in a mixing of 
water and distribution of oxygen to nearly 
all parts of the ocean. An ocean in which 
movement of water bodies was too slow to 
significantly affect the stratification would 
require a more uniform heat ‘distribution 
than there is at present; such conditions 


could only exist in the absence of 
continents (differential heating giving rise 
to complex wind ‘patterns, movement of 
water bodies, and so on) or.even of 
significant rises on the sea floor, that is, the 
ocean would have to have been global and 
of more or less uniform depth’. Emer- 
gence of continents took place long | before 
the end of the Precambrian’ 
oceanic conditions would then have been 
comparable to those existing today. Dur- 
ing the Lower Cambrian the world 
consisted of at least five continents 
separated by oceans’*””, and in the latter, 
multicellular animals existed at both high 
and low latitudes’?. Colonisation of the 
sea floor and overlying waters took place 
more than 100 Myr before the beginning 
of the Cambrian as the oldest known 
metazoan faunas include both benthic and 
pelagic forms*’*; some of them lived in 
shallow water whereas others inhabited 
relatively deep water®. Consequently, as 
far as the fossil record of Precambrian 
multicellular animals goes back, oxygen 
was present in water well below the level 
of the pycnocline. 

If multicellular animals, from the time 
of their origin until 600 Myr ago, had been 
restricted to the surface water of certain 
latitudinal zones because oxygen was not 
available in sufficient concentration else- 
where in the ocean’, either near the sur- 
face or below the level of the pycnocline, 
diversification would have been inhibited, 
as their migration (actively, or passively by 
currents) into other environments where 
they could survive and where adaptive 
evolution could take place would have 
been impossible. 


MICHAEL M. ANDERSON 
Departments of Biology and Geology, 
Memorial University of Newfoundland, 
St John’s, Newfoundland, 

Canada A1B 3X9 
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Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his | 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply, (if one is necessary) should 
be longer than 300 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 
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B. AND A. HENDERSON-SELLERS 
REPLY—Many of Anderson’s points are 
outside the scope of our paper’, as the 
temporal evolution from single- to multi- 
cellular life within the evolving ocean- 
atmosphere system is a wide topic and is 
discussed in more detail elsewhere’. The 
choice of 600 Myr ago as an example of 
our mode] results? was intended to ilu- 
minate the discussions of evolutionary 
processes current in the literature. Many 
of his points are, of course, still widely 
contested. However, we attempt to 
answer the most obvious below. The 
question of oceanic stratification at our 
chosen period is still unresolved. Degens 
and Stoffers’ discuss the anoxic conditions 
at depth resulting from the chemistries 
associated with the two layers. Although 
the permanency of this stratification is in 
doubt, its certain occurrence lends cre- 
dence to our model and provides at worst 
error bars on the timing. Hargraves‘ 
postulation of a global sea, although 
recently criticised’, seems to be supported 
by more recent evidence and discussion®’. 

The existence of a pycnocline, at least 
for long periods during the ocean’s 
history, implies that the build up of oxygen 
in the upper layers did occur at times up to 
and including the diversification and 
emergence of land animals. Our article 
was intended to illustrate an additional 
and important factor in the total descrip- 
tion of the complicated process of global 
evolution. The dynamic feedbacks 
between life, ocean and atmosphere dur- 
ing the evolution of the Earth will not be 
simply resolved. 


B. HENDERSON-SELLERS 


Department of Civil Engineering, 
University of Salford, 
Salford, UK 
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THE DRUGS HANDBOOK 


: Paul Turner and Glyn Volans 
A Review of Amino Acid 


Transport Processes in 
Animal Cells and Tissues 


Joseph Lerner 


A dictionary of drugs, arranged in alphabetical order 
of their medically approved names, with a trade 
names index. Each entry gives a brief description of 
the actions, uses and adverse effects of each drug — 
the sort of information that has been almost 
unavailable in the non-specialist area of 


pharmacology until now. Moreover, the book is 
The only comprehensive, detailed study of the presented in a concise handbook format to fit easily 


current status of oan and ave absorption of into a briefcase or capacious pocket It should prove 
amino acids in a wide variety of organisms. Sepa- invaluable to anyone involved in the medical use of 
rate chapters are devoted to the latest develop- drugs. 

ments in regulation and adaptation in transport 
processes, transport mechanisms, ion depen- 
dency of transport, sugar-amino acid interac- 
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Hector, Senior Lecturer, Queen Elizabeth College, 


: London. 
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World Environmental Directory 3rd Ed.. 


Nols. 1 & 2 


edited by Beverty E. Gough, Botines Publishers. Inc. 


The Third Edition of the World. Environmental Soo 
published in two volumee.-Universal in scope and covering 


ls 


hensive environmental arek ever produced. 
‘Volume One Includes listi of personnel, 
. government agencies, educat rial Institutions and organis- 
` ations from the United States and Canada. Volume Two covers ` 
‘listings from Africa, Asia, , Australia, New Zealand, Europe, 
Mexico and South America. 


Published . by- Business Publishers- inc., Maryland and’ 


distributed by John Wiley, & Sons Ltd in the UK, cae í 
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Novel Aspects of. Reproductive 


Physiology 
edited by C.H. $ 
both of Upjohn Company: 

_ The proceedings of the Seventh: Brook Lodgé Workshop on 
' Problems of Reproductive Biology. 

It has become strikingly apparent that the multiplicity ofevents ° 
In the reprodu 


explained by the classical regulatory interrelationships of the 
hypothalamus and pitultary, or the gonad and rts target organs. 


Now es he activities have recently been observed in tiseues - -r 


and body flulds or their exctracts;.new chemical entities have ` 
been observed to appear in the reproductive tissues at discrete 


times or specific cellular sites; new interactions between ' 


tissues and cells of the reproductive organs have been: 
proposed The purpose of the Workshop was to focus on the | 


+, current status of knowledge regarding several of these novel: 
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regulatory molecules and concepts, and to provide an impetus . 


for further advances Ir in these- ‘areas, 
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. the fossil record, this comprises an analysis of endocasts In 
man and his Immediate ancestors. h reviews our knowledge of 
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a unique perspective for Western readers based, in part, én 
Russian research and analysis. that differs from ana tor 
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Newton’s correspondence 


The Correspondence of Isaac Newton. 
Vol. VU: 1718-1727. Edited by A 
Rupert Hall and Laura Tilling. Pp. 
522. (Cambridge University Press: 
Cambridge and London, 1978.) £25. 


Wirra this seventh volume, the Royal 
Society’s edition of the Correspondence 
of Isaac Newton, begun under the 
editorship of H. W. Turnbull (vols 
1-3) and continued under J. F. Scott 
(vol. 4), is now brought to a conclusion. 
Volume 7 (ike vols 5-6) has been 
edited by A. Rupert Hall and Laura 
Tilling. The ecd#ors observe that very 
few of the letters included here “may 
justly be described as scientific”. There 
are exchanges with Varignon’ and 
Bernoulli about the calculus, but not 
its subject matter so much as a re- 
hearsal of «he old controversy with 
Leibniz of a decade earlier over ques- 
tions of priority in invention. Similarly, 
an extended set of correspondence 
with ‘Varignon concerning the Opticks 
deals not with Newton’s experiments 
and theoretical explanations, but rather 
with the type fount, the details of 
printing, the illustrations, and $o on. 
There are letters from Pemberton to 
Newton about the third edition of the 
Principia (1727), which Pemberton was 
seeing through the press. But Newton’s 
replies are lost and, in any event, most 
of Pemberton’s queries to Newton do 
not concern fundamentals of mathe- 
matics or of physics. . 

Perhaps the most interesting letters 
in this. volume are those written by 
or:to Pierre Varignon, then a pro 
fessor of mathematics a the Collège 
Mazarin and an influential member of 
the Royal Academy: of Sctences in 
Paris. Varignon was considered by both 
-Leibniz and Johann Bernoulli. to be 
a partisan of the Continental mathe- 
maticians, but he “maintained at least 
a superficial impartiality in the debate”, 
and kept up a friendly contact with 
both Newton himself and Abraham De 
Moivre, one of Newton's chief spokes 
men. Today’s -reader may still be 
‚astonished by both the heat of the 
debate and the degree of chicanery 
and plam dishonesty on the part of 
Newton, Letbniz, and practically every- 
one- who was in any. way associated 
with the issue. For example, Newton 
‘told Bernoulli that he had not “ever 
taken the trouble of spreading opinions 


throughout the world’; when he had 
actually written the draft of the report 
of the Royal Society's committee to 
examine the question of the true dis 
coverer or first inventor of the calculus. 
Nor was that all; on the publication 
of the committee’s documentary report 
in favour of Newton, the Commercium 
Epistolicum, Newton wrote and pub- 
lished a lengthy (anonymous) summary 
or ‘review of it in English in the 
Royal Society’s Philosophical Trans- 
actions. This was translated into Latin 
and published in a reprint of the 
Commercium Epistolicum: with an 
additional preface (also anonymous) by 
Newton. As to Bernoulli, he said of a 
famous letter he had written (also pub- 
lished anonymously), “I am not certain 
of what kind that letter addressed to 
Mr Leibniz is of which you speak . 

I do not remember having written to 
him myself that day, yet I would not 
deny it altogether. .”.. 

On a different level akogether is a 
brief note to Fontenelle, in relation to 
the presentation to the Royal Academy 
of Sciences of the second Latin edition 
of the Opticks (1719). Referring to the 
novelties introduced in this edition, 
notably the additional Queries, Newton 
said that “Here I cultivate the experi- 
mental philosophy as that which is 
worthy to be called philosophy” and he 
added that in his treatise “I consider 
hypothetical philosophy not as knowl- 
edge but by means of queries”. 

The volume concludes with a dis 
cussion of Newton’s genealogy and a 
lengthy appendix, containing additions 
and corrections to the first six volumes. 
A ‘considerable part of these addenda 
deal with Newton’s activities as 
Warden, then Master, of the Mint. It 
is thus seen that Newton’s post “was 
clearly no sinecure”. Not only did he 
have the difficult job of supervising the 
construction and operation of County 
Mints to “receive and recoin the old 
hammered money”, but he took it on 
himself to attend to the interrogation 
and prosecution of counterfeiters. 
These new letters deal with the chron- 
ology of Newton’s discoveries in the 
calculus, chemical experiments made 
by Boyle, and a draft of a proposition 
for the revised Principia (1713) dealing 
with the resistance experienced by a 
cylinder that moves through a fluid. In 
a letter of January 1675, Newton 





reviews 


I. Bernard Cohen 


thanks the Seccetary of the Royal 
Society for the offer of remussion of 
annual dues, explaining that he could 
no longer afford to remain a Fellow, 
as “the time draws near that I am to 
part with my Fellowship, & as my 
incomes contrac.” Newton evidently 
was to resign from his Fellowship at 
Trinity College in spring 1875, as he 
could not in conscience go into Orders, 
as was then required of all Fellows; in 
Apri 1675 the Lucasian Professorship 
—to which he was appointed—was 
exempted by Rcyal Patent from the 
rule about Ordera, but for which New- 
ton’s professional career would have 
been severely interrupted. 

Scientists and Aistorians and philos- 
ophers of science will be grateful to 
A. Rupert Hall and Laura Tilling on 
having at last brought to completion 
the edition of Newton’s correspon- 
dence, of which the first volume was 
published in 1959. But any users of 
this set will regre- that the last volume 
does not contain e comprehensive index 
to the complete correspondence. Fur- 
thermore, the ccrrections and emen- 
dations at the end of vol. 7 apply to 
all previous volumes, but they neither 
incorporate the rrevious list of errata 
(at the end of voL 3), nor do they refer 
the reader to the entries in the earHer 
list. Thus, every. time a letter in vols 
1-3 is consulted, che reader must look 
in two separate lists of errata, which is 
a great inconvenisnce. 1 


I. Bernard Cohen ts Professor of the 
History of Science at Harvard University, 
Cambridge, Mastaciusetts. 





Thin-layer 


chromatography 


Practice of Thm-Layer Chromato- 
graphy. By J. C. Touchstone and ML F. 
Dobbins. Pp.381. (Wiley-Interscience: 
New York and Chichester, UK, 1978.) 
$27.30; £14.50. 





PAPER CHROMATOJRAPHY was taken 
up slowly and with some fear and 
trepidation by thcse brave enough to 
try it at all because neither the paper 
nor the solvents and reagents were 
suitable for the technique; and, indeed, 
it took some time for paper for chro- 
matography to appear on the market. 
Conyersely, thin layer chromatography 


TR 


took off explosively because, by the 
time it appeared, most of the general 
problems of the technique had been 
solved and it was a relatively smple 
matter to transfer from paper to thin 
layers. 

- If you are about to start chromato- 
graphy then this book will not describe 
how to separate the compounds of in- 
terest, be they aminoacids, steroida, 
dyes, and so on. However, if you have 
some or even a great deal of 
experience then it is a mine of in- 
formation covering the whole subject 
in a most up-to-date manner. Extensive 
discussions on preparing plates, pre- 
coated plates, the mobile phase, types 
of chromatography, documentation, 
quantification and reproducibility, pre- 
parative and other aspects of the 
techniques are given in a very readable 


manner. Many tricks of the trade are 
described and I found some which I 
had not picked up in over twenty years 
of experience. Conversely, I feel that 
I might add a few to their 

The best way to cut foil-backed layers 
is with a guillotine and to prevent glass 
capillaries scratching plates it is best 
to place 1-2 mm plastic tubing over 
the end which will be applied to the 
plate. 

This book can’ be confidently recom- 
mended to all who practise thin layer 
chromatography and it would be a 
valuable addition to all departmental 
libraries. 

Ivor Senith 
Ivor Smith is Reader in Biochemical 
ucation 


Ed at the Courtauld Institute, 
Middlesex Hospltal, London, UK. 
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How Animals Communicate. Edited by 
T. A. Sebeok. Pp.1128. (indiana Uni- 
versity Press: Bloomington and Lon- 
don, 1978.) £40. ` 
ABOUT ten years ago, T. A. Sebeok 
edited two books on animal communi- 
cation, one of which became a stan- 
dard reference work in the field. The 
present volume is intended to update 
and replace’ both of these earlier ones. 
Fitting two into one and taking account 
of progress has led to a massive volume 
at an astronomical price. 

Editing a book to which there are 38 
separate contributions must be a daunt- 
ing task if the contributions are to 
appear on time and are to be well 
integrated with each other. Unfortun- 
ately, Sebeok has cut corners in these 
respects, the different chapters varying 
greatly in style, organisation, degree of 
detail and length, and many of them 
(presumably those by the more punc- 
tual authors) containing no references 
after 1974. Strictly imposed word limits 
tailored to the importance of each 
author’s topic and more rigorous selec- 
tion of the topics to be covered would 
have made a shorter, better and cheaper 
book. This is not to say that the book 
does not deserve some applause: many 
of the individual chapters will be, with- 
in their limited areas, the definitive 
reviews and works of reference which 
the whole book was intended to be. 

' One reason for its length is that the 
book is split into three sections, each 
classifying the field in a different way 
and thus involving some overlap. The 
variability of treatment is well illus 
trated ‘by the first section, which deals 
with theoretical issues. Here there are 
three thorough and useful chapters on 





evolution (Marler), ontogeny (Burg- 
hardt) and action patterns (Barlow). In 
the other three Lieberman repeats his 
controversial ideas on the evolution of 
language, Griffin gives a brief personal 
perspective and Robertson reviews 
cellular communication, a tonic of little 
relevance to the book’s main theme. 
The second: section deals with com- 
munication split up according to the 
senses and is equally patchy. There are 
useful conventional reviews of phero- 
mones (Shorey) and visual signals 
(Hatlman), as well as two excellent ones 
On‘more specialist but intriguing pheno- 
mena: bioluminescence (Lloyd) and 
electric signalling (Hopkins).: Beside 
these are a more or less irrelevant 
article’ on echolocation (Griffin), an 
out-of-date one on acoustics (Busnel), 


Interpreting 
fossil assemblages 


The Ecology of Fossils: An Illustrated 
Guide. Edited by W. S. McKerrow. 
Pp.384. (Duckworth: London; MIT 
Prees: Cambridge, Massachusetts, 
1978.) £14; $22.50. 


THis book is the first attempt to por- 


tray fossi communities of marine in 
vertebrates from’ every ‘geological 
system since the Precambrian. It con- 
tains 125 block-diagrams of fossil 
assemblages, each picturing animals 
and/or plants in life-position, in many 
cases their position when buried as 
fossils and their appearance in cross- 
section in the sediment. Each assem- 
blage is described and for each system 
there is a general introduction. The 
book owes a great deal to Mrs. E. 
Winson for her excellent drawings. The 
fact that different taxa may be impos 
sible to distinguish in these diagrams — 
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reprinted from one of Sebeok’s carHer 
books, and a chapter on tactile com- 
munication which deals only with hu- 
mans (Geldard). 

The third section of the book, which 
accounts for three-quarters of its 
length, covers communication in 
selected animal groups in a series of 25 
chapters, Same of the groups about 
which less is known are dealt with 
almost species by species, yet a more 
restricted approach has had to be 
adopted .to those which have been 
more widely studied. Hölldobler shows 
how well this can be done with his 
article on social hymenoptera, and the 
artodactyls (Walther) and higher pri- 
mates (Oppenheimer; Gautier and 
Gautier; Marier and Tenaza) also 
receive good thorough treatment. The 
birds lose out a bit with a relatively 
brief and general article by W. J. 
Smith. The book ends with an article 
by Sebeok an the relevance of animal 
communication to human studies, 
preceded by one on man—chimpanzee 
communication by Fouts and Rigby. 
The editor’s view on the- rather sterile 
controversy as to whether the feats of 
chimpanzees constitute language is 
neatly expressed by the appearance of 
the names of these chimps in what 
would otherwise be an author index. 

Overall, this book contains much 
that is readable and interesting, but it 
falls short of being an encyclopaedic 
work of reference because it. covers 
some areas very much more fully than 
others. 

P. J. B. Sister 


P. J. B. Slater is a Lecturer in Antmal 
Behaviour at the University of Sussex, UK. 


for example, Orthambonites and Pleur- 
orthis in fig.5,.or the two species of 
Batillaria in fig.115 — is a useful re- 
minder to the student that fossdls can- 
not usually be identified properly at 
a glance; but too many of the pictures 
are given impossibly. accurate names. 
. Although biologists do not agree 
amongst themselves on how a com- 
munity can be defined, the authors 
consider that there is only one way to 
define fossil communities: a group of 
animals living in the same habitat. This 
convenient empirical definition is elab- 
orated in the introduction to the 
Silurian, and it becomes apparent that 
they recognise that it is the. associa- 
tions of taxa themselves that define 
both the habitat and the community 
living in it: habitat is not intended to 
be defined by the inorganic facies of 
the’ sediment. Nevertheless, many of 
the communities in this book ‘are tied 
to particular facies environments — 
for example, “Upper Devonian Clastic 
Shelf” or “Muddy Lime Sand” dn the 
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Jurassic). 
The authors recognise that the com- 


munities illustrated are a selection from > 


the large number known and that the 
diagrams emphasise organisms that are 
common and easily preserved. The 
implication is still there that the assem- 
blages illustrated are real associations 
of fossils, This is not always true, and 
it is noticeable that many of the “‘com- 
munities” are not tied to named 
stratigraphical units. Thus, fig.85, the 
Upper Jurassic ‘“‘Calcarenite Com- 
munity’, which from the presence of 
Rhaxella can be presumed to be a 
Corallian assemblage, is unlike any 
single example of the 18 detailed ben- 
thic’ associations in the CoralHan as 
described by Fūrsich (Palaeontology, 


munity” after a species that is actually 
limited to a very small thickness of the 
succession that happens to lack many 
of the other fossils illustrated. These 
minor mistakes are omiy part of a gen- 
eral weakness, and perhaps inevitable 
limitation, of all the reconstructions: 
they are both unquantitative and sub- 
jective. Why include ao few ammonites 
in the Jurassic where they are often 
abundant, and yet provide an illus- 
tration containing seven different 
species of ammonites in the Late Turo- 
nian Hardground Community (fig 105), 
which in turn does not include or men- 
tion the much more common brachio- 
pods? Why is a Caninia not illustrated 
in fig. 50 when it is mentioned in the 
description of the community? Con- 
versely, Aviculopecten is ilustrated but 
we are told nothing of its ecology. 

For a book on ecology, the actual 
amount of ecology given is often very 
limited, even allowing for the fact that 
many of the groups of organisms are 
extinct. For the Devonian, Permian, 
Triassic and Jurassic there are good 
attempts at an integrated interpreta- 
tion of each community, but for many 
animals in other chapters nothing is 
given beyond whether it was benthic, 
planktic or nektonic. Quantitative 
information is scarce throughout. It is 
not explamed that the linear scales to 
the diagrams are only to size the 
organisms, not to indicate the number 
of specimens that one can expect to 
find in the rock, nor their original 
abundance. 

Although these weaknesses will be 
obvious to the professional, the book 
is likely to be welcomed by students 
They will value the novelty of fossils 
being interpreted in assemblages that 
they might find for themselves, as op- 
posed to a theoretical discussion of 
principles or a mere list of facts about 


each phylum separately. Although 
mainly for the British reader, the asso- 
clations are hardly tied to national 
frontiers. It would be equally useful 
elsewhere in northern Europe, and 
many of the Palaeozoic associations 
can be found in the eastern part of 
North America. Moreover, at least an 
outline is given in many chapters of 
modifications to be expected in North 
America and the Tethys. Future edi- 
tions could be improved by the 
inclusion of a few famous foreign 
examples such as the Burgess Shale 
fauna and a rudist reef association; 
there could also be more examples of 
present-day communities, each with a 
fuller ecological synthesis. Most of all 


TT9 


the bibliography needs to be classified: 
at present it is no more than a list of 
the papers referred to. As a result 
there are three petrofogical papers by 
West, but on ecology only one each 
by Bromley, Firsich and Kauffman 
and just two by Seilacher. No refer- 
ence is made to work by Bulman, 
Carter, Eager, Hudson, Kirk, Nicol, 
Oliver, Sohl, Reid or Scott, just to men- 
tion some well known names who write 
in English. The only serious misprint 
is on p110 where none of the key let- 
ters to the diagram has been printed. 

J. M. Hancock 


J. M. Hancock ts Reader in Geology at 


King’s College, University of London, UK. 





Communication 
update 


On Human Communication: A Review, 
A Survey and a Criticism. Third edi- 
tion. By C Cherry. Pp.374. (MIT 
Press: Cambridge, Massachusetts, and 
London, 1978.) £12.25; $21.85. 





THe re-appearance of this book is both 
timely and welcome. Since the first edi- 
tion was published the world has seen 
the emergence and explosive growth 
of information processing systems of 
all kinds — not only large-scale elec- 
tronic computing machines, with asso- 
ciated developments in storage media, 
data-bases and information retrieval, 
but many others. Thus we- have: 
satellite and ground-based microwave 
communication systems that have 
transformed the world into McLuhan’s 
‘global village’, allowing an estimated 
0.7 x10° people to view the late 
pope’s funeral as it took place; new 
components for the optical transmis- 
sion and manipulation of information, 
promising even greater speeds and 
data densities; private and commercial 
networks for linking many computers 
together; large on-line systems for air- 
line reservations and hospital manage- 
ment; and, most recently, developments 
in component technology that have not 
only turned computers themselves into 
mere components, at component prices 
(so-called microprocessors), but have 
also allowed the economical produc- 
tion of a host of other ‘intelligent’ 
components that have revolutionised 
systems design in all areas of electronic 
information handling. Many such sys- 
tems perform critical functions in 
society on the basis of information 
gathered by dialogue with people. By 
improving and disseminating know- 
ledge of human communication we 
may hope to avoid such communica- 
tion disasters as apparently occurred 
with the signal control system for 
Britain’s M4 motorway in December 


1976 when 11 people were killed or 
injured and the motorway was closed 
for over 6 hours. 

The book is unchanged from the 
first edition, apart from the addition 
of one chapter and minor corrections. 
It is a tribute to the scope and funda- 
mental nature of the book that it 
survives well this procrustean decision 
that would have proved fatal to books 
of lesser stature, but certain sections 
are consequently rather dated 
(for example, those touching on 
machine intelligence and perception, 
including the machine synthesis and 
recognition of human speech) Nearly 
all the shortcomings of the book arise 
from this source end from failure to 
update material prefaced by terms such 
as ‘recent’ and ‘today’. 

The book defines communication as 
an act of sharing, distinguishing sign 
systems of animals from human 
language, and symbols from words, 
noting that languege is the basis of 
rational thought ard conduct. It then 
traces the historical development of 
our current views on ‘information’, 
and goes on to examine and describe 
language. There is next a review of 
various methods o° analysing speech; 
but by failing to treat modern develop- 
ments the author omits mention of 
Linear Predictive Coding of the speech 
waveform as well es the Fast Fourier 
Transform, both o? which are highly 
relevant to computer-based analyses of 
speech. Then the classical Wiener— 
Shannon statistical theory of communi- 
cation is simply explained and the 
author goes on to sow how Bar-Hillel 
extended notions of information 
measurement to the semantic domain, 
based on Carnap’s <heory of inductive 
probability. Chapter 7 reviews some 
of the basic facts and problems of 
human perception and cognitive ac- 
tivity, ending with tne observation that 
it is the multitude of general concepts 
and powers of organising them by 
means of language that form the back- 
bone of human communication, dis 


tinguishing humans from animals. 

In the new chapter 8, explaining 
what is human about human communi- 
cation, in the light of the recent 
interesting experiments on communica- 
tion with apes, there is useful insight 
(for instance, the idea that classical 
stimulus-response psychology may be 
rejected as the sole basis for under- 
standing humans, because such a res 
tricton would rule out human com- 
munication and would fail to dis 
tinguish one’s relationship to a person 
from one’s relationship to a thing). 
The author also sets down an existen- 
tialist view of what it is to be human. 
However, in excluding computer 
‘languages’ from the domain of true 
languages—and thus from human con- 
munication, preferring to call such 
constructs coding systems because they 
require no cognitive effort on the part 
of the machine — the author touches 
on an important point about human 
communication that is not followed up, 
despite being implied at numerous 
points throughout the book. The point 
is that we shall not truly understand 
human communication until we can 
understand what kind of cognitive 
effort is involved; until we can for- 
malise just what changes occur in a 
receiver’s world model, and know how 
to produce those changes most 
efficiently, or at least can state what 
kinds of signal strategies are most 
likely to be useful. A reference to work 
by Winograd, Winston, Charniak or 
Colby would seem relevant here. 

The book is somewhat preoccupied 
with spoken and written symbolic 
forms of language, at the expense of 
graphical communication. It is still true 
that a picture is worth a thousand 
words, and some forms of dialogue are 
greatly facilitated by providing for 
much of the information to be com- 
municated and manipulated in the 
graphical domain, as instanced by the 
work of Robert Spence, at Imperial 
College in London. Indeed, as far as 
communication between humans and 
machines is concerned, it is in this 
area that the greatest progress’ has 
been made, perhaps for the same 
reasons that pictures were used at an 
early stage in human—human communi- 
cation. Pictorial representations can 
have just as rich a complex of syntac- 
tic, semantic and pragmatic rules, just 
as many paralinguistic features of 
various kinds, as written — if not 
spoken — forms of what is generally 
called language; but it seems probable 
that there is some fundamental differ- 
ence in the way that picture or spatial 
reference information is handled by 
the human. 

The general reader will undoubtedly 
wish to skip the mathematics, mainly 
in chapter 5, but will find the ground 


has been carefully prepared for what 
follows at each stage of the developing 
argument. Great care has been taken 
with the choice of words and the form 
of expression, and the book is rich 
with insight and painstakingly collected 
background material. The historical 
references, the relevant asides, and the 
anecdotes are a pleasure and a real 
aid to understanding for all readers. 
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However, for the serous student of 
human communication, the book must 
be regarded as what it is in 1978 — 
only a beginning. Nevertheless, for 
pleasure or study, the book will prove 
a very sound investment. 

David R. Hill 


David R. Hill w Associate Professor of 
Computer Science at the University of 
Calgary, Canada. 








Pesticide 
ecology 


Ecology of Pesticides. By A. W. A. 
Brown. Pp.525. (Wiley: New York and 
Chichester, UK, 1978.) £17.65. 


THE title of this book seems highly rele- 


vant to the current Interest in ‘ecotoxi- 
cology. The author is well-known and 
respected for his work on resistance of 
insects to insecticides, a topic that with 
its strong basis in genetics should lead 
easily into ecological considerations. In 
the event, I found the book a sad dis- 
appointment. 

The first, introductory, chapter gives 
a brief outline of the main types of 
pesticide, the economic and medical 
reasons for their use, their potential 
hazards to man, and of resistance to 
insecticides. The bulk of the book, in 
thirteen chapters, takes insecticides, 
herbicides and fungicides in turn, and 
considers their effects on selected com- 
ponents of various habitats. For ex- 
ample, chapter 6 considers insecticides 
and fish, whereas chapter 8 considers 
insecticides and birds. This approach 
makes for a repetitive and superficial 
account of what could. be unifying 
themes. Inhibition of cholinesterases by 
organophosphorus insecticides could 
provide one such theme. Instead, chap- 
ter 1 briefly states this as the mode of 
action, and chapters 6 and 8 give a 
few field observations on the degree 
of inhibition that is associated with 
death. There is little mention of the 
range of cholinesterases and acetylcho- 
linesterases, and no mention of demy- 
elination. There is no discussion of the 
possible implications for sublethal 
effects or of the difficulties in deducing 
from cholinesterase inhibition whether 
death is due to insecticide poisoning. 

More important, there is a lack of 
ecology, which should surely mean a 
consideration of the interactions be- 
tween pesticides and other factors, and 
their effects on population size and on 
community structure. Instead, a large 
part of these chapters consists of 
statements of the percentage reduction 
in population size for species exposed 
to pesticides in the field, of LD» and 
LCs» values, and of residues found in 


tissues. The amount of data is over- 
whelming, and seems more suitable for 
reference than for reading. This may 
reflect the author’s prefatory statement 
that the book metamorphosed from a 
concise text into a detailed review. The 
relevance of this material to the under- 
standing of ecological events is difficult 
to see: when one deliberately Kills 
members of one species changes in 
other species are bound to occur, irres- 
pective of any direct effects that the 
pesticide may have on these other 
species. 

At least one ecological principle is 
invoked, that maximum species diver- 
sity gives greatest stability to an eco- 
system. This is accepted in chapter 2 
without question and without support- 
ing evidence, whereas there are many 
who would argue the opposite. 

Chapters 9 and 10 are devoted to 
more general themes. The first consi- 
ders organochlorine insecticides and 
eggshell thinning. The second considers 
the movement of insecticide residues, 
locally and globally. Food chains are 
considered in some detail, and are 
shown to concentrate persistent organo- 
chlorine insecticides. The account is, 
however, somewhat partial. Important 
conflicting evidence is not quoted, and 
other evidence is not critically 
appraised. Thus, in one example, con- 
centrations of DDT in predatory fish 
and birds are given for visceral fat, 
whereas the concentrations in plankton 
and small fish are for whole bodies. 

There ıs something of a North 
American bias in the material consi- 
dered, with some notable omissions in 
references to the_ literature, and 
readers from other continents may wish 
that latin names had been given for all 
species, as well as their common 
names. These comments aside, the sub- 
ject index lists both individual pesti- 
cides and individual species effectively, 
and the book could be useful for quick 
reference to some information on the 
acute toxicity of pesticides, their per- 
sistence and breakdown products. 

F. Moriarty 


F. Moriarty is Principal Scientific O 


at the Institute oj A e Bcolory 
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CAMAC—system design made easy 


Not so many years ago oscilloscopes were being designed and built by research scientists for use in their own expe iments. Today such 
a situation is rare. Oscilloscopes have become standard items that are commercially available but the need for complex electronics to 
collect data and control expermments has increased. Many research groups are once again facing the problem of designing and building 
complex data processing systems. 

The use of small on-line computers 1s not a complete solution. A computer is often necessary to handle the volume and rate of data 
but it must still be connected to the experiment. To make progress in research an experimenter must acquire cons-derable expertise in 
computer science and electronics engineering. The problem first became acute in nuclear physics, and a standerdised solution was 
sought. Big science could afford to provide professional support teams to design and build interface electronics and the expertise and 


experience of these teams have ensured that the solution is tailored to the needs of the research scientist. 

The solution is called CAMAC. It has been commercially produced for some years now, it works and 1s available internationally ata 
reasonable price. More and more areas of research are turning to computer based systems and the existence of CAMAC ensures that 
the link between the computer and the experiment can be implemented painlessly. 

The following three articles, written by recognised experts in the field, mtroduce the CAMAC system. They illustrate what 
CAMAC is, why it is used and how it is used. We hope that this introduction will remove many of the problems often associated with 
the use of small computers and will ensure that progress in research will be able to take full advantage of progress in electronics. 

CAMAC specifications are now available as international and national standards. Further information and details of how to obtain 
documentation can be obtained from the following: 


Introduction to the 
interface standards 


Formally, the name ‘CAMAC denotes a set of 
standards for computer interface equipment. 
Informally it is applied to ‘CAMAC equip- 
ment’ which conforms to these standards and to 
‘CAMAC systems’ assembled from this 
equipment. The CAMAC standards were 
originally developed.to meet the needs of large- 
scale data acquisition systems for nuclear phy- 
sics research. There have been other large-scale 
applications in computer control of processes 
and plant m industry and leboratorics 

The following description of CAMAC is 
concerned mainly with the important but less 
spectacular field of application to small or 
medium computer-systems for automated 
control and data-sacquisition in a wide variety of 
laboratones. On-line systems involve connec- 
tions between the computer and various 
contro] and measuring devices. These may use 
analogue signals (voltage, frequency, tme, 
pulse-rate, and so on) or digttal signals The 
connection to the computer must use the partic- 
ular input-output interface standard adopted 
by the computer manufacturer. CAMAC offers 
a powerful and flexible means of matching the 
differing standards of the computer and the 
external devices. 

The basic principle of CAMAC (Fig. 1) an 
assembly of plug-in modular units, one of which 
13 connected to the computér and the others to 
various external devices and signals. The units 
are linked by a multi-wire highway (the 

CAMAC Dataway) which is an integral part 
of the chasdis housing the plug-ins. Each plug- 
in occupies a multiple of 1/25th of the width of 
the chassis (Fig. 2), and generally has front- 
panel connections’to external devices and 
signals, and rear connections to the Dataway 
highway. The Dataway carnes signals for digi- 
tal data and for control of data transfers, and 
also distributes power The specification 
dofines the mechanical dimensions of the plug- 
ins and their interface to the highway ın just 


H. MEYER 

ESONE/ECA Secretariat 

Commission des Communauté: Européennes, 
CCR-BCMN, 'B--2440 Geel, Belgium 


sufficient detail to ensure that any plug-in will 
fit into the chassis and communicate by the 
highway. It leaves complete freedom to design 
plug-ins with a wide variety of facilities and 
external interfaces, and to use appropnate 
materials, components and styling. A typical 
highway operation takes 1 ps to address a plug- 
in module and transfer to or from the computer 
a data word containing up to 24 bits. This 1$ 
faster than the sustained data rate of most 
computers, but slow enough to be technically 
conservative. 

The symmetrical name ‘CAMAC’ was 
chosen to symbolise this assumbly of plug-ms 
facing in one direction to the computer and the 
other to the external devices. The name is now 
usually assumed to stand for ‘computer 
automated measurement and control’, which is 
a good indication of the main areas of appli- 
cation. 

The CAMAC standards were developed by 
an international group representing users’ 
interests ın developing and applying laboratory 
instrumentation systems. The main stan- 
dards’~° and other subsidiary standards were 
published by the Commission of the European 
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Communities, and were Aiso published in iden- 
tical form in the US: They are now being re- 
sued by the International Electrotechnical 
Commission and by varicus national standards 
organisations. 

CAMAC 1s a standard that encourages 
manufacturers to produce compatible products 
which can then be assemHed into systems by or 
for the users. It has led to the commercial 
production of over 1,000 plug-ins, together 
with supporting products such as the chasas, by 
29 firms in many councries, often with the 
assistance and involvement of major users. 

The main strength of CAMAC lies in the 
many hundreds of different types of plug-ins 
that face outwards to the external devices and 
signals. The functional characteristics and 
external interfaces of these plug-ins are 
determined by the users’ needs and by market 
forces, rather than by the CAMAC 
specification They rang> from quite simple 
units in one module of writh through to highly 
complex units that may occupy two or more 
modules of width and may include a micro- 
processor. Some indication of the rich variety of 
these units can be seen from the following 
examples: 


@ General purpose unis to accept or deliver 
digital signals, typically following CAMAC 
recommended practice for front-panel inter- 
faces based on TTL circunt technology, and so 
suitable for use with the majonty of modem 
items of equipment. 

@ Units to accept or deliver spectalised 
signals, such as peak-sens ng analogue-to-digi- 
tal converters for the nuc-ear field. 

@ Units that are instruments in their own 
mght, such as digital vol-meters in CAMAC 
units. 

@ Units that communicate with external 
instruments, for example through parallel digi- 
tal interfaces or the Gen=ral Purpose Instru- 
ment Bus, 

@ Units that are connected by communi- 
cation links to penpherals such as teletypes or 
VDUs, or to a host computer. 
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Although each of these plug-ins is associated 
with a particular class of external device or 
signal it can be used with any computer. The 
basic the mechanical parts and 
Dataway interface can be shared by several 
repeats of the same function within the same 
plug-in. Thus there are single-width CAMAC 
plug-ins containing, for example, 12 counters, 
16 analogue-to-digital converters, or 8 digital- 
to-analogue converters 

A wide choice of plug-ins is also available for 
connecting CAMAC to the computer. Here 
four different strategies have been adopted, to 
cover varying requirements for the system 
configuration: (1) in small stand-alone systems 
the CAMAC plug-in can include a micro- 
processor; (2) in small systems with a separate 
computer, the CAMAC plug-in has an external 
interface to match the I/O standards of a par- 
ticular computer (Fig. 1). This arrangement is 
widely used, and plug-ins are available to match 
most popular minicomputers; (3) in larger 
compact systems not exposed to electrical 
interference the plug-in can be connected to the 
computer by a CAMAC parallel highway (Fig. 
3). This can serve seven CAMAC assemblies, 
and there are units to couple it to many popular 
computers; (4) in larger dispersed systems that 
are exposed to interference the plug-in can be 
connected to the computer by a CAMAC serial 
highway (Fig. 3), which can serve 62 CAMAC 
assemblies. 

Although some of these units couple 
CAMAC to one specific type of computer they 
can be used with any of the plug-ins that inter- 
face to external devices and signals. In typical 
configurations of CAMAC systems (Figs 1 and 
3) all the internal interfaces conform to 
CAMAC standards, and many of the external 
interfaces follow CAMAC recommendations. 

With falling costs of computers and memory, 
the computer program specific to a particular 
application has become a major part of the 
system cost, especially in ‘one off’ systems. In 
any On-line system the software must control 
input—output through the interface. In the case 
of CAMAC all I/O operations are controlled 
by unified commands which specify the plug-in 
module, a subsection of the plug-in (such as one 
of the 12 counters, 16 ADCs or 8 DACs 
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mentioned above) and the type of operation 
(such as reading to the computer or writing 
from the computer). As these commands are 
uniform for all plug-ins from all manufacturers 
this helps to simplify and rationalise the 
software. Several different recommendations 
for CAMAC I/O software have been pub- 
lished and implemented, to take advantage of 
the varying needs and skills of the users. First 
there are recommendations’ for macro- 
instructions for systems programmed in 
assembly language, an approach often adopted 
by larger users with appropriate staff. Then 
there are recommendations for sub-routines’, 
typically to take advantage of the FORTRAN 
programming experience of scientists. Third, 
there is an extended form of BASIC” which 
requires little previous experience of pro- 
gramming or CAMAC. Another derivative of 
BASIC is well established in the UK for testing 
CAMAC equipment and for small-scale 
systems. These four well-documented 
approaches to CAMAC software provide 
overlapping coverage of a wide range of situa- 
tions. 

As a multi-national standard that is not tied 
to any particular firm or type of computer 
CAMAC has the advantage of a multiplicity of 


Fig. 2 CAMAC chassis and plug-in units. 


-a 


y 


MI MOI NVITS__sVTR ICN AN 


k m 


4 PUAA OS | 
`\ AANANSS 





. 


-~ 
et 
OSE nil 


wet 


eae 


w 
h 
"i 
w 
IY 
th 
hed 
a 
je 


Io A 


P 
ROLE) 


Pek Hegde 


3 


Nature Vol. 275 26 October 1978 
suppliers, so that the availability of equipment 
for replacements and extensions is not subject 
to the commercial policy or survival of any one 
firm. The wide range of commercially available 


equipment makes it possible to assemble 
systems with the minimum of hardware 
development. At one extreme, the most 


frequently needed equipment is usually avail- 
able from several competing suppliers. At the 
other extreme, equipment to meet some spe- 
cialised requirement can often be found by 
searching the published worldwide guide of 
CAMAC products’. Software products are 
readily available, but generally on an informal 
or semi-commercial basis from large user 
organisations, 

CAMAC is not a standard that impedes 
progress—it deliberately allows freedom to 
exploit new technology such as improved 
integrated circuits and microprocessors, and to 
provide the facilities and configurations needed 
by the user. CAMAC is seen to have consider- 
able advantages in flexibility, versatility, 
generality and availability when compared with 
other established methods of interfacing, such 
as computer manufacturers’ interface equip- 
ment, specially designed equipment, and the 
General Purpose Instrument Bus used on many 
instruments. 


R. C. M. BARNES 


AERE Harwell, 


Oxon, UK 

1. ESONE, EUR 4100e (CEC, Luxemburg, 1972) 
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5. DOE/EV-0016 (Washington DC, 1978) 

6. ESONE/RTB/02 (CEC, Geel, Belgium, 1977) 


European CAMAC Ass. (CEC, Geel, Belgium, 1978) 


A worked example 
of system design 


Using the CAMAC standards as a basis for 
laboratory system design, provides practical 
benefits for the scientist who requires real-time 
computing power in his research. This can be 
illustrated by working through the design and 
implementation of a specific example. 

The particular requirement concerned a data 
acquisition system for a gamma camera, for a 
large hospital in Belgium. The primary function 
of the system was to interface to the camera 
which produces two analogue pulses that have 
to be amplitude analysed, and the resulting data 
transferred to a host processor 150m away. 
The processor's task was to generate full colour 
graphic displays of the collected data, and the 
design of the acquisition system permitted 
dynamic studies of the camera output to be 
made with far better time resolution than pre- 
viously possible. The overall system now gives 
the doctors not only an improved diagnostic 
capability on existing camera measurements, 
but also provides new diagnostic performance 
on dynamic studies, at the same time generating 
very significant savings in Operating costs over 
the present photographic methods of recording 
camera data. 

The acquisition system plays only a small, 
albeit crucial, role in the overall! system. It 
must therefore not only meet the specific 
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Contractors to H.M. Government 
Court Road, Maidenhead, Berks. 


ELECTRONICS Telephone: (0628) 25480 
Telex: 849462 Telfac 


CAMAC 


DATA PROCESSING — CONTROL — NUCLEAR — MEDICAL 
INDUSTRIAL — COMPUTER INTERFACING 


HYTEC ELECTRONICS are specialists in CAMAC INSTRUMENTATION. We offer a wide range of Camac Modules. 
Computer Interfacing and System Generation. We can supply Computer Pices and Operating Systems to suit your 
requirements, Standard or Special Modules. 

Camac Modules include: LSI-11 Interfaces, 12-13-16 Bit DACs, Pulse Generators, HP21 Interfaces, Scalers, Word 
Generators, LSI-11 Computers, Pre-set Counting Registers, Video Display Drivers, Floppy Disc Interfaces/Systems and 
Data Stores, Input/Output Registers, 16-32 Multiplexers, 12-13 Bit ADCs. 

To aid system completion and installation, we are generally able to supply other manufacturers’ Hardware and Software, 
whether Camac or otherwise. We combine our range of standard modules with a free consultancy service, which helps you 
gain access to the Camac World. This service is backed up by our ability to design and build special mocules and systems 
to your exact requirements. 

Operations Systems and Software include RT11, RSX11, Fortran, Basic RT Basic, Caty, Forth, Coral and Macro. In short 
you name your problem in instrumentation/control and we will gladly tell you how Camac and Hytec can help 

Please contact either Richard Tatham or Dave Pym. 








Circle No, 06 on Reader Enquiry Card 


VIDEO DATA 


A -QUISITI 
in CAMAC 


The MODULAR VIDEO SYSTEM APPROACH 
implemented in the International CAMAC 
Standard permits LeCroy’s new Series 8258 
Video Digitizing System to offer conveniently- 
expandable memory and instant interfacing to a 
variety of readout devices, and flexible signal 
conditioning and display options. 

The 8258 System digitizes at rates up to 20 MHz with 
256 level resolution. Data is stored in 128K memory 
modules and can be READ OUT via CAMAC at rates up to 
1 MHz/Word or DISPLAYED through an 8 MHz external port. 


Superior digitizer fidelity (30 MHz bandwidth, 25 psec aperture 
jitter) permits the extraction of accurate information about 
high frequency signal components 


For details and other questions, contact LeCroy/California or 30 MHz analog bandwidth makes the 8258 especially 











your local LeCroy Sales Office. useful for CCD CAMERAS as well as Vidicon inputs. 
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LeCroy Research Systems of California, Inc. 
1806 Embarcadero Road; Palo Alto, CA. 94303 
Phone: (415) 328-3750 TWX: 910-373-1791 
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Offices in: Spring Valley, New York; Geneva, Switzerland; Heidelberg, W. Germany; Paris, France; Wheatley, Oxford, England 
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LKB Ampholine PAGplate. 


Ready-made for electrofocusing of 48 samples in under 3 hours. 





Your time and samples are too valuable to lose with home-made gels for analytical electrofocusing. Use 
Ampholine PAGplates instead. 

Ampholine PAGplates bring you both convenience and speed. We make them under controlled conditions so that you get 
excellent reproducible separations of your valuable samples in every run. 

Use each PAGplate whole for analyzing up to 48 
samples simultaneously under identical conditions, 
or, for fewer samples, cut off the amount you need and 
store the rest until the next run 

Ampholine PAGplates come in four pH ranges: 

3.5 to 9.5 (LKB catalog no. 1804-101); 4.0 to 6.5 

(1804-102); 5.5 to 8.5 (1804-103); 4.0 to 5.0 

(1804-104). After use, fix and stain your PAGplates, 
dry them, and store for future reference. 

LKB offers the complete system for electrofocusing: 
Multiphor, LKB 2103 Power Supply, Ampholine® and 
Ampholine® PAGplates — your standards in electrofocusing. 
All supported by LKB Application Notes and Acta Ampholinas 
Literature Reference List. 

For more information write to LKB: the only complete source of 
expenence, knowledge and equipment for electrofocusing. 

LKB Produkter AB, S-161 25 Bromma, Sweden. 
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Fig. 1 Block ciagram of gamma camera date acquisition system. 


performance objectives, but must also be casy 
to use, maintain and develop as new require- 
ments emerge, whilst minimising costs and 
implementation time scales at all times. 

The starting point in the design of a system to 
meet this requirement was to base it on 
CAMAC equipment. In this specific case the 
decision proved to be readily justifiable, as the 
system was implemented almost entirely from 
standard CAMAC products. This was not 
possible with any other interface scheme. One 
other approach often considered is the design 
and construction of a special purpose system. 
Such an approach raises many fundamental 
questions of system structure, such as the size of 
the basic module, the power supply require- 
ments, the way in which each unit relates to the 
others and so on, none of which have direct 
relevance to implementing the actual system, 
but all of which can have a vital impact on the 
ease with which the system is commissioned, 
used and maintained, and its flexibility in 


coping with new requirements CAMAC pro- 
vides a rigorously defined system framework 
within which the designer is free to concentrate 
on solving the specific problems posed by the 
requirements, whibt at the same time building 
in flexibility into the basic design process. The 
special design approach was in fact ruled out by 
the hospital, as they neither had, nor wanted, 
the level of electronic expertise required to 
implement a custom-built system. The block 
diagram of the system is shown ın Fig. 1, and 
divides naturally into three parts; the camera 
interface, the computer interface, and the link 
between the two. The requirements for 
connecting to the camera were very particular 
to both the specific model of camera used, and 
the typea of measurements required from the 
system. However, moet of this unique 
requirement was met by a combination of cur- 
rently available CAMAC units. The special 
unit acts mainly as a mechanical interface for 
the cabling between the other un:ts. It contains 
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only about 20 integrated circuits that control 
the interconnections in -he manner required to 
achieve the overall inerface function. Note 
that units made by four different companies are 
used. The system designer is not restricted by 
the competence of any me supplier. Indeod ıt is 
not unusual! to find one CAMAC supplier with 
special competence ih analogue unit design, 
whist another specialises in the rather 
different, but equally complex discipline of 
computer interfaces to CAMAC. Total control 
of the camera interface s through the CAMAC 
Dataway, and so it can in princple be 
controlled by any CAMAC Dataway 
controller, from a micr>processor resident in 
the same assembly, to any of the system 
configurations the CA LAC standards have 
defined. 

The computer interfacs requirements for this 
system were more complex than for many 
laboratory systems, In scddition to the normal 
programmed I/O to cortrol the data acquis- 
tion, data transfers have to be at high speed, 
directly into the host computer’s store, and in 
either List mode (one word at a time trans- 
ferred into successive memory locations) or in 
Spectrum mode (the data word is used to 
address a memory locaticn, whose contents are 
automatically incremercted) Even so the 
system could be const-ucted entirely from 
available CAMAC units, and needed no special 
design effort. The benef can be more readily 
appreciated by the realisation that the unit 
design effort embodied in just this part of the 
system represents severa! man-years of work. 
Finally the standard CAM AC parallel highway, 
extended by readily avadeble extender units, 
was used to provide the required highspeed link 
over the 150 m ‘between the computer and the 
camera. For the majority ef the units selected in 
the whole design, the system designer had a 
choice of several different suppliers. For 
example, the Crate Controller could have been 
obtained from at least 10 other companies. 
Neither would the system design have been 
significantly affected had the host processor 
been one of a very substuntial range of other 
types, as most of the system is independent of 
the computer type, and suitable computer 
interfaces to the CAMAC parallel highway are 
available for many diferent models of 
computer That it was possible to meet this 
somewhat unusual system requirement using 
available CAMAC units, a good indication of 
the scope and range of CAMAC products that 
are now available to the srstem designer. 

The ‘acid test’ of any system structure is the 
ease, or otherwise, with which individual ele- 
ments designed to be compatible with the 
system can in practice be combined into a 
working system. Experience over the past eight 
years has shown the CAMAC standards to be 
soundly based, with the irtegration of indivi- 
dual units into a working system remarkably 
free of those ‘unexpected’ interactions that can 
often affect less completely specified structures 
In the case of the camera application this 
was demonstrated by the ease with which 
the various manufactu-ers’ units were 
incorporated. System commissioning was also 
greatly assisted by the availebility of system test 
and diagnostic equipment, and particularly by 
the availability of system te-t software for most 
of the indrvidual units. The only special test 
software required was a set cf short programs to 
establish that the system performed the overall 
functions correctly All of zhe diagnostic and 
test software is written in a nigh-lkevel BASIC- 
like language, enabling the wser to take advan- 
tage of these packages for system maintenance. 
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The lack of these support facilities can extend 
commissioning and fault-finding times very 
significantly. 

As a direct consequence of employing com- 
mercially available products, the documen- 
tation on the individual units ıs usually to a high 
standard. The system designer is left with the 
relatively straightforward task of describing the 
Interaction between these items, and the 
overall system functions. Good documentation, 
however, is essential if a system is to remain 
serviceable in medium term. It is not 
uncommon to equipment that has had to be 
scrapped once the onginator was no longer 
available to maintain it, because the documen- 
taton was never produced. Of course, prob- 
lems in system design do not end with the 
commissioning of the system, even assuming 
that it does fully meet the user’s requirements. 
The system has to be kept in service, and so case 
of maintenance can be an important system 
design consideration. Certainly this was true of 
the camere system, and the CAMAC approach 
addresses this problem in several ways For 
example, the structure is modular along 
functional lines. This simplifies the isolation of 
a fault to a particular unit, and allows first-line 
maintenance by unit replacement. The system- 
test software and hardware mentioned above 
also simplify this process. Faulty units can usu- 
” ally be returned to the supplier for rectification, 
. thus taking advantagé of their sophisticated 
automatic test equipment. As CAMAC 
equipment is often sold as individual products 
to system builders, items are often available 
either ‘off the shelf or on short delivery, and 
this can act as a valuable back-up to the normal 
system spares. 

Initial system design often makes little or no 
allowance for the further development of the 
system. With the CAMAC approach the flex- 
bility to cope with the needs for expansion and 
up-grading is built into the system structure. 
Since the Initial camera system was com- 
missioned, several additional requirements 
have been considered, that illustrate this point. 
The first is to connect the system to three other 
cameras over the next year or so. As the 
computer interface will support up to 49 
CAMAC chassis, there is in practical terms no 
physical limit to the number of cameras that 
could be connected. The second is possibly 
more interesting, in that it demonstrates how 
the CAMAC standards have managed to 
evolve apd anticipate new system require- 
ments. As more cameras are added, the host 
processor will not be able to cope with the 
instantaneous data rates being generated, and 
the intention is to add local processing to each 
camera interface to preprocess the data. The 
most recent CAMAC standard covers exactly 
this requirement, and microcomputers are 
already available that will go into the camera 
interface assembly and provide the required 

One final benefit that came from the use of 
CAMAC ın this system was the genuine assis- 
tance the hospital staff were able to get from the 
CAMAC user community in Belgium, in terms 
of providing basic training and familiarity with 
CAMAC, 


I thank Professor C. Beckers and M. Steels of 
the Department of Nuclear Medicine, of the 
Hospital UCL-St Luc, for presenting this 
interesting problem for us to solve and the 
directors of GEC-Elliott Process Automation 
Limited for permussion to publish this article. 

D. M. DRURY 
GEC-EHiott Process Automation Ltd, 
Lexester, UK 


CAMAC 
applications in 
biological systems 


The application of CAMAC to biology has 
been given an impetus in recent years by the 
increasing use of large scale experimental facil- 
ities producing neutron or photon probes. Data 
rates may be high and to make the best use of 
these facilities it becomes of paramount 
importance that experiments should be highly 
automated 

From the point of view of such laboratories 
CAMAC provides a very good solution to 
several requirements. The systems must be 
flexible as they may be required to adjust to 
new experiments every few days so that the 
hardware must clearly be modular. It must also 
be largely available commercially because, 
though there will always be special units that 
must be designed ‘in-house’, the total quantity 
of units required will usually exceed the local 
design and production capacity of the labora- 
tory. Maintenance problems are simplified as is 
software implementation as the use of a stan- 
dard forms a well understood bndge between 
the programmer or maintenance engineer and 
the application. 

These are general points that apply to 
systems outside biology as well as within it. 
Furthermore, though they may seem to be less 
pressing, these considerations anse also for the 
individual experimenter implementing a 
system at his home laboratory. 

Several laboratories are using CAMAC to 
support experiments in biology. At the high flux 
neutron reactor of the Institut Laue Langevin 
(ILL) at Grenoble CAMAC output registers 
are in use for positioning stepper and servo 
motors on diffractometers and mono- 
chromators. Small Angle Scattering (SAS) 
cameras at ILL use incrementing CAMAC 
memories to interface 2-D detectors with up to 
128 x 128 cells. 

The European Molecular Biology Labora- 
tory (EMBL) is standardising the use of 
CAMAC and it 1s in use at the main centre at 
Heidelberg and their outstations at the electron 
synchrotron DESY at Hamburg and the ILL. 
Among its prosent and planned uses are for 
experiments on fly flight dynamics, EXAFS 
(extended X-ray absorption fine structure) 
experiments, centrifuges, stepper motors and 
polar coordinate X-ray detectors. Three film 
scanners are interfaced by CAMAC to two 
Nord-10 computers and a PDP-11/45 and two 
film writers to Nord-10s. At the DESY outsta- 
tion the CAMAC serial highway is used to 
connect two expermmental areas separated by 
some 300 m. 

On the electron synchrotron NINA (now 
closed) at Daresbury, monochromators were 
also positioned by CAMAC stepper motor 
drivers and monitored by shaft encoders. 
Incremental encoders were interfaced by 
CAMAC up-down .binary counters and 
absolute encoders by input registers. CAMAC 
24-bit pre-set scalars were used to record data 
from 1on chambers on EXAFS experiments. 
An electron storage ring, known as the SRS, is 
being constructed at Daresbury as a dedicated 
source of synchrotron radiation, and it is due to 
become operational in Spring 1980. The data 
acquisition system will use CAMAC (as does 
the control system). Among the instruments 
planned for the SRS are multiple solid-state 
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detectors. They are being made for energy- 
SAS experiments and high rates 


(100K counts s7') are desired from each detec- 


tor. It uw intended that incrementing CAMAC 


_ memory be used for the data accumulation. 


The MRC (Medical Research Council) at 
Cambridge is developing an experiment using 
CAMAC to study the dynamic response of 
muscle to a stimulus. The magnitude of 
intensity peaks on a linear position sensitive 
detector will be studied over the 200 ms or so 
duration of a twitch with the aid of 100 buffered 
scalers. The scaler buffer registers will be read 
out every millisecond into a 32K word 
CAMAC memory while counting proceeds. To 
achieve the required high rate of transfers on 
the CAMAC dataway a sumple auxiliary crate 
controller will be used to transfer data from the 
scalers to the memory. 

We hope that these few examples have 
shown that the same units, stepper motor 
drivers, memories and scalers, for instance, are 
relevant to several different experiments. Note 


_ too that in CAMAC these units are computer 


independent it is apparent that an experimenter 
wishing to set up a new instrument or expen- 
ment will find that most if not all of the inter- 
facing problems are already solved. As more 
systems are implemented in CAMAC the 
number of shareable and transportable solu- 
tions to problems in experimental biology will 
continue to grow. Daresbury intends to 
encourage this by loaning CAMAC systems to 
prospective users of the SRS. They may then 
develop instruments and experiments in 
advance of bringing them to- the SRS and es- 
tablish systems at their home laboratories 
which are compatible with those at the SRS. 

To complement the case with which 
CAMAC systems may be configured it is highly 
desirable to provide software that may be as 
easily written. CAMAC assists here too as the 
use of standard hardware promotes standard 
hardware-handling facilities the in software. 
Several different approaches to this have been 
adopted. At Daresbury a version of BASIC has 
been with extensions to dnve 
CAMAC efficiently. This will make it possible 
for the biologist himself to write the programs 
to control his experment The extended 
BASIC compiler, called CATY, w also in use at 
EMBL, DESY enabling the two laboratories to 
share programs. This has happened in the case 
of EXAFS experiments even though different 
computers are in use. 

As CAMAC finds application in the major 
facilities, techniques and equipment will evolve 
that match the many new applications in the 
area of biological science. This will lead to the 
availability of equipment that will be relevant 
also to the small biology laboratory and the 
scientist will be able to take advantage of the 
application of computing and modular elec- 
tronics. This should enable scientists to use data 
acquisition and experiment control systems 
employing mini and micro computers in the 
study of biology without having to devote a 
significant proportion of their time to problems 
of electronics. 

We thank Drs P. N. Clout of EMBL, R. 
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in collaboratron with the of the European Communitecs.) Pp. xvib + 164. 
ISBN-0-06-022992-1 (Oxford and New York Pross., 1978.) £10, 
HAKIM. pri and SOLIMANO, Sid t, Reform and 
nutrrton:in Chie. Pp.§8. ISBN-0-262-19172-5 (The MIT Press Cambrodge, 


1978 } 
HOGG. John A . and STUCKI, Jacob C. (edited by) Patterns for 


from 
the Sciences to, Medicine. (A $ heid on the occasson of the tlon 
oP Upjohn's new Center in Kelamazoo, Michigan, 
on October 17- 719, Lt ey opment, Center in K (Kalamazoo, Michigan: 
The Upjohn Company, ! lop. 
IN Loft Canada- Reflections on Scwnce and Poltucs. 
Translated by. H Tafa Yia with Introduction and Notes by cn ee 
mi+212 ISBN-0-7735-0272-6. (Montreal: aii London. M Nana 


JOH J le SOENOUILLE, M. u Deng and 
J N.J.A a 
Second edinon Pp ISBN-0 85364 202-9. pern don and High Wyo: 
Charies Gnfhn and Co . Ltd., 1977.3} £12 net 
KNIGHT. David M The Transcendental Part of vu -+ 289. 
ISBN-0-7 1129-08234 (Folkstone, Kent’ Wm Da ani and Sòn, a ) £12 
, LENIHAN, John, and FLETCHER, Willam W, Moasunng and Mon 
the Environment (Environment and „Man. Yol 1), xmu+(31. ISBN-O-21 
90134-0. (Glasgow and London Blacks and Son, Ltd., } ) Cased £8, £4, 
MAEDER. Andre. MARTINET., Louss. and TAMMANN, Gunay {eds 
Observational Cosmol By J E. Gunn, M $ Longer and M J Roos. 
Advanced Course, S = Society of A HrOpOmy end ATORI) EDA , (Sauverny, 


SMMUNEY, D. Land WATSON, A. H. Ros 
lei D. L, acd WA N, A. oad Passenger Tri + Road 
upon oe enews of United Kingdom Statistycal Sources, V PUTRE wane 
isa 449-0 (Oxford and New York. Porgarnon Press, 1978. for 
The Royal Statistica! Socety.and the Social Soence Research Council) 
PASSMORE. John, Screnco and its Cotes Pp.vic +102 ISBN-0-7156-1326-X. 
(Duckworth. London, 1978.) 
PEARCE, Peter. Structure in 
ISBN-O-262- 160641. (Camon 
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announcements 





AWARDS 


The Columbia University’s 1978 Louisa 
Gross Horwitz Prize has been awarded 
to David H. Hubel and Torsten N. 
Wiesel (Harvard University), and 
Vernon B. Mountcastle (The Johns 
Hopkins University), who will share the 
award ($25,000) equally for their 
contributions to our understanding of 
the brain. 


The Institute of Food Science and 
Technology has awarded the Mounfield 
Prizes to S. R. Tomlinson (National 
College of Food Technology) and Dut 
Fan Chung (Polytechnic of the South 
Bank). ` 


A limited number of Research Fund 
grants, each of £200, will be awarded 
by the Chemical Society for the year 
1979. Application forms, together with 
the. regulations governing the Fund, 
may be obtained from Dr Malcolm D. 
Robinson, The Chemical Society, 
Burlington House, London W1, UK 
The closing date for applications ts 
1 November 1978. 


The Fifth Marconi International Fel- 
lowship Award will be given to a person 
who has made outstanding advances in 
satellite and space technologies relevant 
to improving world communications, 
according to Walter Orr Roberts, Fel- 
lowship Secretary. Nominations should 
be submitted before 15 November, 


1978, to the Marconi International 
Fellowship, Aspen Institute, 1919 14th 
Street, No. 811, Boulder, Colorado 
80302. 

MEETINGS 


4 December, Prospects for Power from 
Ocean Waves, Edinburgh (Executive 
Secretary, The Royal Society of Edin- 
burgh, 22 & 24 George Street, Edin- 
burgh, UK). 


5 December, Vibrational Spectro- 
scopy in Inorganic Chemistry, London 
(Stanley Langer, The Chemical Society, 
Burlington House, Piccadilly, London 
W1, UK) 


The previous list of meetings was 
October, 


in Nature of 19 
679. 


page 





6-7 December, The Evolution of Adap- 
tation by Natural Selection, London 
(Executive Secretary, The Royal 
Society, 6 Carlton Terrace, London 
SWI, UK). 


9 December, Tay Estuary Symposium, 
Dundee (Dr J McManus, Department 
of Geology, The University, Dundee, 
UK). 


12-13 December, The Middle Atmos- 
phere as observed from Balloons, 
Rockets and Satellites, London (Execu- 
tive Secretary, The Royal Society, 
6 Carlton House Terrace, London SWI, 
UK). 


9—-11 April 1978,, Metal Ion Transport 
and Storage, Sheffiefd (Professor P. M 
Harrison, Department of Biochemistry, 
University of Sheffield, Sheffield, 
Yorks, UK). 


17-21 April, Special FEBS Meeting on 
Enzymes, Dubrovnik (Secretariat: 
Laboratory of Biochemistry, Techno- 
logical Faculty, Pierottijeva, 6/VI, 
YU-41000 Zagreb, Yugoslavia) 


20-21 April, Recent Advances in the 
Study of British Flora, Manchester 
(Miss L. Shore, Department of Botany, 
The University, Manchester, UK). 


28 April2 May, 8ist Meeting of the 
American Ceramic Society, Cincinatti 
(R. L. Berger, 3211 Civil Engineering 
Building, University of Illinois, 
Urbana, Illinois 61801). 


7-9 May, The Role of Peptides in 
Neuronal Function, Bethesda (Dr 
Barker, Building 36, Room 2C02, NIH, 
9000 Rockville Pike, Bethesda, Mary- 
land 20014). 


20-21 June; New Hortzons in Indus- 
trial Microbiology, London (Execu- 
tive Secretary, The Royal Society, 6 
Carlton House Terrace, London SWI, 
UK). 


27-31 August, The Role of Water In 
Urban Ecology, Amsterdam (K C 
Plaxton, PO Box 330, Amsterdam, The 
Netherlands). 


2-7 September, 7th International Meet- 
ing of the International Society for 
Neurochemistry, Jerusalem (Marco 
Trabucchi, Ente Universitario Lom- 
bardia Orientale, Istituto di Farma- 
cologia e Terapia, Via Valsabbina, 19, 
25100 Brescia, Italy). 


3-5 September, Erosion by Liquid and 
Solid Impact, Cambridge (Sth Inter- 
national Conference on Erosion by 
Liquid and Solid Impact, Cavendish 
Laboratory, Madingley Road, Cam- 
bridge, UK). 


3-6 September, EMAG 79, Sussex (The 
Meetings Officer, The Institute of 
Physics, 47 Belgrave Square, London 
SW1, UK). 


3~7 September, Irsect Neurobiology 
and Pesticide Action, York (The 
Society of Chemica! Industry, 14 Bel- 
grave Square, London SW1, UK). 


5-9 September, 15th International Con- 
gress of Therapeutics, Brussels (Secre- 
tariat of the Congress, Department of 
Cardiology, Hopizal Universitaire 
Saint-Pierre, rue Haute 322, 1000 
Brussels, Belgium). 


10-13 September, Ist International 
Symposium on Newroactive drugs in 
Endocrinology, Mian (Eugenio E. 
Muller, Department of Pharmacology, 
University of Milan, 32 Via Vanvitelli, 
20129 Milan, Italy) 


12-13 September, How will tomorrow’s 
microprocessor based process instru- 
mentation communicate? London (Miss 
Audrey Mills, Sira Institute Ltd, South 
Hill, Chislehurst, Keat, UK). 


16-21 September, 4*h Conference on 
Photographic Gelatia, Oxford (H. A. 
Adam, Processing Technology Labora- 
tory, Kodak Ltd, Headstone Drive, 
Harrow, Middlesex, UK). 


17-20 September, 2nd International 
Reindeer/Caribou Srmposium, Røros 
(E. Remmers, Institut» of Zoofysiology, 
University of Oslo, Box 1051 Blindern, 
Oslo 3, Norway). 


17-21 September, 7th International 
Congress of Pathology, Valencia (Pro- 
fessor A. Llombart-Bosch, Department 
of Pathology, Medica School, Valencia 
Apartado 2045, Spain) 


19-21: September, 4th National Quan 
tum Electronics Conference, Edinburgh 
(Dr B. S Wherrett, Physics Depart- 
ment, Heriot-Watt ‘University, Edin- 
burgh, UK). 


25-27 September, Organisation of 
Macromolecules in the Condensed 
Phase, Cambridge (Mfrs Y. A. Fish, 
Faraday Division, The Chemical 
Society, Burlington House, London 
WI, UR). 
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Reports & Publications 
UK & lreland—March 


University of Bristol; Department of Agriculture 
and Horticulture. Lone Ashton Research Station, The 
National Fruit and Cider Institute—Report 1977. 
Pp.xvi + 243. (Long Ashton, Bristol: Long Ashton 
Research Station, University of Bristol, 1978.) £2.50. 

[610 

University College London. Calendar, 1978-1979, 

Pp.238. (London: University College London, 1978.) 
[910 

Social Science Research Council. Research Sup- 
ported by the Social Science Research Council 1978 
Pp.vi+ 440. (London: Social Science Research Council, 
| Temple Avenue, EC 4, 1978,) {1010 

The Nuffield Foundation. Report for the year 1977 
Pp,.113. (London; The Nuffield Foundation, Nuffield 
Lodge, Regent's Park, NW I. 1978.) [1010 

Open Earth, No. 1. October 1978. Edited by Dr. 
Peter J. Smith, Published quarterly. Pp.1-52. (Hanslope. 
Milton Keynes: Open Earth, 32 St. James Close, 1978 
Subscription rates available from above address.) [1010 

Liquid Fuel from Coal. (A National Coal Board 
Report prepared by Planning. Assessment and De- 
velopment Branch of the Coal Research Establishment. 
with Operational Research Executive.) Pp.70. (London 
National Coal Board, Hobart House, Grosvenor 
Place, SW1, 1978.) £7.50. [1010 

Employment and Training in the Motor Vehicle 
Industry. By Peter Brayshaw and Jane Cook. (EITB 
Reference Paper.) Pp.ll6. (Watford: Engineering 
Industry Training Board, 54 Clarendon Road, ii 

1010 

Tropical Products Institute Seminar on Post- 
Harvest Grain Losses. Edited by Mrs. S. P. D. Stokes. 
(Tropical Stores Products Information, No. 36.) 
Pp.xvii+72. (Slough: Tropical Stores Products 
Centre, Tropical Products Institute, London Road, 
1978.) £1.60, (1610 

British Standards Institution, Annual Report, 1977 
to 1978. Pp.16. (London: British Standards Institution, 
2 Park Street, WI, 1978.) {1610 

Food, Health and Farming: Reports of Panels on 
the Implications for UK Agriculture. Edited by 
C. J. Robbins. (CAS Paper No. 7.) Pp.t 19. (Reading: 
Centre for Agricultural Strategy, University of Reading. 
2 Earley Gate, 1978.) {1810 

Scottish Marine Biological Association. Annual 
Report for the year ending 3ist March 1978. Pp.d9, 
(Oban, Argyll: Scottish Marine Biological Association, 
Dunstaffnage Marine Research Laboratory, 978 o 


University of Oxford. Oration by the Vice-Chancellor 
and Annual Report, 1977-1978. Pp.89-111. (Oxford 
The University, 1978.) 20p, [isto 

British Nutrition Foundation, Annual Report. 
1977-1978. Pp.24, (London: British Nutrition Founda- 
tion. 15 Belgrave Square, SWI, 1978.) [1910 


Other countries—March 


Proceedings of the Nutrition Society of Australa. 
Vol. 3; Third Annual Conference, Adelaide, South 
Australia, August, 1978, Pp. (Blacktown, N.S.W.: 
Secretary, Nutrition Society of Australia, CSIRO, 
Division of Animal Production, PO Box 239, 1978.) 
A $S, [510 

United States Department of the Interior: Geological 
Survey. Water-Supply Paper 2046: Calibration of a 
Mathematical Model of the Antelope Valley Ground- 
Water Basin. California. By Timothy J. Durbin, 
Pp.v +51- 13 plates (Washington, DC: US Govern- 
ment Printing Office. 1978.) [S10 

Académie Royale de Belzique, Mémoires de la 
Classe des Sciences. Collection in-8—2° Séric. T 
XLII, Fase. 1: Nouvelles Recherches sur les Mani- 
festations Vibrationnelles des Interactions entre 
Molécules ou Groupes d’Atomes dans les Solides. Par 
M. J. Pottier. Pp.74. T. XLIII Fasc. 2: Contribution 
ål Etude du Transport Electrique duns les Alliages de 
Métaux de Transition et de Mètaux Nobles a Forte 
Teneur, Par Michel Brauwers. Pp.112. (Bruxelles 
Académic Royale de Belgique, 1978.) [910 

Bulletin of the American Museum of Natural 
History. Vol, 161, Article 1: Type Speciments of Birds 
in the American Muscum of Natural History. Part 2 
By James V. Greenway, Jr. Pp.1-306. (New York 
American Museum of Nutural History, 1978.) $20.45 

[910 

Fisheries and Environment Canada: Fisheries and 
Marine Service. Technical Report No. 785: Physical 
Characteristics of Atlantic Salmon Spawning Gravel in 
some New Brunswick Streams. By R., H. Peterson 


Pp.iv + 28. (St. Andrews, N.B.: Biological Station, 
1978.) [12310 
National Research Council Canada. Associate 


Committee on Scientific Criteria for Environmental 
Quality. NRCC No, 16079: Ecotoxicology of Chlor- 
pyritos. By W. K. Marshall and J. R. Roberts. Pp.314. 
(Otawa: National Research Council Canada, 1978.) $2. 
[1210 

Geological Survey of Canada. Bulletin 266; Car- 
boniferous Biostratigraphy and Correlation, North- 
eastern British Columbia and Southeastern District of 
Mackenzie. By E. W. Bamber and B. L. Mamet, 
Pp.65 (6 plates). Bulletin 267: Contributions to Cana- 


This 
Publication 


is Available in 
MICROFORM 


FOR INFORMATION, 
WRITE: 
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dian Paleontology (five papers). By B. S. Norford, 
ef al. Pp.75 (14 plates). $§.10. Bulletin 276: Strati- 
graphy and Correlation of Lower Paleozoic Forma- 
tions, Subsurface of Cornwallis. Devon, Somerset. 
und Russell Islands, Canadian Arctic Archipelago. By 
Ulrich Mayr. Pp.S5. $6. Bulletin 302: Devonian 
Stratigraphy, West-Central Ellesmere Island, Arctic 
Archipelago. By H. P. Trettin. Pp.119. $6. (Ottawa: 
Geological Survey of Canada, 1978.) {1210 

Nauonal Research Council Canada. Associate 
Committee on Screntific Critema for Environmental 
Quality. NRCC No. 15391: Effects of Arsenic in the 
Canadian Environment. Pp.349. (Ottawa: National 
Research Council Canada, 1978.) $2. {1310 

New Zealand: Department of Health, Environmental 


Radioactivity Annual Report, 1977, Pp.12. (Christ- 
church: National Radiation Laboratory, PO Box 
25-099, 1978.) [1310 


Studia Forestalia Suecica, Nr. 145; Ultrastructural 
Studies of Resistance Mechanisms in Pinus sylvestris 
L. Against Melampsora pinitorqua (Braun) Rostr. 
(Pine Twisting Rust), By Alena Jonsson, Monica 
Holmvall and Björn Walles. Pp.28. (Uppsala, Sweden: 
The Swedish University of Agricultural Sciences, 
College of Forestry, 1978.) [1710 

Australia: Commonwealth Scentufic and Industrial 


Research Organization, Division of Mechanical 
Enyincering—Report on Research 1975-77. Pp.80. 
(Melbourne: CSIRO, 1978.) {1710 


United States Department of the Interior: Geolo- 
gical Survey, Water-Supply Paper 2047: Geology and 
Ground Water in Door County, Wisconsin, with 
Emphasis on Contamination Potential in the Silurian 


Dolomite. By M. G. Sherrill. Pp.v+38+ 5 plates. 
Professional Paper 950: “Nature to be Com- 
manded. ..” Earth-Science Maps Applied to Land and 


Water Management. By G. D. Robinson and Andrew 
M. Spicker. Pp.95. (Washington. DC.; US Govern- 
ment Printing Office, 1978.) [1710 

United States Department of the Interior: Geo- 
logical Survey. Bulletin 1443. Feasibility and Cost of 
Using a Computer to Prepare Landslide Susceptibility 
Maps of the San Francisco Bay Region, California. 
By Evelyn B. Newman, Arthur R. Paradis and Earl E, 
Brabb. Pp. + 37+ | plate. Professional Paper 813-M:; 
Summary Appraisals of the Nation's Ground-Water 
Resources—Hawati Region. By K. J. Takasaki. 
Pp.iv +29. (Washington, DC US Government 
Printing Office. 1978.) (1810 

Principles and Methods for Evaluating the Toxicity 
of Chemicals, Part |. (Environmental Health Criteria, 
6). Pp.272. Published under the joint sponsorship of 
the United Nations Environment Programme and the 
World Health Organization. (Geneva: WHO; London: 
HMSO, 1978.) Sw.tr,28; $15.40. [1910 
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NIVERSITY OF RHODESIA 
DEPARTMENT OF 
CROP SCIENCE ` 
eplicatsons are invited for the post of 
SENIOR LECTURER/ 
LECTURER IN PLANT 


REEDING AND GENETICS 


Preference will be given to appblcants 
ith relevant postgraduate quaizfiica- 
yis ami experience The appointes 
d be required to undertake research 
the breeding of more productive 
ies in such crop species as ground 
ans, sweet potatoes and other food 
ops which are cultivated mainly by 
baistence farmers and farmen im 
o developing agricultural sector. 
as appointee will be required to 
us with teaching in Genetics and 
ant Breeding courses in the B Se 
qreculture with honours degree and 
agist in the supervision. of research 
udents reading for 
Ths post wil be 
ital period of threo years It us 
ped that the successful applicant 
ill take up the appointment in March 
179 


Salary Scales (approx stg cquiv.): 
mior Lecturer, £7,544 by 292 to 
{423 by 310 to £9,973, Lecturer 
cade I, £6,843 by 257 to £7,871; 
scturer Grade Il, £4,224 by 222 to 
334 by 257 to £6, 61 

Applications: (6 copies) giving full 
Tonal particulars (including full 
umes, place and date of birth, etc), 
slifications, experience and publica- 


aiversity of Rhodesia, PO Box 
P 167, Mount Pleasant, Salisbury, 
thodesta, from whom further particu- 
3 may be obtained 
Overseas applicants should send a 
ll co of ther aplkations to the 
n of Commonwealth Uni- 
Grp ) 36 Gordon Square, 
Bka IH OPF, from whom 
rther partıculars may also be 
tainod 
British subjects considering applying 


nsult the Foreign and Common- 

talth Office (telephone 233 4143) or 

cir nearest Bntish Consular Office 
8 182(A) 


HE MEDICAL COLLEGE OF 
ST BARTHOLOMEW’S 


HOSPITAL 
DEPARTMENT OF 
EXPERIMENTAL PATHOLOGY 


Research Agsrtant required to work 
basic research mto inflammatron 
d rheumatology for 2 two year 
riod, with a possubiliy of working 
wards a higher de Salary Scale 
384 to £4,882 plus £450 London 
dlowance Further particulars may be 
tained from Professor D A 
illoughby Applications should be 
uf to The Secretary, The Medical 
lege of St Bartholomew's Hospital. 
est Smithfield. London ECIA 7BE 
oting reference 806 BOS ICA) 





CHANGE OF ADDRES 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 


(University of London) 
Applications are invited for the post 


f 
° LECTURER 


in tbe PHYSIOLOGY DEPARTMENT 
from January |, 1979 or as soon after 
as ble Salary on scalo £3,909 to 
£7,754 plus £450 London Allowance 
Further pertsculars from the Secretary 
of the School, 8 Hunter Street, London 
WCIN IBP, to whom applications (mx 
copies, Including names of two referees) 
should be sent not later than Novcem- 
ber 18, 1978. BI2K%KA) 


THE UNIVERSITY OF 


MANCHESTER 
DEPARTMENT OF CHEMISTRY 


Applications ar: invited as soon as 
possible for an SRC _ Postdoctoral 
Fellow to study the kuttes and 
mechaosams of the reactions of 
electronic defecia (‘colour centresa’’) in 
umple ionic solids such as alkal 
halides, using the technique of pulse 
radolysa. The project m a continua- 
uon of on-going reasearch in ths aren 
being supervised Ds G W A 
Newton and Y. J obinson. Research 
experience in the goud state or in 
pulse radiolyam would be an advantage 
Initial not leas than £3,883 pa 
Superannuable. The post s for one 
year in the first instance with the 
poastbilny of renewal for a further 
yoar Applications, inclading a 
curmculum vitae and the names of two 
referees should be sent to Dr VJ 
Robinson, Chemstry Department, The 
University, Manchester M13 9PL 
(from whom further details may be 
obtained) BIJO(A) 


UNIVERSITY OF 


ABERDEEN 
DEPARTMENT OF FORESTRY 


RESEARCH ASSISTANT 
IN FOREST ECOLOGY 


Applrcations aro invited for the 
above post The successful applicant 
wil work on a project to devise 
options for managing parts of certatn 
native pinewood, of Scotland such 
that they may be conserved as Im- 
portant naturel ecosystems yet yield 


Sustained amounts of timber The 
sponsor is Nature Conservancy 
Council Qualifications degree m 


Forestry, Biology, Ecology. Botany or 
Zoology Pronecrpal investigator Pro- 
fessor J. D Matthews. 

Salary on scale 1B £3.384 to £4,882 
per annum Duration 21 months from 
November 1978 

Further perticulars from The Secre- 
tery. The University, Aberdeen, with 
whom appleations (2 copies) should 
be lodged by November 17. 1978 

: S1O8(A)} 





ANGLO-AUSTRALIAN OBSERVATORY 
RESEARCH ASTRONOMERS 


The Anglo-Australian observatory compr ses the 3.8 
metre telescope near Coonabarabran, N S.W. anda 
laboratory at Epping near Sydney, Australia. There is a 
scientific staff of 6 astronomers, 3 of whom are nominated 
by Australia and 3 by the U K The 3 Austrelian and 1 of the 
U.K. positions become vacant between 1 July, 1979 and 
1 January, 1980. 


Candidates should have strong backgrounds in some 
branch of Physics or Astrophysics, including theory. 
Appointments will be fixed terms of 1 to 5 ~ears, with 
salanss in the range $A14,829 to $A29,35€ per year 
(Subject to review in 1979) plus other allowances, fares etc 


Applications should Include: 

. Age, citizenship, country of residence ani mantal status. 
Qualrfications and expenence, including date of Ph D. 

. Astronomical research projects for whicF telescope time 
will be sought (sufficient information ts ssquired to show 


that the proposals would be competitive łn applications 
to the panel for the allocation of telescope time. 


Any instrument development project in which the 
applicant is particularly interested. 
When applicant would be available 
Length of appointment envisaged 
. Names and addresses of three referees. 


Applicants should arrange for the th-ee references 
to be sent directly to the Secretary by the closing 
date of 5th January, 1979. 


Applications should reach the Secretary, Anglo- 
Australian Telescope Board at elther Dapartment of 
Sclence, P.O. Box 449, Woden, A.C.T. 2606, Australla 
or Sclence Research Council, P.O. Box18, Swindon 
SN2 1ET, United Kingdom. 8142(A) 





SHEFFIELD SOUTHERN HEALTH DISTRICT 
(TEACHING) 


DEPARTMENT OF BACTERIOLOGY 
A vacancy exis in the Group Department o` Bactertol 
at the ga Infirmary, The Jessop Hospital for Fomen and 


Hospital 
A NON-MEDICAL BACTERIGLOGIST 


Basic Grade or Probation=r 


Applicants should possess a ist or 2nd class Honours Degree in 
Biological Sciences and should bave spent pert, preferably the major part, 
of their course in Microbiology 

Whitley Counci! Conditions of Servioe > apply. 

Peerless Scale. £3,486 to £4275 per annum for new entrants to the Health 
rvice. 

Visita welcomed, by appointment with Mr J M Hindmarch, Principal 
Non-Medical Bacteriologist, Royal Infirmary, Shedfleld S6 IDA (Tele 
phone 0742-20977, ext 326) 

Applications stating age, qualifications and expermnce naming 2 referecs 
to the Diret Personnel Officer, District Personae! Office, Floor ‘B’, 
Hallamshire Hospital. Glossop Road, ShefMeid S10 2JF. SITKA) 








The Advertisement offices for NATURE have moved to 


3 DYERS BUILDINGS, LONDON, ECIN 2NR 


TELEPHONE : 01 831-6901 
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Australlan Telecommunications Commission 


Materials Analyst | - 











($A19, 657-20, 867°) 


Telecom Australla Invites appllcatlons from men and women for appoint- 
ment to the above position In Its Research Department located at Head- 
quarters In Clayton, Melbourne, Victorla. 
The successful applicant will be required to plan, supervise and participate 
In advanced chemical research and investigation Into materials and 
develop methods for thelr application within Telecom Australla. The duties 
include development and application of complex analytical equipment and 
advanced methodology utilising Scanning Electron Microscopy (SEM), 
Secondary lon Mass Spectrometry (SIMS), emission absorption. and 


thermal analysis. 


` 


Qualifications 


+ 


t 


A tertlary degree or diploma in an appropriate physical sclence together 
with extensive research and administrative experlence and leadership 


ability. 


Conditions of Employment 


will be similar to those In the Australian Public Service. 
*At present rate of exchange £1 =$A1.70. 


Interviews 


It Is anticipated that a senior Sclentist of Telecom, Australia will be In 
London on or about 27/28 November to Interview suitable applicants. 

Please send a full, curriculum vitae together with day-time telephone 
number on which you can be contacted to: Recrurtment Officer, Public 
Service Board, Australia House, Strand, London WC2B 4LA to arrive by 


the 10th November. 


LINCOLN COLLEGE 
New Zealand 
CHAIR IN ENTOMOLOGY 


r (Agricultural Zoology) 


The Council of Lincoln Colleges, 
University College of Agrulture, 
invites applicatsons for the Chair in 
Entomology, resulting from the ım- 

retiremont Profesor R. A 


a 
Applicants should hoki an advanced 
degree in Science or Agreultural 
Scienco and have an established 
record of research and/or teaching in 
some branch of agricultural zoology 
The succomful ot Silo will be 
wited as Head Department and 
be responnble to the College 
Prncipel for the sdmmstration of his 


De 
will bo made 


6 appointment R 
within tbe coxusting pro- 

NZ#23,012 to 
NZS$29,188 per annum, the comment- 


fesniorial salaries, 

ing being determmed by the 
College uncal 

Expenses of appointment reimbursed 
up to specarfied its New Zealand 
Governm 


ent Superannuation is avail- 


abla. 
Further details amd 


general Con- 
ditions of A intmont are obtainable 
from the ary General, AmO 


ciation of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, or from the Registrar of 
the Unrveralty 

Appheations close on January 15, 
1979 OSHA) 


CHANGE OF ADDRES 


a s 





`s Ff 


a BIT6(A) 


UNIVERSITY OF SURREY UNIVERSITY OF ZAMBIA 


RESEARCH OFFICER— 


CARBON FIBRES 
DEPARTMENT OF 


f Applications are mvited for the 
following posts in the 
SCHOOL OF MINES 


(a) CHIEF TECHNICIAN 


METALLURGY AND MATERIALS IN METALLURGY DEPARTMENT 


TECHNOLOGY 
A post has become vacant in our 
Fibres and Composite Materials 


for work on an 
the surface charac- 
modulus carbon 


Research Group 
ulvestigation of 
termation of high 
fibres 

The principal method of investiga- 
tron will þe, thermal desorption of 
surface active groups and their qualita- 
tive sdentification and estimation by 
mass spectrometry The work will be 
supervised by Dr W Watt, FRS, 
and carried opt in collaboration with 
Matenmals Department, Royal Aircraft 
Esxabluhment 

The post will be mutable for æ 
graduate physical chemist or physicist 
with interests in surfaces and solid 
state. 

Preference will be gven to cand: 
dates with a lively interest in practical 
work and an imaginative approach to 


_ interpretation 


The appointment will be for one 
Starting date uw visualised as- 
November i, 1978 or as soon m 
possible thereafter Salary will be- on 
an‘approprato point on the Research 
and A us Staff Scales Range 
£3,384 to £4,882 per annum. 
Applxations [In the form of a 
curriculum vitae, including the names 


and rosses of two referees should 
be addressed to Professor J. E. Bailey. 
Department of Metallurgy acd 
Materials Technology, University of 
Surrey, Guildford, Surrey GU2 SXH 
B113{A) 


lurgy and/or Mineral Dressing. For 
post (b), applicants should have com 
siderable experience in workshops or 
laboratores with Mining (Dnilling 
Machines, rock mochanios and ventila- 
tion laboratorioa, drawing ability) 
Duties include supervisron of labors- 
torses, actting up and muuntalning 
equi t. 
scale. KS,316 to K6,324 
annum (£1 sterling oquals KI e 
Hrrteh Govermment may ont 
salaries by £3,606 per annum (Sterling) 
for marmed appointees and £1,620 per 
annum (Sterling) for mngie appointees 
(reviewed annually and normally, free 
of all tax) and provide children's edu- 
cation allowances and holiday visit 
, famıly passages, ruperannn- 
ation and medical asd schemes; rogular 
oversoas leave, various allowances. 
Detailed applications (two copies): with 
ecurnculum vitae nammg three 
referees to be sent direct to Regrstrar, 
University of Zambia, PO Box 2379, 


Lusaka, Zambia by November 22, 
1978 Applicants remdent In the UK 
shookt also send ons co to Inter- 
Univer Council, 90/91 Tottenham 
Court osd on WIP ODT 
Further details may be obtained from 
etther SIMA) 


UNIYERSITY OF 
CAPE TOWN 
SENIOR LECTURER/ 

_ . LECTURER IN 
BIOCHEMISTRY 
Applications aro invited for 


cam, tho will be supplement 


o allowance of 15.5‘ 


pref 
chemmtry of proteins and/or prote 
nucksc acid interaction, structure m 
function of chromosome protter 
hormoane-receptor mteraction. 


The post may also be filled on a co 
tract basa for 2 to 3 years with eth 
the possibility of renewal or convers: 
mto a permanent past. Applica: 
should state whether they wih to 
conskiered for contract appointment 
a anent post. 
emmoranda ooncernmg the posito 
and conditions service shor 
be o ed from the Registrar, Roc 
10, Unteersity of Cape Town, Prys 
Bag, Rondebosch, C P 7700, by who 
apphlcations must be recerved not iab 
than ._November 30, 1978 S090(A) 





UNIVERSITY OF GUELPI 


College of Biological Science 
DEPARTMENT OF 


traning m oxpertmental nutrition 

nutmtonal brochem: The wsucce 
foi applicant will participate in teac 
ing the metabolic aspects of nutri 
at the undergraduate and gradu 
levels, and will develop a reacarch pr 
gram on some aspect of the nutrruor 
evaluation of food. Curmculum wit 
and names of three referees shot 
be sont to Dr H. S Bayley, Chairm 
of Search Committee, Department 

Nutrition, Colloge of Biologx 
Science, Un of Goelph, Onter 
Canada NIG 2 by January 1, 19. 
Appointment » mbyt to fh 
budgstary approval BOGU A) 


UNIVERSITY OF GUELPI 


College of Biological Scienc 
DEPARTMENT OF 
NUTRITION 


Applcations are Invited for a cc 
tractually Jumuted of Assists 
Prafersor in fom (2 year tom 
Candidates should have training in t 
permmental nutntion or nutritlonal b 
chematry. The successful applicant © 
participate in one of the research p» 
grams within the Departme 
Curnculum vitae and names of th: 


sty of Guelph, 
NIG 2WI by January 1, 1979 A 
ment subject to final 
approval. {A} 


The Advertisement offices for NATURE have moved to 
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ECIN 2NR 
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NEW APPOINTMENT 


APPLICATIONS 
TECHNICIAN 


Initully to undertake Chemwal 
teperstion studies and = acquire 


expert ne in applications of 
pharmaceutical and clinical chem- 
airy ami merobiclogy of our 
cellulose products 


Candidates qualified to at least 
HNC (Chem) with the relevant 
back ground. 


Aged 22 to 35 
Salary dependent on age and ex- 
aa a plus usual Company 


For application form, contact 


Do, 


Kent. 
Tel, (0622) 61681. 8145(A) 





THE UNIVERSITY 
OF LEEDS 


UNIT FOR CANCER 
RESEARCH AND THE 
UNIVERSITY COMPUTING 
SERVICE 


Applications are invited for a 
term of 


E H Cooper (Unit for Cancer 
Research) and Professor M Wells 
(University Computing Service) 
The moct, which uw supported 
by the MRC, will iwvolve the 
development of computer 
systems for the 
anelyms of multivanate | 
tion used for the monitomng of 
cancer in man, end assistance if 
is a@ppheation by clinicians <A 
PhD degree or equivalent expert- 
ence 1s required and it 1s esentia! 
that candxiates should have ex- 
perte in statistics and wal 
exponence of computin e post 
m for a fixed pen of three 


Starting salary ın the ran 
£3,883 to £5,219 on the IA Scale 
for Research and Anelogous Staff 
(£3,883 to £6,555) (under review) 

Application forms and further 
particulars may be obtained from 
the rar, The Unrversity, 
Leeds 2 9ST, quoting reference 
number 89/2/D Closing date for 
applications November 16, 1978. 

` 8099 A) 





Applications are invited for two 
permanent positions in the 
Leaboratortes of the 


SWISS SERUM AND 
: VACCINE INSTITUTE 
Berne, Switzerland 


VIROLOGIST 


indidates ahould have strong beck- 
ound in Tissue Culture and Virology 
rear of competence should inelude 
iman diploid cell 
ogy, vrus production and dewelop- 


ent 
BACTERIOLOGIST 


» Join a team engaged in the develop- 

ent and production of bacterial 

ccines Applecants should have uni- 

ratty degre: Prevrous cIperence in 

imunoclogy and preparation of 

cuines would be csfentua! 

We offer excellent bencfts Salary 

mimcnsurates with cxipenence 

Send curriculam vitae, bibliography, 

id references to 

The Personnel Manager 

SWISS SERUM AND VACCINE 
INSTITUTE, BERNE 








culture method , 


























A$3.5 milhon. 


qual 


EAST MALLING 
RESEARCH STATION 
A SOIL SCIENTIST 


to initiate studies on the effects of 
modern orchard management practices 
on soii chemistry and physics 
Candidates should have a firm or 
upper second class Honours degree or 
the equivalent in an appropriate subject 
and at least two years’ relevant pot- 
graduate research cxpanonce 
Appointment as Hi Scientific 
Officer (£4,101 to £5,558) or Senor 
Scientific Officer (£5,154 to £6,898), 
grade and marung slary depending on 
expenence. At lem four yearn’ 
relevant posigradusic experience 
normaily required for appointment as 
SSO Nop-contnbutory su nnuation 
Further details and application form 
from Assitinnt to the Secretary, East 
Malling Rosearch Station, East 
‘Malling, Maldstono, Kent, MEI9 6B] 
8178(A) 


Director 


Central Research Laboratories 


The Broken Hill Proprietary Co. Limited (BHP) is the laigest company in Australia 
with annual sales of A$2,374 million and employing some 59,000 people in a variety of 
activities, covering steel; minerals; oil and gas and manufacturing These activities, 

- which range through exploration, mining; extraction; transportation and fabrication, 
are supported by extensive research and development programmes. 


Asa result of the promotion of the present incumbent to an executive position in Head 
Office, a new Director is being sought for BHP Central Research Laboratories which 
are one of two corporate laboratories for. the BHP Group. The Director will be roe 
sible for the total research programme in raw matenals and processes on behalf of the 
operations divisions of the BHP Group and for external organisations under contract. 
The research fields covered, include coal conversion; a 
making; combustion; electrometallurgy and hydrometallurgy and analytical sciences. 


The laboratones were established in 1956 and are located at Shortland N S.W., adjacent 
to the University of Newcastle. They‘currently employ 160 people, of whom 55 are 
professionals The laboratories are well equipped by world standards and are essentially 
self-contained with respect to services 


Applicants should have research expenence and a proven record in management 
ert will be in the range A$30,000-40,000 p.a. depending on expenence and 
incations, and a company car is provided. The Company operates a generous super- 
annuation scheme and reasonable relocation and removal expenses will be paid. 
Subsidised accommodation will be paid for up to six months on arrival in Australia. 


' Applications containing full personal particulars, including age, qualifications, experi- 
ence, publications, telephone numbers and names of referees should be marked 
‘Confidential’ and addressed to.— 


. Dr. R. G. Ward, General Manager Research and New Technology, The Broken Hill 
Propnetary Co. Ltd., P.O. Box 86A, Melbourne, Victoria, Australia. 


Applications should reach the above address by Ith January, 1979. 


ROTHAMSTED 


EXPERIMENTAL STATION 
Harpenden, Herts. ALS 2JQ 
BIOLOGIST 


in the Soil Microbiology Department 
to ssu with applied aspects of work 
on the phystology of VA endophyte 
and the pomubility of their pot culture 
in artificial media, and additionally, to 
investigate techniques for production, 
storage. and field application of in- 
oculum The appointment will be for 


yours, 

Qualifications Honours Degree or 
equivalent qualification tn a biological 
subject with some practical experience 
Ino «applied crop phyuology. Manual 
construct 


3 


dexterity and abflity to 
simple apparatus would be desirable 


Appointment in grade of Scientific 
to £4,415) Starting 
salary according to qualifications and 
ruper- 


Apply in wnting to the Secretary, 

addresses of two 
Ref 375 by 
November 17, 1978. Further details on 


Officer (£2,839 


experience Non-contnbutory 


annuation 


giving names and 
referees and quoting 


request. BI73(A) 


omeration; iron and steel- 


cir annual budget 1 of the order of 





8137(A) 





WELSH NATIONAL 
SCHOOL OF MEDICINE 


(University of Wales) 
DEPARTMENT OF MEDICAL 
MICROBIOLOGY 


RESEARCH OFFICER 


required trom November 1, 1978 
for a C R.C supported 2-yvar 
research propwct involving stadas 
on human tumour cel in culture 
and properues of hybrid cells pre- 
pared frem them 10U8 expert 
ence or œ degree in biology or 
biochemistry ıs desirable Startiog 
salary for suitably-qualified appli- 
cants up to £4,133 per annum on 
the scak for Univermty Research 
and Analogous Staff Grade 1B 
Appleation forms available from 
the Registrar and Scerctary, Welsh 
National School of Medicine, 
Heath Park, Cardiff (teal. No. 
Cardiff 755944 ext 2073) quoting 
ref. No B7/22, further nforma- 


toon = available from Profesor 
Watkins (tel No Cardiff 755944 
ext 2168). B132(A). 
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Environmental 


Science 


An opportunity exists for a person, distinguished in some 

aspects of the physical environmental sciences, to join A 
the Environmental Studies Section of our Planning 

Department at our London Headquarters The Section is 
responsible for environmental policy formulation within 

the CEGB based on a sound understanding of scientific 


principles 


The Section consists of a small number of specialists in 
different scientific and engineenng disciplines who 
collectively cover a broad spectrum of activites in the ar. 
water, norse and nuclear fields [tis intended thatthe 
person appointed would take an interest in much of the 
scientific work of the Section as a whole, but specifically 
would study in depth some particular important 
environmental problem — possibly but not necessary. 
the global CO, balance In this he/she would need to 
collaborate with other experts in the CEGB. UK and 


throughout the world 


itis not envisaged that he/she would carry direct 
responsibility for the day-to-day activities of the Section 
The post could well appeal to a senior University scientst 
of professional, or near, standing wishing to develop an 
understanding of the problems of a large organrsation in 
caring for the environment in a reaponsible way Equally 
t could appeal to an expenenced Industnal scientst 
wishing to broaden his/her expenence The appointment 
would be for a fixed term, the length of which might be up 
to three years’ This aspect will be discussed with 


candcidatee called for intermew 


The salary will reflect the sentortty of the post and ts 
uniikety to be lees than £9000 p.a. and could be up to 


£11,000 p.a. 


Applications stating full relevant details and present 
salary to the Group Personnel Officer, CEGB, Sudbury 
House, 15 Newgate Street, London EC1A 7AU, 
by 2 November. Quote Ref NS/2103. 





CENTRAL ELECTRICITY GENERATING BOARD HEADQUARTERS = 


UNIVERSITY OF GLASGOW 


DEPARTMENT OF 
CLINICAL ONCOLOGY 


RESEARCH ASSISTANT 


Fellow, tenable for up to 


three years, for on anu- 
metastatic drugs in animal tumour 
studies 

The Research should 





CHANGE OF ADDR 


BOTKA) 


UNIVERSITY OF SURREY 
CHAIR IN PATHOLOGY 


A sons are 6€6tnvited for ths 


tron 
Counc?! Toxsology Unt, Carshalton, 
Surrey. Suitable candsdates who woukd 


An onorary Consultant appoint- 


Regional Health Authority may be 
arran for an appropriately qualified 


candidate and facitties in Auman 
wil) be available within the 

local Guildford 
Salary will not be lem than £9,443 


per annum. 

Parther sonlares may be obtained 
fron the Academic Registrar (L F G.) 
Jary of Surrey, Guolidford, 
Surrey GU2 5XH or telephone Guilkd- 
ford 71281, ext 452 Applications 
from men and women in the form of 


November 34, 1978 


The Advertisement offices for NATURE have moved to 
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Applications are inovited for a 


of Postdoctoral Fellow 


borough. 
The post m for ons 


Applications, with the names of 
three referees, should be 


ment of Chemistry, 

The University, 

St Andrews, Fife KY16 SST, from 
particulars 


whom further may be 
obtained BIIG{A) — 










EUROPEAN MOLECULAR 
BIOLOGY 

LABORATORY 

| E M.B.L. 


TECHNICAL ASSISTANT 
Appbcations are invited for the 

















The ges offered will be 
between DM72,100 and DM2,600 
monthly. Certain allowances are 
payable according to personal 
circumstances. 


Please wmte for an application 
form, quoting reference no 78/34 
to: 5 


EMBL, 
Personne] Section, 
Postfach 10.2209, 









UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BOTANY 
Minera] industries Research 
Organisation Research Project 
Applications are invited for 


survey Applicants should have re 
eearch oxperience in plant ecology, 
Oll science of f be 
Interesied ın working in ration 


The project u financed for a porod 
of two years The initial salary will 
be ether £3,893 or £4,133 per annum 

with the 
names of two erees, should be 
recelved not later than November 17, 
1978, The Registrar, The Unli- 
versity, P.O Box 147, Liverpool L69 
3BX, from whem further parbcularns 
may be obtained Quote Ref: RV /974/ 
N/A or B, 8166(A) 













MAX-PLANCK-INSTITUT 
__ WEST BERLIN 
There n a vacancy for a 


PROTEIN 
CRYSTALLOGRAPHER 
tO work on the crystallwation and 


The position is avaiable from 
January 1979 and uw intially for 
three years with the possibility of 


renewal, 
will be in the range of 
piso 400 to DWM50,000 per A 
Applications are invited giving 
nalifications 


ekulare 
63-73, D-1000 Berlin 
; 8175(A) 











expernenca and 

Applicant should have experience 
in the planning and execution of 
scientific crues co 


ph Oceanography and ruper- 
vang the research of graduato 
Hudents. Interest ed applicants 
should send ocurmcolum = vitae, 


including biblrograph and two 
references, by November 30, 197 
toe Professor J E 


Fl, 33149 

The Unoernty of Mismi is an 
Affirmative Action] Egaal O a 
tity Amployer E S 





MEDICAL RESEARCH 
COUNCIL 
National Institute for 


Medical Research 
DIVISION OF MICROBIOLOGY 


tion and function of nuclear and mits 
chondrial genomes in yeast. Arces : 
interest Include repair, replication am 
recombination of DNA ın relation + 
both the vegetative cell cycle ar 
Mmelogs, and current projects incluc 
studies on conditional DNA saynthes 
and cell cycle mutants. 

The appointment will be for up t 
three yoars and will be in the salzz 
range £4,655 to £6,080 per annu 
according to ego and. ons 
po £450 pe. London Allowance 

u 
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University of Wales 













WELSH SCHOOL OF 
PHARMACY 


A. PROFESSOR 
PHARMACEUTICS 


research interests preferably 
In Pharmaceutical Technology 


LECTURERS (2) 


B.PHARMACOGNOSY 
interests in analytical work 


C. PHARMACOLOGY 


Physiology and Pharmacology, 
with research Interests in 
ether neuropharmacology, 
cardiovascular pharmacology or 
drug metabolism and kinetics 


Salaries: 


Post A Professorial Range 
from £9,820 


Posts B and C £3,883 to £7,754 
(Interim range and scale) 


Requests (quoting Post 
and Ref: N) for details and 
‘ application form, to 
Personne] Section (Academic), 
UWIST, Cardrff CF1 3NU 


Closing date 24 November, 1978 
BOGE2( A} 


MASSEY UNIVERSITY 
‘almerston North, New Zealand 
LECTURER IN 
ENVIRONMENTAL 


HORTICULTURE 


Applications are invited for the 
bore-mentioned position in the De- 
‘ariment of Hortsulture and Plant 
lealth, the Faculty of Agricultural 
nd Horticultural Sciences 

The appointes will be required to 
must with the te@ching, at degree and 
{ploma levels, al) courses in the de- 
elopment and maintenance of orna- 
ental plantings Practical experience 
1 these areas together with a strong 
ackground on plants and their use 
a the environment is required. An 
aterest Ín landscape planning, design 
md consiniction would be desirable 
Commencing salary, according to 
alfications and experience, within 
he range NZ$11,894 to NZ$14,488 

: Porther details of the pomtion, and 
f the Unrvermty together with the 
‘omditions of Appointment may be 
btained from the Assootion of Com- 
aonwealth Universities (A ). 36 
Fordon Square, London WCIH OPF. 
r the Registrar of the University 
Applications close on December 2, 
978. BIB3CA) 








CHANGE OF ADDRE 





Wellcome 


Helminthologist 
Department of Parasitology 
(£6,000 — £10,000)* 


Applications are invited for the post of Section Leader of Helminth Chemotherapy In 
the Department of Parasitology (Head, Dr. R. A Neal) of the Wellcome Research 
Laboratoneslocatedin Beckenham, Kent. The depertment!s concernec with research 
for the control of selected veterinary and medical parasitic diseases by chamothera- 
peutic and immunological methods. There is a scientific staff o` 18 covenng 
biochemical, chemotherapeutic and Immunological aspects of protozoal and 


helminthic infections. 


t 


The helmintholog!st appointed will be required to assume responsibility for chemo- 
therapeutic studies covering a broad range of parasites and to Iritate orginal 
research with particular emphasis on nematodes. Part of the worx will involve 
collaboration within a multidisciplinary team. 


Applicants should have substantial relevant experience and proven abifity for original 
research. interest in the biochemistry of nematodes would be advantageous but not 
essential. Candidates with biclogical, veterinary or medical backgrounds would be 


considered. 


The Wellcome Research Laboratones are located tn pleasant parkland surroundings 
12 miles south of the centre of London * Salary, dependent on ability ard axperiencs, 
will be in the range of £8,000 — £10,000. Fringe benefits are excallert and include 
generous relocation expenses where appropriate. 


Please write, giving brief details of qualifications and expenencs, 


to the Personne! Manager, 


The Wellcome Research Laboratories, % 


Langley Court, Beckenham, 


Kent BR3 385. 


LECTURER IN CIVIL 
ENGINEERING 
CONTINUUM MECHANICS 


A vecancy oxista In the Depart- 
meat of Civil Engineering for a 
Lecturer with a background i 
Theoretscal Continuum Mechanics 
and a productive research Interest 
in è th field relevant to Civil 
Engineering 

The Department has well estab- 
lished analytical and expenmental 
groups working in this area and 
the person appointed would, there- 
fore, be able to collaborate wo- 
tmoediately with active colleagues. 

In addition, he/she wouid be 
required to teach Mechanics in 
the Department at both under- 
graduate and postgraduate levels 

Salary on scale £3,884 to £7,754 
(under review) according to 
qualifications and experience 

Further particulars may be 
obtamed from D A S. Copland, 
The University, Southampton SO9 
SNH to whom applications (seven 
copies from UK applicants) should 
be sent by November 
Please quote reference 


168/A/Na. 











The Advertisement offices for NATURE have moved to 
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8188(A) 


HEAD OF PHARMACOLOGY DEPARTMENT 


A leading Spanish Pharmaceutical Company situated in the 
Mediterranean city of Barcelona invites applications from 
pharmacologists for the above post in a Pharmacology Depart- 
ment. The man we appoint'will have a good honours degree 
m an appropriate discipline, a Ph.D. :n pharmacology and 
several years tdoctoral experience preferably ın the phar- 
maceutical industry. 


The successful applicant will be responsible to the director 
of Biological Sciences and must be alle to formulate and 
organise research and development pro ects and collaborate 


with the other departments in the Biological and Chemical 
science groups. 


Knowledge of Spanish is not initially 2ssential but the suc- 
cessful candidate must be prepared ʻo acquire adequate 
fluency in this language within 2 years. The salary is tax free 
and negotiable at around 30,000 dollars p.a. and special 
assistance will be given for removal expenses to Barcelona. 


Applications in writing with full curriculum vitae should be 
addressed to: 
Pharmacology Department 
POB. 1583 


BARCELONA-24 (Spain) B189(A) 


TELEPHONE : 01 831-6901 
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MAFF: Agricultural Science 
> Service Regional Pests Organisation 


Biologists 


E Advise farmers, land owners, local 
authorities, food manufacturers and im- 
porters on the control of vertebrate pests and 
AS assist with training and lecturing m Co- 


SSA operate with Pest Infestation Control 
\\ Laboratory in research, field trials and 
~ surveys. 

SSE . 

~ Locations 

~ 0 Preston, Ruthin, Cardiff, Bristol, Norwich and 
~ Brigg (nr Scunthorpe) ©~ Vacancies may arise 
N elsewhere. l l l 
\“ © Good hons degree in a biological/agricultural 
SSN subject ©: Appropriate practical experience 
A preferred i7 Age normally under 27 `) Appoint- 
\S ment as Scientific Officer (£2840-£4410 depend- 
N ing on qualifications and experience) ©) Ref: 
a SB/3/AL. 

AN m Application forms (for return by 17 November 
~~ 1978) from Civil Service Commission, Alencon 
AS Link, Basingstoke, Hants, RG21 1JB, telephone 
~ Basingstoke (0256) 68551 (answering service if 
A office closed). 


Science 
Group 


CIVIL" SERVICE 


= 


RIB7(A) 








“MERCK SHARP & DOHME-CHIBRET 


Subsidiary of MERCK and Co 
develops an International Research Center 
located in the Herat of France at RIOM (Puy de Dame) 
and SEEKS for its 
SAPETY ASSESSMENT DEPARTMENT 


ueterinany pathologists 
toxicologists 
Ceratologists 


Applicante with a DVM, PhD or equivalent and adequate post- 
doctoral training should have experience and relevant publi- 
cations in Laboratory Animals. 





A professional enviranment is offered in staff, equipment 
and facilities. Candidates should have french as their conver- 
sational language and a aood working knowledge of English. 
A training perfod in the U.S. has to be considered. 


Hand written applications with a detaljed curriculurn vitae 
and expectations should or adressed to: 


Direction du Personnel - 
200, Boulevard E, Clemertel 
63018 CLERMONT FERRAND Cedex - France 


RETICA} 












CHANGE 








THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for the 
temporary post of 


DEMONSTRATOR 


in the above Department from 
suitably qualified candidates. The 
person appointed will participate 
in teaching biochemistry to science 
and to medical students and will 
also be expected to carry out 
research on the molecular biology 
of bacterial drug resistance in col- 
laboration with Dr J, H. Parish. 
The post is tenable from January 
{, 1979 until September 36, 1979, 

Salary at an appropriate point on 
the IB Scale for Other Related 
Staff (£3,384 to £5,604) (under 
review) according to age, qualifica- 
tions and experience. 

Application forms and further 
particulars may be obtained from 
the Registrar, The University of 
Leeds, Leeds £52 OJT, quoting | 


reference number 83/16/D. Closing 


date for applications November 6, 
1978. BO02( A) 


PHYSIOLOGIST 


Ph.D. needed in active Hemato- 
logy Laboratory, Thomas Jefferson 
University, Philadelphia, Pa., with 
experience in measurements af 
platelet size, morphology, and 
functions related to the evaluation 
of patients and platelet transfusion. 
Minimum salary, $15.000 plus, 
commensurate with experience. 
Excellent employee benefits. Send 
detailed resume with salary re- 
quirements to Mr Burvin Hardy, 
Bureau of Employment Security, 
1709 S$. Broad Street, Philadelphia, 
Pa. 9148. Affirmative Action/ 
Equal Opportunity Employer. 

$119(A} 





UNIVERSITY OF MIAMI 
ASSISTANT/ ASSOCIATE 
PROFESSOR 
DEPARTMENT OF 


BIOLOGY 


Three new positions available 1979 
in research-oriented department 
emphasising organism-level studies, 

i. TROPICAL FOREST BIO- 
LOGIST. Botanist with research in- 
teresis in community ecology or forest 
Structure preferred, Appropriate areas 
can include succession dynamics, seed 
dispersal, competition,  plant-anima! 
interactions, co-evolution, phenology, 
etc. 

Preference for the following posi- 
tions given to candidates with a 
demonstrated interest in tropical 
OPRaAn isms. 

2. VERTEBRATE PHYSIO- 
LOGIST. Interdisciplinary research in 
behaviour, neurobiology, or ecology 
preferred. 

3. EVOLUTIONARY BIOLOGIST/ 
POPULATION GENETICIST. 
Specific interests might include genetic 
structure of populations, dynamics of 
natural selection, reproductive life 
history strategies, etc. 

Candidates must have Ph.D. or 
equivalent and an active research 
program. Competitive salary based on 
qualifications and experience. Apply 
before January 10, with curriculum 
vitae, a recent reprint, and names of 
four references (have overseas letters 
of recommendation sent immediately) 
to: Search Committee for [position 
sought}, Department of Biology, Box 
249118, University of Miami, Coral 
Gables, Florida 33124, USA. Equal 
Opportunity Employer. BIZICA) 


The Advertisement offices for NATURE have moved to 
3 DYERS BUILDINGS, LONDON, 
TELEPHONE : 01 831-6901 


UNIVERSITY OF GLASGO\ 
SECOND CHAIR OF 
PSYCHOLOGY 
Applications are invited from tho 
with experience and interest in any ar 
of Psychology for a Second Cha 
which wilh be established on Octob 


i, 1979. 
_ Further particulars may be hi 
from the Secretary of the Universi 


Court (Room 18), The University 
Glasgow, Glasgow Gi2 80Q, wi 
whom applications (15 copies) givi: 
the names and addresses of thri 
referees, should be lodged on or befo; 
December 12, 1978, 

In reply please 
4265M. 


Ref, Ne 
S102(A) 


quote 





HUMAN GENETICIST 


To teach human and general genctic 
and to conduct research in hume 
genetics, Assistam or Associate Pri 
fessor level. Apply with curriculu 
vitae, including research interests an 
names of three references, Posio 
open threugh February 28, 197! 
Write ta: 

James B. Boyd 
Department of Genetics 
University of California 
Davis, California 95616 

The University of California is a 
equal opportunity and affirmative actic 
employer and invites applications fro 
al] qualified individuals. SIO3{A} 





MINISTRY OF OVERSEAS 
DEVELOPMENT 
TROPICAL PRODUCTS 
INSTITUTE 
CULHAM, OXON. 
MECHANICAL ENGINEER 


The above Research Institute, whic 
carries oul scientific research to aj 
developing countries, invites applic: 
tions for a Mechanical Engineer t 
work in the Cereals Technolog 
Section, of its Industrial Developmer 
Department at Culham. The appointe 
will assist in the development c 
machines for the milling and debrar 
ning of cereal grains. They will als 
be required to carry projects throug 
from inception, design and construs 
tion to the testing stage. Experience c 
the type of work is not necessary br 
the applicant should possess a soun 
practical understanding of engineerin 
techniques. Short-term overseas visi! 
could be involved. This is a perio 
appointment of two years, grade 
Scientific Officer: Salary: £2,839 4 
£4,415, Conditions of Service; 4-da 
week of 42z-hours (including func 
breaks); 20 days leave per year: not 
contributory pension scheme; Qual 
fications: Ist or 2nd Class Honour 
degree in Mechanical Engineering. 

Application forms from Miss C. A 
Hall, Tropical Products Institute, t2 
Clerkenwell Road, London ECIR ST 

RIOHA) 





LECTURER IN 
PHARMACOLOGY 


This new post arises from th 
expansion of the Department c 
Pharmacology with the appointment ¢ 
Professor H. P. Rang as Chairman. 

The person appointed will b 
involved in teaching medical, dent: 
and science students and will b 
expected to pursue an active researc 
programmic. i 

Closing date for application 
December 1, 1978. Further particular 
from Professor J. L. Mongar | 
Department of Pharmacology, Unive: 
sity College Londen, Gower Stree 
WCIE 6BT. BOBR( A) 





ECIN 2NR 





ature Vol 275 





SENIOR RESEARCH 
FELLOW IN 
ATOMIC/MOLECULAR 
PHYSICS 


The Unrversity of Maryland and 
sbe National Bureau of Standards 
a Weabington, DC. art, .announc- 
ag a one year fellowship for a 
enor rugearch scknum tO pursue 
esearch at the N BS. Synchrotron 
Jitravtola: Research Faciliuy 
SURF.) The S.URF fellow 
vill bold an appointment im the 
antute of ee Scicnce and 
rechnol the Colleg: Park 
ampus of the the University of Mary- 
ind eddition to hm research 
De at 
ppointec will interact with the 
acuity and siudents at the Unr 
erty, principally through lectures 
od semunars : 

Apmications are now beng 

ted for the academic year 
, with detailed schedule to be 
sopotuated Salary and faculty 
ank will be commensurate with 
urrent position We are initially 

ecking an indivedual interested m 
ursuing atomrec/molecular physics 
u S.U R.F. Expernence to the use 
T synchrotron radiation and/or 
whotoelectron spectroscopy of gases 
‘ul be considered ‘ particularly 
aluable for the appomtment. 

Send résumé, desired starting 
late, and research pilens io 

Profesor Joscph Silverman 

Institute for Phymeal Science 

and Technology 

Univermty of Maryland 

College Park, Maryland 20742 

BIZ2CA) 













TECHNICIAN 


equired at our Mill Hill Lab- 
ratones, London NW?7, to join 
roup working on expernmental 
mbryology and regeneration 
Work will involve some animal 
eee (amphibia), histology 
sg Laboratory meinten- 
hee ro expenmental work : 


H N C /Degree Laboratory ex- 
erence an advantage Salary range 
3.261 to £4.902' L W Application 
orm from Mrs Nelson, Impernal 
ancer Research Fund. Lincoln's 
an Fields. WC2, Tel. 242 0200 
xt 305, quoting ref 13/79 Clos- 
‘ig date for applications November 
7. 1978 8033(A) 


. INSTITUTE OF 


CANCER RESEARCH 
SUTTON. SURREY 
VISION OF EPIDEMIOLOGY 


SCIENTIST FOR 
COMPUTER SIMULATION 


a health-hozard monitoring system 


industrial situations ÁA small 
earch team will undertake this new 
joct, to tudy design and analysis 
sons) for such an information 
em uung Stmulation techniques 
\pplicants should preferably have a 
ree in Mathematic? or statretics, 

probably an M Sc or experience 
vant to mathematical modelling 
1 medal tatistics 
ihe post i for two years, with 
ary in the range £3,909, per annum 
£4,408 per annum plus London 
owance of £450 per annum, as an 
R C Grade IE mient 
‘urther detatk available from Mre 
Bell (01-643 8901, ext 291) 
Applications in duplicate with the 
aes of two referees to the Secretary. 
ttute of Cancer Research, 14 
caner Place, London SW7 INT 
ting ref 300/Cr/134 
losing date for 
zember 10 197R 


applications 
RISRLA) 
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26 October 1978 





Wellcome 


Clinical Research 
Associate - Vaccines and Sera 


The Wellcome Foundation has been a pioneer tn the development of vaccires and sera for 
Immunisation against infectious disease for over 80 years and has made many original 
scientific contnbutions in this field, 


We currently have an opportunity for a Clinical Research Associate in the Department of 
Clinical immunology & Chemotherapy of our Research Laboratones located in Beckenham, 
Kent. The successful candidate’s main duties will include 


the identification and recording of scientific and clinical reports related to tre Foundation’s 


Interest in vaccines and sera, 


the preparation of authoritative and critical scientific revicws , 

participation in reviews of clinical research projects, 

dealing with some technical queries; 

assisting in the administration of clinical trials/data handling tn association with the 


responsible physician. 


Candidates should have a degree in a biological science and some years postgraduate 
experience in a relevant fieid e.g. virology, bactenology or immunology. A knowledge of 
immunological theory and the nature, clinical characteristics and usage of vaccines would 


be particularly advantageous. 


The Laboratones are sttuated in pleasant parkland surroundings some 12 milas south of the 
centre of London. Starting salary will depend upon age and expenence but 58 not expected 
to be less than £4,250 p.a Conditions of employment are excellent and include generous 
relocation expenses where appropnate, pension scheme, subsidised canteen and sports and 


social factirties. 


For an application form, please write to .— 


Personne! Manager, 


Wellcome Research Laboratones, 


Langley Court, 
Beckenham, Kent. 
BR3 3BS. 


ONLINE |. 
TRAINING OFFICER 


To conduct training sevuons with 
Commonwealth Agricultural Burenus 
«af and customers, and organise 


exhibits and displays Subjects covered, 
sanclude all of C A Bs ‘products and 


services, particularly online informa- 
non retneval 

Applicants shoukd be graduates in 
agricultural science or related sub 
You must be a car owner, wiht 
clean driving Iteence Although 
at Farnham Royal the position err 
mands considerable travel in the UK 
and overseas for which allowances will 


be pend 

re knowledge of one or more 
European languages would be 
advantagrous 


Salary In the senle £2,839 to £5,448 
per annum Superannuation 22 days 
annual leave 

Appiy to 

les Director, 
Commonwealth Agricultura] 
Bureaux, 
Farnham House, Farnham Royal 
Slough SL2 3RN 
RISIA) 








137 


8184(A) 


UNIVERSITY APPOINTMENTS IN 
NEW NIGERIAN UNIVERSITIES 


The Inter-Univermty Council intends to extend 18 register of candidates 
availiable for posts in the new and developing coiversities in Nigeria 
Applicants should possess a good Honours Degree cnd research experience 
preferably with a Doctorate Univeruty level smeaching experience is 
desirable for Lectureship posts and essential fo- Senior Lectureships 
The universities in question are often developing famter than the supporting 
infra-structure and a pioneering approach is essenual Applicants on the 
basis of possible secondment from a Brituh univecuty/polytechoc would 
be wolcomed. 

Applicants are invited for posts of Lecturer and Sentor Lecturer in the 
following subjects. 

B6 GEOLOGY 


BI MATHEMATICS 

B2 PHYSICS B7 MECHANICAL ENGINEERING 
BI CHEMISTRY B8 ELECTRICAL ENGINEERING 
B4 BOTANY B9 CIVIL ENGINEERING 


BS ZOOLOGY 


Salary range £4,350 pa to £6,905 pa plus 25 per cent Contract 
Bonus Salary may be supplemented in appropriate cates for poms aot 
Senior Lectureship level 

Appointments normalls on contract for 2/3 years renewable Pax 
Overseas Ppestages cvery 2 years, car loan, car allowance, furnished 
accommodation at jow rental as avallable 

Further informtion and form from Division A, Imer-University Council, 
eg aaa Court Road, London WIP ODT Closing date December 
1. 1978 

Candidates living outside the United Kingdom sould not apply to the 
LIUC. hut to the un:tversities in Nigera directly 

The Universities: concerned are‘ those at Calabcr, Iorio. Jos, Kano, 
Maiduguri, Port Harcourt, Sokoto SISCA) 


The Advertisement offices for NATURE have moved to 


3 DYERS BUILDINGS, LONDON, ECIN 2NR 


TELEPHONE : 01 831-6907 
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oan PA 


5 5 x o 2 x z i , 
i . DIRECTOR OF POLYTECHNIC 
ENGINEERING PHYSICS , AT COVENTRY 

RAMME DEPARTMENT OF 

; ee S 458° the BIOLOGICAL SCIENCES 

i of Director of, the programms POSTDOCTORAL 

Science. should have a the £4,101 
1 doctoral degree in g Phymcs | £6,558 (t is only to appo 
í or closely allied bo olgıbio for | on this 


and havo mutable tndostriat, January 1, 1979. 
and inventive ‘ability. Teaching Involves RESEARCH TECHNICIAN 
both. |, and gradua 
students. Appointment at‘the associate £3,279 to £4,146 T2/3. 
-or full .professor level, with salary lb for three years fr 
i Pee 1, 197. 

to. qualifications and expor- | ; 
commenting July 1, or Septem- To participate in a ‘pint project 


enoo, 
ber :1,. 1979 Canadan citirens and | SP-C- and LCI involving devel 
nts aré particularly ment’ of a neha for the in in 


CHEMIST FOR © `> 
BIOLOGICAL RESEARCH 


Gallaher Limited R, & D Dmsion (Betfast) require a graduate 
as leading. member of a team. working:on structure- 


to The Dean. F of Arts | $ application to-toxioological stud} 
activity correlations of tobacco smoke components The Science. Dalho Applicants. for pop. pose abou 
successful applicant will be a chemist or biochemist aged Halfar, Nova Scota, i i, in blache PA ARU ra e n 
25-35 with relevant experience in academic or Industrial BIH NS. _ 8111(A) eta 
y cytological procedures would also 
- research.,: Practical. expenence should Include chromato- ~ -' i i an advantage- TE S 
i graphic separation techniques ‘This is'a‘ demanding post; i oo ar pplican or Reecarch T« 
l the holder of which will -need to display marked creativity , ST THOMAS’S HOSPITAL: | BND. cr decree Tree uote 
! and leadership. n MEDICAL SCHOOL serge working, condition 
= ' : ies 7 v oe 
` The idbcestoies are well ARAN working saints are (University of London) oe store TUTL la. ME < 
pleasant and include a 36}-hour 44-day week. Salary will » - London SEI 7EH , | + For application forms and furti 
fully match the importance of the post and the apenes A particulars please apply in writh 


of the candidate 


Applications to Dr. R. R. Boxall 
GALLAHER LIMITED 
Henry Street, Belfast`B T15- 1JE 


1 


* B161(A) 


DORSET AREA HEALTH AUTHORITY — 




























i Postdoctoral R 
warded! by November 25, 1978 
EAST, DORSET HEALTH CARE DISTRICT siisca) o | Ea sae chan earl 
on i wactintig «tnd oth 
EN Ta 7 materials. The post, which is for 
` ; penod of two years, involves a limit 
NEUROANATOMIST amount of ‘demonstratms, and requb- 
an interest both physical a 
E THE ‘DEPARTMENT OF ` |! chemical principles and their appli 
ier PHYSIOLOGY-ANATOMY ' tian to en practico , 
UNIVERSITY OF scalo £3,384 to £4,466 (under revicv 
A TECHNICIAN CALIFORNIA; BERKELEY: `| E3 ai ago Mo * 
ae ‘Acolicat ` with - curriculum vit 
es AN ee ana. ee e names of o ala should 
or Assistant Professor mnt to Dr J. Wio, Clarend 
IMMUNOLOGY DEPARTMENT able July: 1, 1979, pending, “Baal | Laboratory, Oxford. OXT 3PU, fre 
l able July : 1 1979, , pending final skom further details may be obtaine 
is to must be able to asume \ 
a j t f 
-. at ROYAL VICTORIA sea pr Tero 
er- BOURNEMOUTH 5 snglomy coarse in alterato years, and |. me 
ae oe ae aS i teaching in the anatomical BIRMINGHAM 
A temporary research aselstant medical laboratory ecientrfic sciences. erence will be given to 
_ officer Is required for the Department of Pathology In ' - with two ór moro years of, DEPARTMENT OF 
' Immunology at the above Hospital. The post Is for ie petepos in a S ; , GEOGRAPHY 
approximately a frve months period only and is to aserst in functional Zt the nervous LECTURESHIP : 
» f of ‘ Candidat be evalua : invited for the 
the Department's Regionally: Financed Programme. oe | a a- os 2 = gnenn ho i or 
Knowledge of column chromatography and radilo- mang m teaching and research, and | preference may be 
assay ls cesantial. 8 their capacities to develop a vigorous or  statietk 
p and independent program m./ in 
Normal working hours will be 9.00 a.m. 0.6.30 pm. neurobiol ‘inne individuals |- will be in the range £3.8 
Monday to Friday inclusive. With ft BS should letter, ap anag ther | to £7,754, plus saperann ah Ma> 


Closing date for receipt of ‘appiloations 8th November 1978 = 


Applloation forms and Job descriptions are obtainable `’ ` 
from Miss M. Smith, Staff Appointments Officer, 

Royal Victoria Hospital, Shelley Road, Bournemouth , 

BH1 4JG: Tel: 0202 35201 ext. 381 (between 9.00 a.m. 

and 4.00 p.m. Monday to Friday only). 8101 (A), 


` a | 


Department of ‘Physlology-Anetomy, Engincering, University of B 
1 2549 Lfe Sciences Building, University mingham, P.O. Box 3463, B 
-| of --Calffornta, “Berkeley, Calrfornia. B13 ZTT, to whom applications 
i A rt ine a mo aon ioe 

anuary 1, 1979. The 
University of Callfornia w an affirm sent by Monday, November 27, 13: 
. ative Acton Employer 8117(A) , Please quote ref NH4., 1 





The Advertiaament offices, for NATURE have moved to 


. 3 DYERS BUILDINGS, LONDON, ECIN INR .- 
TELEPHONE : 01 834-6901 . : 


- ~ 
ees >» 8 X - 
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_ THE QUEEN'S 
UNIVERSITY OF 
BELFAST 
LECTURESHIP IN 
BIOCHEMICAL 
PHARMACOLOGY 
Applications are invited from 
sersons holding a university degree, 
and having experience and training 
‘mn Biochemical Pharmacology, or 
Pharmacology for a lectureship in 
Biochemical Pharmacology in the 
Department of Therapeutics and 
Pharmacology tenable from April 
i, 1979, or such other date as may 
2€ arranged. Duties will inchide 
teaching pharmacology to medical, 
Jenta] and postgraduate students, 
and contributing to research in 
biochemical pharmacology. Experi- 
ence in pharmacokinetics and in 
measurement of plasma levels of 
drugs is highly desirable and an 
interest in pharmacology and/or 
tlinical pharmacology would be an 

advantage. 

Initial placing which will depend 
on experience and qualifications 
will be made on the Scale funder 
review) £3,885 to £7,755 with con- 
tributory pension rights under the 


F.S.S.U./U.S.S, Assistance is avail- | 


able with removal expenses. 
Further particulars may be 
obtained from the Personnel 
Officer, The Queen's University of 
Belfast, BI7 INN, Northern Ire- 
land. Closing date: November 30, 
1978. (Please quote Ref: 78/N). 
SISS{A) 








COMMONWEALTH 
GRICULTURAL BUREAUX 
Vacancy for 
\XCIENTIFIC INFORMATION 
OFFICER 
at the 
OMMONWEALTH BUREAU 
OF ANIMAL HEALTH 
zentral Veterinary Laboratory, 
New Haw, Weybridge, Surrey 
General Information. The work of 
è Bureau is to collect and make 
failable through its publications 


he Veterinary Bulletin and Index 
eterinarius and by magnetic tape ser- 


ces, information relating to all 
pects of vererinary science, 

Main duties. The duties include 
arching scientific periodicals, index- 


g articles, preparing English-language 
wstracts for the monthly journal The 
eterinary Bulletin, -editorial work, 
waling with enquiries and preparing 
wiews and bibliographies. 


‘Qualifications. A qualification in in- 


wmation science of an appropriate 
ological science is required, plus a 
yowledge of European and Slavenic 


Higuages or a willingness to learn 
heuUages. 
Salary. In the scale £2,839 to £5,448 


o annum 
‘eighting 
mun, 


plus an Outer London 
allowance of £275 per 
plus a compensatory allowance 
axable but not superannuable) of 
3% to offset personal contribution 
Superannuation Scheme—part-rime 
ipointment pro rata. Starting salary 
corning to qualifications, experience 
id age. 
Application forms and full particulars 
om the Executive Director, Com- 
onwealth Agricultural Bureaux, 
irnham House, Farnham Royal, 
ough SL2 3BN, to whom completed 
plications Gn duplicate) should be 
nt by November 27, 1978. 
R107(A) 


CHANGE OF ADDRES 


LABORATORY 









Laboratory Head— 
Biochemistry 


New Fermentation Products’ 


The Glaxo Group of companies has an impressive history of exploiting 


fermentation products. Our Fermentation Research Division, s tuated in 





pleasant surroundings at Stoke Poges in South Buckinghamshire, has an 
extensive programme to investigate the biosynthetic potential of a variety of 
micro-organisms. 
We are seeking an experienced research microbiologist, with a good innovative 
record, capable of supervising a graduate and technical staff and able to 
liaise with biochemists, chemists and fermentation technologists within a 
progressive multi-disciplinary research group. 


The successful candidate will be responsible for organising and reporting the 





Greenford 
Middx. 





SERED Sere SES 


Quoting reference number: 247 


work of a laboratory and should combine an understanding of microbial 
metabolism and the optimisation of secondary metabolites in liguid culture 
with a capacity for a critical evaluation of the potential of selecced organisme 
for new product formation. 
Starting salary will be in the range of £5,320 p.a. to £7,073 p.a. subject to 
qualifications and experience. In addition there is a London Allowance of 
£258.50 p.a. and pension and bonus schemes. Assistance with relocation 
expenses will be given where ADPTOPREIE: 
Please apply to: 

Mr. R. E. Nolan 

Personnel Officer- 

Glaxo Allenburys Research (Greenford) Ltd. 
Greenford Road, 


BIEGA) 


Glaxo-Allenburys Research (Greenford) Limited 


TECHNICIAN for 
duties including assisting research staif 
and helping run student practical 
classes. Applicants should possess 
H.N.C. or equivalent qualification and 
relevant experience. Salary on Whitley 
Council Scales depending upon qualifi- 
cations and experience. Applications 
in writing with names of two referees 
to: Mr S. W. Philpot, 


Physiology, The Middlesex Hospital 
Medical School, Windeyer Building, 
Cieveland Street, London WIP 7PN. 

BOR6(A) 





UNIVERSITY OF LONDON - 


KING’S COLLEGE 
DEPARTMENT OF 
PHYSIOLOGY 


Applications are invited for a newly 
created Lectureship in Physiology. The 


Department of Physiology is engaged | 


in teaching medical, dental and science 
students and has good facilities for 
research. Applicants should preferably 
have an interest in and be able to 
teach Mammalian. Physiology. Candi- 
dates active in inter-disciplinary fields 


such as genetic, developmental or 
behavioural physiology will not be 
excluded. A medical qualification 


although desirable is not essential, 
Salary scale £3.883 to £7,754 per 
annum plus £450 per annum London 
Allowance. The starting salary will be 
at an appropriate point on the scale. 
Universities Superannuation Scheme 
contributions would be payable. 
Application forms and further par- 


ticulars are available from the 
Assistant Registrar, King’s College 
London, Strand, London WC2R 2LS 


should be returned with any 
information, in triplicate, 
not later than Friday, 
1978 quoting reference 

8O087(A} 


and 
additional 
to reach him 
December l, 
191647/N., 


Department of 


8. K. Runcorn, 


UNIVERSITY OF 


NEWCASTLE UPON TYNE 
SCHOOL OF PHYSICS 


Applications are invited for the post 
of Research Associate to continue 
studies in Lunar Magnetism. 
Seismoiogy. i 

The School of Physics has a pro- 
grayjnme for the study of the magnetism 
of iunar rocks and is concerned over 
the theoretical consequences of early 
lunar magnetic field for the under- 
standing of the evolution of 
interior of the moon and its present 
internal activity. 

The appointment will be for one 
year only, at a salary of £4,882 plus 
F.S.S.U. and Nationa! Insurance, and 


will. be-amade from a mutually- agreed 


date. - - 

Applications (two. copies} 
with names and addresses of two 
referees should be sent to Professor 
School of Physics, 
The. University, Newcastle upon “Tyne 
NEI TRU, as soon as oie ty 

SL12(A) 





THE UNIVERSITY F Leeds- Depart- 


ment of Plant Sciences. Applications 


are invited for the post of Grade 4.. 
The ` 


Technician in Photography. 
person appointed will be in charge of 
Departmental Photography, 
enlargement printing for light and 
electron microscopy, reduction printing 
for lantern slides, colour and B/W 
photography of plant material, and 
general care and supervision of all 
darkroom facilities. Applicants should 
possess an appropriate qualification 
and have had about seven years rele- 
vant experience including a training 
period. Salary on the scale £2,955 to 
£3,402 a year. Applications with the 
names of two referees and full detatls 
of qualifications and practical experi- 
ence should be submitted to The 
Secretary, Department of Plant 
Sciences, Baines Wing, The University, 
Leeds LS2 9JT, B133(A} 


TELEPHONE : 01 831-6901 


and 


the | 


together 





| 


including } e- 


ECOLOGY 
YALE UNIVERSITY 

DEPARTMENT OF BIOLOGY 
seeks candicaies for senior and junior 
appointments in Ecology. The 
appointees will be expected to con 
tribute to a strong program of research 
and scholar-hip in ecology, and par- 
ticipate ia undergraduate and 
graduate ‘teaching 

Send cursiculum vitae, résumé of 
past and present research, and names — 
of referees’ to: The Chairman, Depari- 
ment of Biwogy, 102 KBT. Yale Vm- 
versity, New Haven, Connecticut 
06520, Deadine for receipt of applica- 
tions "is June, 1979, 

Yale University is an Equal Oppor- 
tunity Affirmative Action Employer... 
We invite applicants from all qualified 


individuals, especially women and 
members of minority groups. — 
Bi6d(A) 


POSTDOCTORAL 
RESEARCH POSITION 
IN’ THE DEPARTMENT OF 
BIOCHEMISTRY, MEDICAL. 
COLLEGE OF VIRGINIA 
VIRGINIA 
COMMONWEALTH 
UNIVERSITY 
Richmorel, Virginia, U.S.A 
Applications are invited for a post- 
doctoral position available from Fem 
ruary I, 19%, for research on the 
turnover of specific enzymes arid 
characterisation of proteases im tissues 
of normal or diabetic animals. Salary 
$10,000 per annum. Applications, in- 
winding a curriculum vitae and the 
names and addresses of two referees, 
should be segi prior to December 1, 
i978 to Dr -. S&S. Bond, Strangeways 
Research Laboratory, Worts Cause- 
way, Cambridge CBI 4RN. a 
RISHA) 


The Advertisement offices for NATURE have moved to 
3 DYERS BUILDINGS, LONDON, 


ECIN 2NR 
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AGRICULTURAL RESEARCH COUNCIL 
ANIMAL BREEDING RESEARCH ORGANISATION 


Applications are invited for a vacancy in the Department of Growth 
and Effceency for work on the genetics of growth and productive efficiency 


of Ilvestock 


1 


Candsdates should have a firet or upper second class Honours Degroo 
or the equivalent in an appropriate subject and at least two yours’ post- 


qualifying experience in matbematios, 


siatratica, genetics or animai 


eciepce They should have the ability to conduct and direct large-scale 
expernnments on cattle fad a controlled complete diet. An ability to analyse 
data and use dxtenslve computing facilities rs essential. 


Appointment as Higher Scientific Officer (£4,101 ‘to £5,449), 


starting 


salary depending on experisnce Nonrconinbatory superannuation 


Further information and 


application forms are 


available from the 


Secretary, ARC Animal Breeding Research Organisation, West Mains 


Road, Edinburgh EHS 3JQ Closing dato November 11, 


UNIVERSITY OF 


CAMBRIDGE 
DEPARTMENT OF 
ZOOLOGY 
Appleations are invited for two 
eagerness ase for persons working 

in the Behavioural Ecol 
and Verbs Physi reapect 
to take up appomntment October T 
1979. A niments wll tor thros 
years, the poenbility 
appointment for two Proposed 
pensionable stipend ,133 to £5,] 
according to age and experience 
Further information about Cam- 
brxige Demonstratorshipse and about 
the duties and conditions of appoint- 
ment may be obtained from the 
of the Appomtments Com- 
mittee, 


woulty of logy "A", De 
Protest of Applied Biology, Pem- 
Street, Cambridge CB2 3DX, to 


aree crak by J 12, 
two or t cron, an 
1979. $1560A) 





UNIVERSITY OF KENT 


AT CANTERBURY 
BIOLOGICAL LABORATORY 
Protozoology Group 
Applications are invited for, 
following roescearch posts. 
POSTDOCTORAL ° 
RESEARCH FELLOW 


to wor oa tho Soc aerated of 
pyrimidine biosyotheske iu Trypeno- 
soma crazi Preference will be pree 
to er pina with oaxperimnces 
ay molar or site eect cian: 
Salary o £3,883 to £6,555. 


GRADUATE RESEARCH 


ASSISTANT 


to work on various aspects of the 
bhochemutry of Trypanosoma cruzi 
Candidates with in bio- 


chemistry will pe gaat Salary 
scaic £3,384 to £4, 


The appointments wiii be instially 
for one year with a good prospect of 
extension for a further period of two 


in oxoological 
dee will bo paved: 


the 


tory, The University, Canterbury, 

re CT2 7NH, to ‘whom completed 
lications shouki be returned 
a 17, 1978. Please Tos 


CHANGE Of T 


1978. SOILA) 





TECHNICIAN GRADE 3, 
in M R.C. Neauroummmunology Project. 
Work will involve the slentrfication 
purification and & yitro cultures of 
ciis from nervous 


TECHNICIAN Grade 3, with knowl! 
edge of Cytology required to 
both the research and 


Please mention 


Nature 


-when replying to 
these advertisements 





Apnisos Lons aro Invited for the 
posbon of: 
PROJECT LEADER 
in a DRUG METABOLISM AND 
PHARMACOKINETICS GROUP with 

n leading. pharmaceutical , Company 10 


The applicant gore have «a par- 
ticular knowledges of h p.lc. methods 
of analysis and e PhD dogree in a 
relevant 
Send tlons and. CY to 
NATURE, Box No S1!06(A), 3, Dyors 
Buildings, London ECIN ZNR 
All replies will be treated 
sirictest confidence 
J 8106(A) 


in the 





ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts. ALS 2JQ 

BIOCHEMIST 


In Soil Microblology Department to 
study the phymology of VA endophytes 
and the poasfbiulity of their cultare in 
article! media The post is tenable 
for a ey 3 years and wo 
f by the Ministry of Oversoas 
Deval 


rications: First or upper second 
clas Honours degree or’ the equivalent 


“and at least two years’ graduate 
expericnce. Preference will be given 
to oandsiates with a priate post- 
doctoral experience BPE je or 
microbial biochemistry jor root 
physiology. 

Appointment in grade of Higher 
Sclentrfic Officer (£4,101 to £5,448) 
oc Sensor Sctentific Officer (£5,154 to 


£6,898), grade and starting miary de- 


pending on At least fonr 
years’ “ole expenence would 
fare) be required for appointment 
a 550. N tory mrper- 
acovation 

Apply in writing to the Secretary, 
giving names addresses of two 
referees and Ref 374 by 
November 24, 1978. Further detalls 

8172(A) 


: PRE AND POSTDOCTORAL 


POSITIONS 
are available for studies on the protein 


en system with spectal ae 
opography, 
eai and function—ander on 
conditions of growth and developm 
Teaching a. avaliable Pol 
with résu 

Professor Bruce H. Sells, 

Laboratories of Molecular Biology, 

Faculty of Modine, 

Health Sciences Complex, 

Memonal Univernty 


of Newfoundland. t003 (A) 


THE MEDICAL COLLEGE OF 
ST BARTHOLOMEW’S, 


HOSPITAL 
DEPARTMENT OF 
OBSTETRICS AND 

GYNAECOLOGY 


Applications are Invited for a 
a Assistant to partio{[pate in a 


Ba Cancer of the 
Ovary. ey eae the Whhamson 


Laboratory Patt for a Science 
Greduato, erecritis with some &x- 
permo in laboratory immuno 

post us forded by a grant from the 
Cancer Research Campaign which uw 
gage ne to renewal. 

her particulars may be obtained 
from —Mr T. A Poulton, Witilamson 
ard applications should be 
sent to Secretary, The Medscal 
College of St BHartholomew’s H 
West Smithfiek!, London ECIA E, 
reference 807 BOGHA) 





INTERNATIONAL ' 
INSTITUTE OF 
HUMAN NUTRITION 


TECHNICIANS 
for lipid analyses and for clinical 
blochemustry. 


Applicatroms stating qualifications, 
age and experience to Director, Inter- 
national Yostttute of Human Nutrition, 
High Street, Sutton Courtenay, Ab:ing- 
don, Oxon OX14 4AW $165(A) 


The Advertisement offices for NATURE have 


3 DYERS BUILDINGS, LONDON, 
TELEPHONE : 01 831-6901 


UNIVERSITY OF RHODES 
DEPARTMENT OF GEOGRAFH 
SENIOR LECTURESHIP ON 
LECTURESHIP 
IN GEOGRAPHY 
bogtions are invited for ons p 
in uman goography tenable fn 


January 1979. Preference ma may be gi¥ 
of stv 


urben, political geograp> 
Interested persons shouid indicate 
ther applications the full rango 
their interests and abilities fn teach} 


£6,843 to OS, 
Lecturer Grade ll, £4,724 to £6,6' 
Both permanent, pennonable terms a 
short-term one- or two-year contre 


are offered. 
Further sculars and applicat: 
procedure Id bo obtauned from + 


Asociution of Commonwealth U; 


veruthes ( ) 36 Gordon Squa: 
London WC OPF. 
Ciosing date for 


ee of applk 
tions’ November 30 
Britah subjects considering a 


wealth Office (tel ne 233 414 
thelr nearest Briteh Consular 
808 1(A» 


«MEDICAL RESEARCH 
COUNCIL 
NATIONAL INSTITUTE FO 


MEDICAL RESEARCH 
DIVISION OF VIROLOGY 


A silentific staf vacancy exists 
a small team studying the meohanin 
of virus Infection using the adenovir 
model system We require someo, 


tor 
ra £4 per annum Loodan Allo 


licat ions, ns detalls of qua’ 

fost oo and the ~ nam 
ra! pea to 
Institute for Medtcal Resoarch, aG 
Aull, London NW7 1AA befo 
November 30, quoting reference ¥.] 
8096(A) 





WEST OF SCOTLAND 
HEALTH BOARDS 
DEPARTMENT OF 
CLINICAL PHYSICS AND 
BIO-ENGINEERING 

POSTDOCTORAL . 
RESEARCH WORKER | 
Applications are tuvited tee 


aT 


above Mar Research 
fonded Besson: Sine uptar 
mothylat LRE mero 


£3,915 to £4,395 p 
appointment 
NHS fu nuation scheme. 
Application f form and job descriptk 
may be obtained from the Directo 


Department of Cilnitcal Physics ar 
Biw-Fugineering, 11 West Graba 
Street, Glasgow G4 9LF, to who 
completed applications sbhouki H 
returned by November 30, [978 
B100(A) 
moved to 


ture Vol. 275 





UNIVERSITY OF 
HONG KONG 
DEPARTMENT OF 
ANATOMY 
SENIOR LECTURESHIP 
IN ANATOMY 


slowing the establishment of a 
tal School, applications are invited 
appointment from September Hh 
h to a post of Senior Lecturer in 
tomy. 

pplicanis should be either dental, 
wal or science graduates with 
wience in teaching anatomy to 
dinical denial students, The 
yintment carries the responsibility 
coordinating and implementing all 
omical teaching within the dental 
se, The appointee will be expected 
ngage in research work and may be 


dred to teach other students on 
ion. Facilities exist within the 
artment for a major research 


rest to be built up in one of the 
biology fields. 

noual salary (superannuablie} isi- 
898,700 by 4,260 ta 120,000 by 
ü to 132.600. (£1 equals HKS$9.30 
rox), Starting salary will depend 
qualifications and experience. 
arther particulars and application 
ng may be obtained from the 
sciation of Commonwealth (Appts), 
Gordon Square, Landon WCIH 
' or the Assistant Secretary 
cruitment), University of Hong 
iw, Hong Rong. 
losing date for 
ember 30, 1978. 


applications — iS 
8 i407 A} 





iT GEORGE’S HOSPITAL 

MEDICAL SCHOOL 

_ (University of London) 
RESEARCH ASSISTANT 
IN 
BIOCHEMISTRY 
to work in the field of 
characterisation and 
mical modification of biologically 
ve peptides and macromolecules 
ted to human pancreatic and 
ignant disorders. Same previous 
erience in chemical modification of 
ins desirable but not essential. 
.. suceessful eandidate will be 
ected to register for a Ph.D. 
ree, The appointment, which is in 
Surgery Department, will be for 
e years. Emoluments according to 
erience; minimum starting £3,834 
annum. Further details and 
Heation forms available from the 
iblishment Officer, St George's 
pital Medical School, Cranmer 
race, London SWI7 ORE. Closing 
« November 19. RISHA) 


tired 
ation, 








NIVERSITY OF READING 
SPARTMENT OF PHYSIOLOGY 
AND BIOCHEMISTRY 
: RESEARCH 
DEMONSTRATORSHIPS 
wpplications are invited from gradu- 
: in Blochemisiry, Physiology, or 
pr related subjects, who would nor- 
dy have an upper second class 
urs degree, for a Research Dem- 
iyatorship to carry out research for 
igher degree in one of the following 
jects: 
epilation of hepatic 
lies in isolated cells 
‘sed organ, 
he effect of DNA strain-breaks on 
activity of the chromosomal 
yme poly(ADP-ribose) polymerase 
tultured mammalian cells. 
he support is for three years with 
possibility of an extension and the 
es include up to ten hours demon- 
ting per week during term time. 
iy in soale £3,384: £3,634: £3,883 
annum. 
nguinies and/or applications, Hi- 
ling the names of two academic 
rees, should be addressed to Pro- 
or G. M. H. Waites, Department 
Physiology and Biochemistry. Uni- 
ity of Reading, Whiteknights, 
ding RG6 2AJ. Telephone Reading 
13, extension 7675. (Ref. TN70 A.) 
ee 8146(A) 


metabolism: 
and the 






REAL ht ty 
A A0 Rnb AAAA AAAA gt Yast AAN anin, 
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UNIVERSITY OF OXFORD 
DEPARTMENT OF GEOLOGY 
AND MINERALOGY 
POSTDOCTORAL 
RESEARCH ASSISTANT 
IN PALAEONTOLOGY 
A Postdoctoral Research Assistant is 
required for a period of up to two 
years to work under the direction of 
Dr W. J. Kennedy on an NERC. 
supported project on the evolution and 
biogeography of European late Creta- 
ceous ammonite faunas. Starting salary 
will be in the range £3,383 to £4,882 


per annum depending on age and 
experience, plus U.S.5. benefits. 
Applications, together with the 


names of two referees should be sub- 
mitted as soon as possible, and not 
later than Novemebr 14, 978 ta Dr 
wW. J. Kennedy, Department of 
Geology and Mineralogy, Parks Road, 
Oxford, from whom further particulars 
may be obtained. 8i62(A} 


UNIVERSITY OF GLASGOW 
CHAIR OF GENETICS 
Applications are invited for the 
Chair of Genetics which will become 

vacan on March 4, 1979. 

Further particulars may be had from 
the Secretary of the University Court 
(Room 18), The University of Glasgow, 
Glasgow G12 8QQ, with whom applica- 
tions (18 copies} giving the names 
and addresses of three referees, should 
be lodged on or before December 15, 
1978. 

In reply please quote Ref. No. 
A2GRM. BIT4LA) 





UNIVERSITY OF GLASGOW 
LECTURESHIP IN 
ANIMAL HUSBANDRY 
IN THE VETERINARY SCHOOL 
Applications are invited for the 
appointment of a Lectureship in the 
Department of Animal Husbandry. 
The salary scale will be within the 
range £3,883 to £7,734 per annum 
(under review) of the Lecturers’ scale. 
Initial placement will be according to 

qualifications and experience. 

Candidates should be either Veter- 
inary graduates or agricultural science 
graduates with a developed interes? in 
farm management and/or production. 

Further particulars may be had 
from the Secretary of the University 
Court (Room 183, The University of 
Glasgow, Glasgow GIZ 8OQ, with 
whom applications (eight copies) giving 
the names and addresses of three 
referees, should be lodged on or before 
November 17, 1978. 

In reply please quote Ref. No. 
4266M. 8148( A} 





UNIVERSITY OF ASTON 
IN BIRMINGHAM 
DEPARTMENT OF CHEMISTRY 

Applications are invited from suit- 

ably qualified candidates for twa 

lectureships in the Polymer Section: 

(1) A Lecturer In polymer technology 
is required to teach and conduct 
research in the fleld of polymeric 
materials. Preference will be given 
to candidates with knowledge of 
the design and selection of poly- 
mers for commercial and = in- 
dustrial uses, 

(2) A Lecturer in polymer engineer- 
ing/physics is required to teach 
and conduct research in the field 
of materials engineering /science, 

Commencing salary will be within 

the range £3,883 to £S.842 per annum 

on a scale rising by annual increments 
to £7,754 per annum (under review). 

Application forms and further par- 

ticulars may be obtained from The 

Staff Officer (Ref. 311/63. University 
of Aston in Birmingham, Gosta Green, 

Birmingham B4 JET (Tel. 021 359 

3611. Ext. 2013. to whom applications 
should be forwarded not later than 
November 20, 1978. SHIHA) 


metamer e maa n a arn Ta mi e A m ee e a aa aa a a ty 
enaa amana FEANEN oe 
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Open to both 
men and women 


PALEONTOLOGIST 


Salary: $16,500 to $39,517 (depending on experience) 
Ref. No: 78-RES-63 {N } 


Energy, Mines and Resources, Geological Survey of Canada 
Caigary, Alberta 


A scientist is required at the Institute of Sedimentary anc 
Petroleum Geology to conduct research in Westerr and 
Northern Canada on marine molluscan faunas from the Cre. 
taceous period. The successful candidate will investigate 
phylogenetic relationships of fossils through detailed field 
and taxonomic studies, and will develop and apply biosira- 
tigraphic models for paleoecolagical assessment ard tor 
local, regional and world-wide correlation. 


Qualifications 
Applicants must possess a Ph.D., or have a lesser dagree 
with evidence of research experience and productiwity egui- 
valent to a doctorate in geology or paleontology wath spe- 
cialization in mollusean faunas. Experience and demonstra 
ted ability in paleontological studies of Cretaceous cepha. 
lopods and pelecypods is essential. Knowledge of inglish is 
essential. 


RESEARCH SCIENTIST — | 
ORGANIC GEOCHEMISTRY 


Salary: $15,230 to $36,760 (depending or experience) 
Ref. No: 77-PSTP-32-153 {N } 


Fisheries and Environment Canada 
Burlington, Ontario 


A research scientist is required in the Process Reseerch Divi | 
sion of the National Water Research institute to study the 
physical-chemical processes involving organic matter in 
recent and modern sediments associated with aqueous ays- 
tems. Ernphasis will be placed on the carbon cycle and 
studies will be undertaken in lakes and rivers in support of 
national water management programs. The incumbent also 
provides advice and assistance in the development sf 
optimal water resource management strategies. 


Qualifications 
Applicants must possess s Ph.D. or lesser degree with evi f 
dence of research experience and productivity equwaternt to 

that of the Ph.D. in geochemistry or a closely related field. 
Experience and research productivity in the field of organic 
geochemistry is also required. Knowledge of Englis is 
essential. 


How to Apply 
Send your application form and/or résumé to: 
Mr. D.E, Fraser 

National Capital Region Staffing Office 
Public Service Commission of Canada 
Ottawa, Ontario K1A OM? 

Closing Date: November 17, 1978 


am rE nN aana an nna nanan. arannana aorin fered 


ber at al/ tenes. 






Please quote the applicable reference TU : 
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THE DEPARTMENT.-OF ZOOLOGY 
of the University of California, Davis 
announces the vacancy of an `. 


: ASSISTANT 


4 


PROFESSORSHIP 


in the area of |. 


‘DEVELOPMENTAL - 


` 


BIOLOGY 


The Department of Zoology invites applications from: persons 
with primary interests and expenence in research and-teaching in 
any area of developmental biology. The appointee is expected to 
establish a productive research program and to participate in the 
department's program of graduate instruction. Teaching responsi- 
bilrtties include a one-quarter introductory course in embryology, 
a one-quarter advanced course in developmental biology, and 
participation in a graduate seminar in developmental biology. 

‘Candidates must have a Ph.D. degree. Salary will depend upon 


qualifications and’ expenence. 


\ 


Applicants should forward a curriculum vitae, a description of 
their research experience and future research plans, reprints of all 
publications, a summary of teaching capabilities, and three letters 
of recommendation to Dr R. D. Grey, Chairperson.of the Search 
Committee, Department of: Zoology, University of California, 
Davis, California 95616. The Universrty of Calrfornia ts an equal 
opportunity/affrmative action empjoyer. Closing date for receipt 

.of applications is November 30, 1978: 


COMPLIANCE STATEMENT 
The Unrversty of Califomra, Davis, in comphance with Trtlee V1 and VII of the 
Crvd Rights Act of 1964, Trtle IX of the Education Amendments of 1972 (45 CFR 
88), and Sections 603 and 604 of, the rehabdtapon Act of 1973, does not 
discriminate on the bear of rece, color, national ongin, region, sex, or handiwap 
in any of rte policies, procedures, or practices, nor does the University, in com- 
phance with the Age Drscrmination in Employment Act of 1987 and Section 402 
of the Vietnam Era Veterans Readjustment Act of 1974, decnminate against any 
employees br applicants for employment on the bass of their age or because 
they sro disabled veterans or veterans of the Vietnam era Thi nondsscniminaton 
policy covers admission, sccess, and treatment in University programa and 
actrvities, and applicaton for and treatment m Unrversity employment In 
conformance with University policy,and pursuant to Executrve Orders 11246 
and 11375, Section 603 of the Rehebiintation Act of 1973, and Section 402 of 
the Vietnam Era Veterans Readjustment Act of 1974, the Unversity of Caiffornia =. 
w an affurmatve ecton/equal opportunmny employer Inquires regarding the 
University’s equal opportunity polkiea may be directed to the Vice Chancellor 
of Academic Affars and Affwmatve Acton Officer, 515 Mrak Hall, 752-2070, 
the Vice Chancellor of Student Affairs and Titio IX Compliance Officer, 641 
Mrak Hall, 762-2417, the Rehabilitation Act Compliance Coordinator, Office of 


the Chancellor, 681 Mrak Hall, 752-6560 


DHEW ; 


a] 
t 


UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF 
CHEMISTRY 


MASS SPECTROMETER 


TECHNICIAN GRADE 5 


Applkauons- arb invited for this post 
which involves the operauon and main- 
tenance of An MS902 mass spectrometer 
Tha post offers interest in an important 
papect of the analytical services re- 
quired by the Department. Experonce ` 
in the use of mam spectromctem or 
in the general field of meas Aap insiru- 
mentation would be desirable although 
not esential .Exccllent working con- 
ditions are offered wuih a starting 
salary within the scale £3 186 to £3,720 
pa (under revwrw). . 

Appheations in wrtmg giving full 
detasls and the names of two referees 
thould be sent to the Establmahment 


‘Officer, Univermty of ` Nottingham, 
University Park Nottingham 
808 (AD 


NG7 2RD 


OXFORD, The project 


, or the Drector, Office of Cmi Rights, 


8169(A) 


t 


RESEARCH FELLOW 
IN PSYCHOLOGY 


RESEARCH PSYCHOLOGIST 


required for one year from December 
1, 1978 for a study of the behavioural 
aspects of infant feeding besed in the 
JOHN RADCLIFFE HOSPITAL, 
s supported 
by the Internauonal Council for the 
Infant: Feeding Industries and super- 
vieed-by Dr R. E Drewett (Depen- 
ment of Psychology. Univernty of 
Durham) and Dr J D Baum (Depart- 
ment of Peediatrecs, University of 
Oxford). The appomtes will be a 
Reswarch Fellow of the University of 
Durham, working ‘in Oxford Apple 
cants,sbould have a PhD or equiva- 
knit rewan h experience in, psychology 
or- a related subject 

Salary ın the range £3,883 to £4,382 
per~ annum on National. Range ILA 
plus suptrannuauon 

Apphleations (3 copes) naming three 
refercea should be sent by November 
10, 1978, to the Regstrar and Secre- 
tary, Science Laboratories, South Road, 
Durham DH! JLE, from whom fur- 
ther particulars may be, obtained 

3 S083(A) 


t 


. pius superanugation. 


"mechanical /chemteal 





FELLOWSHIPS 





UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT: OF 

ZOOLOGY AND COMPARATIVE 
PHYSIOLOGY 


S.R.C. RESEARCH 
FELLOWSHIP , 


- Applications are invited for a Pow- 
doctoral Research Fellowship to work 
on the function of avian retinal oil 
droplets The research wil! involve the 
determination of oll droplet charac- 
termiicn and visna! capecities in birds, 
wih a view to exploring the relation- 
ships between sensory. physiology, 
visual capacities and behavioural] eco- 
logy Previous expertence with. animal 
training procedures wouki be an 
advantage. Se 
Candidates would have a PHD in 
either Zoology, Paychology or Physio- 
logy Appointment, for three ywars 
from December 1, or as soon m 
ble thereafter, on the Research 
sliow Grade !A,, £3,883 to £6,555. 
Maximum Warn- 
ng, salary £4,382 
urther partıculars from the Asers- 
tant Regsirar (Science and Engineer- 
ing), University of Birmingham, P O 
Box 363, Birmin - BIS ZTT; to 
whom applications (three copies) con- 
taining full curmeulum vitas and 
naming three referees should be scat 
by heen November 10, 1978 Please 
quote NI6 81 25{F) 


UNIVERSITY OF SUSSEX 
School of Biologrcal Scrences 


POST DOCTORAL > 
FELLOWSHIP IN 
NEUROBIOLOGY 


Applications are invited lor a 
3 year S R.C Postdoctoral 
Research Fellowship to, investigate 
the neural bess for stimulus 
locaimations by the fateral line 
system in XENOPUS Previous 
neue oes experince in 
recording from the: central and 
periphail nervous sysicm o required 
‘and some knowledge of techniques 


in the held of developmental neuro- 
thology a desirable 

Salary on the Research Peillow 
Grade 1A Scale £3,883.10 £6,555 | 
pa (undor review) with super- 
oonuation benefits 


Applications, giving details of 
age, qualificatrons “and expencncs, 
t her with the names of 2 
referma, should be seni as soon ss 
poaszible,to Dr 1. J Russell, School 
of Brobgeal enem, Unrversity 
of Sussex, alper. Brighton, 
Susa, from whom further par- 
ucukars are available (telephone 
Brighton 606755 ext 

8 120{E) 





UNIVERSITY OF. 
SOUTHAMPTON 
CRYOGENICS RESEARCH 
POSTDOCTORAL FELLOWSHIP 


Applications are invited for the 
followjng post commencing a3 s00n aS 
posible for one year an the ört 


rmstance ` + 4 
HELIUM REFRIGERATION 


IN THE ROTATING FRAME 

To study heat transfer and fluid 
behaviour of hehum at 3000 rpm and 
develop stable refngeraion cycies for 
larger. superconducting machines A | 
meter rotating cryostat m available for 
experimenial studies. 7 i 

Appbcanta should have ‘expenency in 
engineering of 
low temperature phywce 

Salary in range of £3,883 to £5,367 


per annum ms 
Applications, gying details: of age. 
e ence, etc., and namung two 


refcrews should be sent to D. A. 3. 
Copland, The Unwemity, Southampton 
SO9 SNH . quoting ref 
383/R /Nae. i 


. fractionation and geol 








POSTDOCTORAL 


FELLOWSHIPS 


Two three-year postdoctoral fel> 
shtups are available at the Fined 
Miecacher-Institut, Basel, in a gr 
studying correlations between struch 
end function in synaptic juncti 
from memmalian brain 
‘Blocheenist. Prefcrably cx D 
ın membrane  bialogy, fib sci 

electrophore 
immunocbemiustry 


Experience ift 


_ protein chemistry would be relev 


A srasp of the pmnciples~ of Ly 
and electron microscopy would have 
be developed and appropraie tram 
will be given where necessary. 

D Prefers 
woth expertcoce of CNS ultrestruct 
Experunce of quantttauve methods 
tmmunohmtochemical procedures wo 
be relevant Candidates should be r 
pared to ulilmc light microscopy : 
clusryvely should a particular proba 
demand ıt r 

Reply to Dr A. I Matus, F% 
Fridnch Miescher-Instnat, P.O. E 
273, CH-4002 Basel, Switzeria 
snding a brief cv and names 
three referees 8I16HE 


UNIVERSITY OF 


STRATHCLYDE 
Applications are invited for a 
POSTDOCTORAL 
RESEARCH FELLOWSHIW 
| supported by S R.C. in the ? 
JEPARTMENT OF PURE ANI 
APPLIED CHEMISTRY 


from mathematicians, phystciuts o 
chemists to carry out thooretice 
studies of dynamucal properties o 
polymer i 

Apporntment on Rangos [A o 
the national selary sructure fo 
research and analogow staff, com 
‘mencing salary within th: rang 
£3,883- to £4,382 wih piacini 
according to qualifications and ex 
perience Superannuation benefit 


Duration of appointment will b 
for two yours. 

Written applications naming tw 
referen (quoting R42/78) shook 
be sent direct to Dr’ D Pugh 
» Department of Pure and Applic 
Chemistry, University of 
clyde, Thomas Graebem . Building 
295 Cathedral Sroa, Glasgor 
G1 1XL, from whom further ım 
formation can obtained (tel 
041 552 4400, ext 2290) 

81676 





' UNIVERSITY OF GLASGO* 


DEPARTMENT OF GENETICS 
MR.C POSTDOCTORAL, 
FELLOWSHIP 


Applications are invited for ` 
MRC-funded Postdoctoral Resear 
Fellowship to study the antigenic coe 
postion of the human tropbobl 
(placental) plasma membrane and 
relevance to unmunological relatio 
between mother and fetus The exist: 
facilities and expertise of the Instito 
of Genotircs in cell hybmdimation w 


_be used to make monoclonal antibodi 


against placental antigens Applosr 
should have 
chemustry. immunology, 
chemistry ‘ 

Starting salary according to age ar 
qualifications up to: £4 pa. w 
range JA of the salary sale 


experience. in bh 
or MmMmu 


Research and Analogous Saff. 

Enquines and applications, includp 
two comes of corntcelum itae a 
names and addresses of two refere 
to Dr R G Sutchife, Depertmant- 
Genetics, Univeruty of Glasgow G 
ss, UKR ^ ° 


C7 Aan 
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FELLOWSHIPS 





UNIVERSITY OF 
BIRMINGHAM 


DEPARTMENT OF 
PLANT BIOLOGY 


POSTDOCTORAL 
FELLOWSHIP 


pplications are invited for a Post- 
oral Research Fellowship supported 
the Ministry of Overseas Develop- 
it which is tenable for one year 
a January H, 1979 to work on 
storage of cocoa seeds. Salary in 
range £3,883 to £6,855 plus super- 


gation. Starting salary will not 
ced £4,382. 
urther particulars are available 


a Assistant Registrar, Science and 
jneering, P.O. Box 363, Birming- 
i BIS 2TT to whom applications 
ee copies) including a curriculum 
e and the names and addresses of 


e referees should be sent by 
lay, November 10, 1978. 
lease quote ref: NKS. 

8126(E) 





THE ROYAL SOCIETY 
BRUNO MENDEL 
FELLOWSHIPS 


pplications are invited for Bruno 
adel Fellowships for one year from 
pber 1, 1979, renewable for one 
execptionally two additional years, 
a postgraduate candidates normally 
dent in the United Kingdom, The 
herlands, or Israel, to carry oul 
arch in medicine or the biomedical 
aces at a university, medical re- 
ch centre or medical school. 


junior research feliowskip appoint- 


t in the United Kingdom; addi- 
al allowances for travel and 
‘rannuation may be provided as 


sopriate. Application forms, receiv- 

by January 15, 1979, and 
dations (revised in May 1976) are 
fable from the Executive Secretary, 
Royal Society, 6 Carlton House 
‘ace, London SWITY SAG. l 
i RIIE) 





UNIVERSITY OF KENT 
AT CANTERBURY 
LECTURESHIP AND 

TUTORIAL FELLOWSHIP 
IN MICROBIOLOGY 


Applications are invited for appoint- 
ment to a vacant Lectureship and a 
newly created Tutorial Fellowship. 
Preference will be given to candidates 


with research interests in either 
microbial physiology or microbial 


ecology. i: is expected that the 
Lecturer will be appointed within the 
first five points on the salary scale 
L3,583 to £7,764. and the Tutorial 
Fellow within the first three points of 
scale £3,883 to £6,555. The ljatrer is a 


fixed tcrm appointment normally of 
three years duration. Application 
forms and particulars may be obtained 
from the Senior Assistant Registrar, 


Faculty of Natural Sciences, Chemical 
Laboratory, Canterbury, Kent to whom 
completed applications should be 
returned by November 24, 1978, Please 
quote ref: A38/78. BETSCE) 


UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF PHYSICS 
CRYOGENICS 
Research Fellowship 


Applications are invited for a three 
year poasidoctoral fellowship to study 
heat transfer in the reboilcer/condensers 


of cryogenic plant. using model rigs 
inciuding a full-length test section. 


Starting salary up to £8,129 
per annum plus U.S.8. benefits. 
Applicants with experience in fluid 
heat transfer. not necessarily at low 
temperatures, should send a curriculum 
vitae with the names of twa referees 
to D. A. 5. Copland, The University, 
Southampton SO9 SNH, quoting 
reference 156/R./Na. R3 HEJ 


STUDENTSHIPS 





THE ROYAL SOCIETY 


JOHN MURRAY 





RAVELLING STUDENTSHIP 
IN OCEANOGRAPHY AND 


LIMNOLOGY 1979 
pplications are invited for the 
‘¢ Studentship, open to British 


sates under the age of 35, for the 
Airagement of travel and work in 
nography or  limnology. This 
rd. which may be held for periods 





y three months to one year, will 
1978 be up to £1,500, adjusted 


gding to qualifications and place 


afuration of research, 
pplications are especially invited 
E workers in oceanography und 
ology. as well as in zoology. 
NY, geology, mathematics and 
jes, and it wilh be permitted io 
© the award while receiving a 
w from a regular appointment, 


pplications receivable by December 
4978, should be made on farms 
iInable from The Executive Secre- 

The Royal Society, 6 Carlton 
se Terrace. London SWIY SAG. 


Ri34(F) 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF 
AGRICULTURAL BIOCHEMISTRY 


S.R.C. C.A.S.E. STUDENTSHIP 


: Applications are invited for a 
CASE, Studentship in the following 
topic: 


Studies 
PMA iP CARIT TESIT 
Microarganis 


Continuous Fermentation 
with Rumen 
feast an 


Applicants should have at 


Upper Second Class Honours Degree 
in either Bacteriology, Microbiology, 
Applied Biochemistry or a related 


subject. The project, 
sored by LCE Pharinaceuticals will 
be supervised by Professor D. G, 
Armstrong and Mr D. G. Harrisen, 
from whom full details are available. 


which if spor- 


Applications, containing the names 
af two referees, should he sent to 
Professor D. G. Armstrong. Depart- 


ment of 
University 


Agricultural 
of Newcastle 


Biochemistry. 
upon Pyne, 


Newcastle upon Tyne NET FRU by 
November $3. |978. 
The studentship must be taken up 


by March 31, 1979. RORA) 





Thompsen, 


wee 


RAGE 





Science Research Council 
ANGLO-AUSTRALIAN OBSERVATORY 


TWO POST-DOCTORAI 


RESEARCH FELLOWS 






The Anglo-Australian observatory (AAQ} comprises the 
3.9 metre telescope near Coonabarabran, NSW. and a 
laboratory at Epping near Sydney, Australia. 


The U.K. Science Research Council provides two post- 
doctoral research fellowships tenabie at the AAO. Candidates 
should have strong backgrounds in some branch of physics 

or astrophysics, including theory. The appointment will 
normally be for two years to start in October 1979, 

Extension of the fellowships for a third year will be 

available if the fellow wishes to spend an additional year at an 
institution in the U.K. Salary will be based or the U.K. 
university lecturer scale in the range £3,883 to £7,754 
{subject to review in 1979) plus other allowances, fares, etc. 


Applications should include: 
1. Age, citizenship, country of residence and marital status. 


2. Qualifications and experience, including date of Ph.D. 


3. Astronomical research projects for which telescope time 
will be sought. (Sufficient information ts required to shaw 
that the proposal would be competitive in applications 
to the pane! for the allocation of telescope time). 


4. Any instrument development project in which the 
applicant is particularly interested. 


5. When applicant would be available. 


6. Names and addresses of three referees. 


Applications (Quoting reference RF/NS) should be 
sent to Miss F. Brandon, Science Research Council, 
Advance Office, P.O. Box 18, Swindon SN2 TET. 
England. Telephone: Swindon 26222, Ext. 2226. 
Applicants should arrange for the three references 
to be sent to the above address by the closing date 


of 5th January, 1979. 


MICROBIOLOGY graduate required 
for a Ph.D. Studentship in connection 


with a research project on bacterio- 
logical aspects of acne. Apply in 


Writing. with full curriculum vitae and 
the names of two referees. to the 
Secretary, Guys Hospital Medical 
School, London Bridge, SEL SORT. 
quoting Ref. M.C.6. 8O94( A} 


THE UNIVERSITY OF 
MANCHESTER 
DEPARTMENT OF 
BIOCHEMISTRY 
S.R.C. C.AS.E. STUDENTSHIP 
Applications are invited fram good 
Honours graduates wih  onterprise, 
initiative and interests at the isterfuce 
of Biochemistry and Orgunt Chemistry 
to work for three vears on the covalent 


attachment of fluorescent labels to 
carbohydrates. This is a joint project 


with the Organics Dasision af ECE. 
gt Blackley. Manchester. Phe apponi- 
wem will compenre a8 SOON as 


possible and preferubly nor tater than 
December 31, 1978. Apply as Scan us 
possthie, with curriculum vitae. teig- 
phone number, “und HALES and 
addresses of two referees, ta Dr J. S 
Decparline tit of Bio- 
University of Manchester 
CPetephone “neh 273 FIZ, 
or SPOS), RORS(A} 


chemistry, 
Mis GPI. 
ext, $232 


TELEPHONE : 01 831-6901 


STAJE) 


UNIVERSITY OF 
SOUTHAMPTON 
C\A.S.E. Studentship in 
CRYOGENICS 
Applications are invited for a 2 year 
SBC, CASE. Research Sudemtshin 
on “Refrigeration cycles for rotating 

Refrum al 3@00 repo.” 

 ApPicants wih a geod degree in 
Physics or Enginécring should write 
to Dr R G. Scurlock, Physics Depart 
trent. University of Southampton, 
sou as possible, Please quate ref: 
MAE/2 7 Na, STIFTA} 








MANCHESTER 

DEPARTMENT OF 
BACTERIOLOGY AND 

WIR GILG: Y 
ihe North West Waler Authority is 
funding a three-year postgraduate 
studentship in microbiolagy which wil 
ke primary concerned with the ae 
velopment of standarni methods for the 
yuaniitative «slimniation of sajnvonelige 
siralns am sewage sludge. Maintenance 
payable EI BAO per annum, 

The successful candidate will register 
For a higher degree, probably ae M Se. 
level for one vear Bit renewuble for a 
further two ears for a Ph D subi 


£42 Peet 
ai Pieri 


ibject 












ty satisfactory academic propre 
fogs teashble as soon 
articulars front the Registrar. Phe 
leniversite. Manchester Mix GPT. 
{quote ref. Qa R EM toa whom lepers 

shouid he semo by 


oF upplication $ 
November 14. BIG) 
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AWARDS SYMPOSIA COURSES 








INTERNATIONAL EMBO LABORATORY 
PEPTIDE SYMPOSIUM COURSE 


The Intramural Program of the 
National Institute of Neurological and 
Communicative Disorders and Stroke 
will sponsor an International Sym- 
posium entitled * ‘The Role of Peptides 
in Neuronal Function’’ to be held May 
7-9, 1979, at the National institutes 
of Health reservation in Bethesda, 
Maryland. The three-day meeting will 
draw together investigators from 
diverse disciplines for a comprehensive 
review of peptide research as H relates 
io the field of neurobiology. 

The first day will include presenta- 
tions on the anatomy and physiology 
of peptidergic neurons, as well as the 


On 
“Plasmids—A Course in 
Advanced Techniques” 
April 9-29, 1979 
a U? IVERSITY OF 
ERLANGEN, GERMAN‘ 
Organisers: Kenneth Timmis ar 
Af Pithler 
The course will consist of labora 
experiments and lectures designed 
ingtruct participants in the use 


| 

i 

$ 

| 

| 

i 

f 

} 

] 

i recently developed methods that 

synthesis and secretion of peptides. The | particulariy important for the gene 

{ 
! 
i 
i 
j 
i 
| 
t 
i 
l 
i 
i 
| 
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Awards for 
RESEARCH INTO 


TROPICAL 
RESPIRATORY 
DISEASES 


second day will begin with a discussion structural and functional analysis 
plasmid genomes. These will inei 
transposition mutagenesis, gene č 
ing, the uses of restriction enzys 
electron microscopy and DNA 
quencing for structural analysis, 
the uses of minicell and in 
systems for studying plasmid exp 
sion and replication. 

A omini-ssanposium on the th 
‘Plasmids of Medical. Environme 
and Commercial Importance’ 
follow the faboratory course. 

Applications, with a short curr 
lum vitae including future scien 
interests, and any information wi 
might help in their evaluation she 
be sent in duplicate to: 

Professor A. Pühler 


of peptide-mediated communication in 
the nervous system, followed by re- 
The Wellcome Trust wishes to encourage research ie Meares sehr ee 
into diseases of the respiratory system, including 
asthma, occurring in the tropics. A competitive award 
of up to £100,000 is offered for a period of not more 
than five years. Preference will be given to proposals 
which demonstrate an interdisciplinary approach and day will be devoted entirely to the 


| 

tensin, somatostatin, substance P, vaso- 

} 
especially those which include sustained collabora- pharmacology, physiology and potential 

i 

i 

| 

| 

| 

' 


active intestinal peptide, luteinizing 
hormone releasing hormone, thyro- 
tropin releasing hormone, olfactory 
system peptide, bag cell hormene and 
neurodepressing hormone. The final 


s : ; í clinical application of opioid peptides. 
tion with research centres in the tropics. 


The Symposium is being organised 
patie . ) by Drs Jeffery Barker and Thomas 
Applications for smaller awards will also be considered Sih SF he KINGOS Taa 
and grants may also be made to the runners up. These in Neurophysiology. 

awards are additional to the Trustees’ normal 

arrangements for supporting tropical medical research. 


Those interésted in attending should A A r 
contact either Dr Barker or Dr Smith. Institute of Microbiology and 
Bldg. 36, Room 2C02, Nationa! Biochemistry 
Those wishing to apply should send a two-page 
summary of their objectives and proposals for research, 
including a brief estimate of the anticipated costs, for 


Institutes of Health, 9000 Rockville University of Erlangen 
preliminary consideration. The principal scientist 


Pike, Bethesda, Md. 20014. Tel: 30i- | Friedrichstr. 33 
496-2414. 8 168(M) 

should also send a curriculum vitae. 
| 


810901 








GRANTS 





NATO ASI 
NUCLEOSIDE ANALOGUES: 
CHEMISTRY. BIOLOGY ANLE 
MEDCAL APPLICATIONS 
May, 7-18, 1979 

Sogesta, nr. Urbino, kaly 
His inrerdisciplinary Study insti 
will be directed towards the Syruc! 
synthesis und chemical reaction 
nucleosides, their evaluation ane 
as antiviral and anticancer drugs. 
programme will include review 
tures, research seminars and discus 


D 8520 Erlangen, FRG 
Applications should be addressed to 
Mir. M. A. F. Barren, The Wellcome Trust, 1 Park 
Square West, London NW1 4LJ, and reach the 
Trust by 8th December 1978. 


THE ROYAL SOCIETY 
BROWNE RESEARCH FUND 
MAURICE HILL 
RESEARCH FUND 
MARSHALL AND ORR BEQUEST 
Grants 1979 
The Council of the Royal Society 
invites applications from qualified 
research workers for personal grants 


The Wellcome Trust 


SI77(N) 


f(a) from the Browne Research Fund, 
for research in marine biology 





at a marine biological luboratory 
or elsewhere. Preference will be 





=“SSURE a ME D Uae E Eoi lecturers will inchide: J 
i í l = i ISS ; = f yure scie 345 px p- i > Ei 2. UAE f, 
REMORE a aal E a i oyan Boom (Netherlands), Y.-C. CE 


lems rather than to those whase (USA). S S. Cohen ee S, 


Danyluk (USA). T. C. Merigan (U 
J. G. Mofan (USA W. H Pr. 
(USA), M. J. Robins (Canada) = 
Saenger (Germany), F. M. Se = 
(USA). R. W. Sidwell (USA). L. 


CONFERENCES | RECORDS 


If you have any such records in any 
form for any part of the world, for 
| any part or all of any of the periods 


CONFERENCE | fisted below, please send a copy lo 


i 

{ 

1 

i 

i 

i 

f 

| 
work would be primarily directed | 
towards an economic end. 
{ 

| 

| 

i 

t 

3 

i 





ib) from the Maurice Hill Research 
Fund (established in memory of 
the late Dr M. N. Hill. FRCS... 
for the encouragement of re- 


eat ee ee ye sas a VARRAR | Dr B. W. Jones, Faculty of Science, ss ge : Sta merne 

Third International Conference | The Open University, Milton Keynes search in physical oceanography con (USA), H.  Vorbrug 
on the Chemistry and | MK7 6AA, Gt. Britain. Reasonable and marine geophysics} for re- E A E E HR 

| Walker, Departrnent of Chemi 


laboratory in physical and 
chemical oceanography, murine 
geophysics and geology. 


Uses of Molybdenum March 1 to 14, 1970; July 4 to I7. 


Birmingham University, P.O. Box 
Birmingham BIS 27TT. UK, jo ar 
from the Marsall and Orr not later shan December D : 
Bequest for the support of They shouid contain a, short 

| marine hiologica!l research, including the applicant S Scien 
| Grants may be used for periods up 

| fo one year, and are made on the 

| understanding that university or other pene 
| posts held by applicants will meanwhile | be selected 
| 

$ 


sponsored by the University of 1972; June 24 ta July eee 1973, June 14 


Michigan and Climax Molvbdenum Co. 
Ann Arbor, Michigan, U.S.A 
Augusi 19-23, 1979. 

Application forms can be obtained 


| 
from: oa | SYMPOSIA 
| 


J 
í 
| 

expenses can be recovered. Periods: search at sea and/or in the 
to 27, 1974; October i7 for 30., 1976: | 
} 


w 


te 


October 6 to 19, 1977. SIS?7LED 





| background and interests and a le 
| of recommendation where appropr 
i Research seminars to be presented 
from those olferer 


Climax Molybdenum Co. Lid.. 
Imperial House. 





1/3 Grosvenor Place applicants. A short abstract of : 








j EAI KA Ars as x | 7 QE it r 4 R yenfs are 

London SWIX 7DL. ROB4(C) ! THE SECOND Heese ae ea cantributions should accompany: 
j á + piesi + rys, ~ l "+ f 
; INTERNATIONAL salaries from regular appointments. application. The Lr a ae 
i TV va 3 N In 1079 the total amounts available will be limited to 60 and eve . 
| SYMPOSIUM 0} to be shared among all successful be expected to attend for the dus 
| AIU = at ge TY | cumplicaals wi > at 280 from of fhe course. : 
| MICROBIAL ECOLOGY | applicants will be about £4.250 fro Successful applicants will. Hav 


| the Browne Research Fund. £8,400 





| 
: ; i . f E 
; will be held bance pape aech Fund | provide a non-refundable deposit 
ee _ ei aie ' from the Maurice Hill Research Fund pre 
FOR SALE & WANTED | ap ene) Nery o Warwick | and £7,820 from the Marshall and Orr USS100 (which will then As $35 
| „Coventry, England | Bequest; individual grants will nof i from the Hving expenses 0 i 
September 7-12. 1980 G | ordinarily be more than £750. polis peice er Ciao Pee: ha 
For information and a copy of tne Applications should be made on | partiatly ¢ ng g 
J. Physiol Vols 107 (1948) to 198 | First Circular, contactu Dr | forms tobe obtained from the Execu- | costs are avail lable but participants 
(1968) and 236 (1974) to 282 (1978). | Fletcher, Department of  Environ- | tive Secretary, The Royal Societv, & | encouraged to cover ade oe 
Offers to Box No. BRISAL) Macmillan | mental Sciences . University of | Carlton House Terrace, London SWIY | from ibe resources © bre 
Journals Ltd., 3 Dyers Buildings, | Warwick. Coventry CV4 TAL. SAG. and returned by December I5, institutions wherever possible PEN 
Holborn ECIN 2NR. — S144(L) | England, . g8078(M) 1978. SIIMA) 
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write or call for our big 1978-1979 CAMAC Catalog 


KineticSystems Corporation 


11 Maryknoll Drive, Dept. N108 e Lockport, Illinois 60441 « (815) 838 0005 
6 Chemin de Tavernay, Dept. N108 e 1218 Geneva, Switzerland e (022) 98 44 45 
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(BDH) the leading British -+ 
manufacturer of ~ 
aboratory chemicals 


x 









Biochemicals 


more than 1000 specially l 
manufactured and tested materials | 
for biochemical use 


‘AnalaR’ 


the internationally 
oem recognised standard 


for analytical reagents 


he 
2,4,5-Trichlo”™ 
e acid s 


BDH Chemicals Ltd, Broom Road, Poole, BH12 4NN Telephone (0202) 745520 
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